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PREFACE

Ine Giba Foundations international conferences are
arrnged s often as posuble st times when the members
¢ w on the same journcy also participate in other appropriate
onferences m Western Europe  As early as 1952 Professor
R F Tunbndge ashed nhether the Ciba Foundation would
e willmg to hold a suitable conference near the time of the
thurd Congress of the International Association of Geron
tiw to e held wn London i Juls 1954 and to this the
Tircet ie of the ¥ oundation readly agreed

Farly m 1924 the Trustees of the Cibn Foundation decided
to embarh on special measures m support internationally, of
b st pescarch relevant to the problems of ageing, so that the
confirenc already arranged became the first i what it 15
haped will be a scnies of conferences on subjects 1n this field
In ecnfornuty with the Foundation s earlier senes of “Collo
quit on Frdocninology the new semes 1s bemng called

Colloqua on Ageing  whilst the conferences on 1solated
sul jeets will contimue to be desenbed as © Symposia’

tn the arrangements for this colloquium on the Genera

Vapeets of Agemg the Dircetor was greatly helped by the
wdvied e reeened from Professor Tunbndge, who also Lindly
umdertaok the duties of Chairman

The colloquium was itended to be a gencral explorahion
wd appreeiation of the present posttion regard to opimon

and experiment on the processes associated with of directly
invchved in the ehanpes oceurming n tissues with age at
\;lnh\l? period of bfe of the orpamsm from concephion to
¢ ith

To thre to whom tiis ook serves as an tntroduction to

e aetisities of the €t Foundation 1t should be exnla nal
NN N 1san wbeee o



A1 Prrract

It onces its ineeption and support to ats founder, CIBA Ltd of
Switzerland, but 1s adnunistered mdependentls amd exclu
sively by ats distinguished British Trustces

The Toundation provides accommodation for scientific
worhers who visit London from albrond orgamzes and holds
mternatienal conferences, conduets {in conjunction with the
Institut National d’fTy qiene) a postgradunte medieal exehange
scheme between Lngland and Irinee, arranges mformal
mectings for diseussiony anards an annual leeturestap  has
mutiated a schame to encourage basie resewreh redesant
to the problems of ageng (as mentioned above) assists
iternational congresscs and serentific socictics, 1 butdding up
a hibrary serviee i speanl ficddds and generally endeavours to
give aid m afl matters that may promote ternationil co
operation in scientifie research

Leading research workers from different countries and i
different disciplines are invited to attend the symposn or
colloquin  The wze of the group 15 however, very strieth
hauted m order to obtamn n free conversational manner of
diseussion—although the base timetable of the progeamme
15 strictly observed  The smallness of the groups means the
exclusion of many workers active and mtcrested i the
subjeets discussed and therefore the procccdings of thesc
conferences arce pubhshed and made available throughout the
world
Tt 15 hoped that the papers and discussions i this book will
prove not onhy informative and stimulating but sl aleo gve
to readers a sense of partieipition m an nformad and fricadly

ocension
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CHAIRMAN'S OPENING REMARKS

R E TUSBRIDGF, OBF, MD, FRCT,
Department of Med exne Upiversity of Leele

Fresr of all Thnow that it 1« yaur wish that T should thank
the Ciba Foundation, ob vour behalf, for gumg s thus
opporturity of meeting together to discuss the problm of
agetng  The Director wicely chose as the title of the Sym-
postum  Apewmg—General Aspeets We hive thus been
spared any etymologieal discussion on what 1s the meamnz of
gerontalogy  During the conrse of our diseussions we shalt
wander from the most gener! aspeets of the problem to the
partieular but I trust that cven when we are diseussing
mnatie we shall heep 1 mind the ganeral problom of ageing
Perhaps it 15 too much to hape that at the end of this Con-
ference we shatl be able to define agung preeisels and elearly —
but posabiy many of us would feel that o Jot of fun had gane
rut of lift of the nddie nere to be solved so casiiv

¥ a, emng a chronologient tetm merely refleeting the passage
of years andif so what vears, or are the public riglhit 1 assume
ing as they generally do that apangy 1 synonymous with
senescence andfor decan? The cancept of the chixir of hife, ke
the philosophers stone and the alchemists drewn of the
transmutation of metds has long seried as 1 tremendous
stimulus to manhind to hugher fhghts of imn anation or some
tinees to derision We shall not dwell upon these fintasies,
nor shall we deal with that other very unportant aspeet of the
problem what one mught call the politieal econotue and
sousal aspects of ageng of which we as aitizens cannot be

unaware We shall try, 1 hope to confine aurselves to the
more biologieal aspects in an attem;

Pt to define 1f 1815 posaible,

the process of ageng .
1s there an allotted span of hfe® Js t
wth regard to the hie span? Is the lo

PN

here speetes speeifieity

ngth of e determsned
1

a



2 R L Tuxprmern

by the structure of the chromosome? We ean breed ammals
with longevity as a dommant, and 1t 1s well known that there
are human famihies mnwhich longevity 1s a striking characters
tic  This 1s a fasemating aspeet of the problem, Professor
Medawar has very strong views on this approach to ageing,
and we look forward to hearing lus lucid exposition

Then agun, 1s senescence 1tself & primary biologieal fune
tion? Is 1t mevitable or 1s 1t merely the predominance of
eatabolism over anabohism? Is 1t a feature of cellular life, of
the hfe of an organ or of an orgamism?  Alexis Carrol m his
experimental work suggested that environmental factors were
highly 1mportant, 1f not the most important factor in sene
scence or the changes which we associate with senescence
Then we have the problem of the ¢yclie changes that oceur in
many organs, for example the thyroid or the ovary Is the
hypertrophy and v olution a fundamental biologieal process,
and 1s senescence alhied to 1t, an cxaggeration of it, or a
sumlar process i another phase? I understand that the
senescent or atrophied ovary of an adult antmal ean be trans
planted mnto a young ovaricctomized ammal of the same
species, and that 1t then proceeds to take on cyclie function
agnin  Therefore, 15 1t merely the mibieu in which the organ
lives, the environmental factors, which deternune age changes,
or are they separate and distinet processes? We have with us
experts hke Dr Betty Rubin Dr Parkes, Professor Krohn
who may not deal with this particular problem, but whe as a
result of their pre enunence i the ficld of endocrmology are
bound to touch on similar topies

Then, of course, there 1s the extraordinary power of organs
or tissues to regenerate  We are familiar with the great powers
of regrencration of, sy, the hiver, and not merely the growth
but the readiness with which new cells take on apparently
normal function, whereas m other tissues, ke the nervous
system, once the nerve eellis serously damaged 1t 15 no fonger
capable of repur  We have with us many experts on the
changes i tissues with ageing  Are the changes m the shin
the arteries, the bone, the Jungs, just sencseence?  Arc they
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specifie? Ts semle osteoporosts, so common m clderly women,
merele @ mamfestaon of osteomabwn: o a parbeular
wge group or 1 1t 2 speafic degencratne change? Tt
teresting that elwtie tissue so abundantly jad down w
youth scems ta ceuse to be fud down, or only anm,:’) sa,
m old age, its plice bemy taken by collagen Ye have to
decide on the relationship of these problems to the whole
problem of agemg: the nddle 1s internunable, nnd posubls our
own spproach 15 coloured 1 hope m our disenssions we shall
Leep this 1n mund and that we shall leave thas colloquium
mvigorated and refreshed

The programme also refers to aspeets of nutntion, and you
will notice that becanse of the question of buas we hnve not
neglected to welude the psyeluntne and psychologieal aspects
of the subject Here the fickt ts less well defined, and Professor
Aubrey Lewss and Professor Sir Fredene Bartlett might say

we are all ighly biased nd therefore truth ss v ery difficult to
come by



THE DETINITION AND MLCASUREMLNT OF
SENLSCLNCT

I B \M[rpawanr pse,rrs
Department of Zocl gy Universit y College Lanl n

Introduction

Norume s dearer evidence of the immaturnty of geronto
logical science than the tentative and probationary character
of 1ts system of defimtions and measurements  *What 1s
ageng? 1 a question to which there 1s no agreed answer
It 1s therefore very natural that the first contribution to thiy
colloquum should be an attempt to sugzest the ways by
wlich an answer might be arrived at

*Agemz  m the hteral sense of merely growing older
mmght well be o benehieral process 1¢ there are certan reasons
why an ammal s expeetation of further hie should mcre e
mstend of becomin,g shorter with wdvanans years  Ammals
grow wiser as thev zrow older <o far as memory ean mfluence
their actions the survivors of earher hzards are less ke
to be their victims when exposed to them for a sceond time
Yor examplc Tack (1951) has shown that bevond the first
few months of lifc the mortahty of wild birds s independent
of their are but ;ame birds (whose ecnsus s parth carried
out by gunfire} m suller a disproportionately hrgh mort Wity
during the first two vears of hfe after which the survivors
presumably know better  Fhan agmin ammals become wiser
m an immunological sense for antibody formation 1s a process
and a sceond response to an antigenic
{(Immuno
a not

with a long mumory

stimulus s much more effective than the finst

logsts were speahing of the anamnestic response

forgctting of past bchaviour long hefore bioloasts came to

regard the stornge of mformation as a conceptun] novelty )
Yet ngang m man s accompanted by that gencral detenorn

tion which the word atselfl colloquially tmplies, and the «ame

4



DerraTion, AnD MEASURFMINT OF SENFESCENCE 5

15 true of all mommals and rds which have heen artufienthy
Lept aine long enow h to uffer the inrowds of senle deeas
The deterioration that goes with agem2 could e descnbed
asa dechine of vitalits o o lowern of ologicnl ¢flicieney
—of an grgamsm s power to muntun 1tsel as A going contern
But this 18 more of an wmnuendo than a formal defimtion and
he question remns how 15 senescetiee ta e measured and
defued with acceptable preession? (It will be convenent to
wse the seyenteenth century word senrstence to stand for the
detenioration that accompantes 4 ang and to lenve 1 emys
stself to stand for mercly growmg old )

The process of senescence and the stite of sentle detenary
fion can be measured or assessed 1 two entirely differcnt
ways (Medawar 1902) Tirst there 15 the hind of measure
tlt may be cailed personal beeause it purports to measure
a process that takes place n the life history of an ndividu sl
ammal seeond  there 15 a statistical or actuannl mesure
whieh 15 founded upon the mortalits of a population of
mdindualy and which bears only indirectly upon the chan.ev
that occur sithnn the hifetime of anyone  The former 15 used
by the pathologist phvstologit and (by an extension of us
terros of reference) the embryologist  The Jatter 15 userd by
bicdogsts generally and 1 partieular by ceologists and by
students of the genetical theory of evolution

‘The Personal Measure of Senescence

I we hunew of some master factor or prime mover m the
Lrocess of senescence—if for example everv mngredient of
decay was causalls dependent upan ehanges occurning mn the
pnel gland—then a jersonal measure of smcscenc; woukl
te m pnncple entiely adequate  The one master process
could be measured and the rest should foflow  But we haow
010 such master factor the processes of seneseence are i
<€t but we do not hnow which 15 the dryin wheel Al tint
ew be done therefare 15 to record scpm;tel\ the severil
namfestations of deeay—th o wnnkhng of the Sun and e
W, of har the watomical maotutyon of the or,,'\n: \'fn



6 P. B Mepawar

growing msuflicieney of endocrine output, the loss of acuty
of the senses, the weahening of muscular power and coordina
tion, the dechne of the specific grow th rate and rate of cellular
turnover, and so on  All these ean be deseribed and measured
m fact or m principle, but as mere deseription cannot allot
causal priontties among thar competing elaims no one of
them can be held to be the measure of senile deeay
Considered one by one, each of these mensurements gives
different estimates of the time of onset and rate of progress
of senescence  Take, for example, the speeific growth rate of
the Lody, 1 ¢ 1ts rate of grow th considered as a sy stem mereas
mg by compound interest, tn which that wlich 15 formed
by growth 1s itself capable of growing Mamy vears ago
Charles Mot pomted out that the specific or percentage
rate of growth i man fell from birth onwapds, raprdly at
first, and then progresstvely more slowly vAlan grows like
money miested at o rate of compound mterest which falls
progressively at a rate which itsell progressively falls  Minot
argued that the specific growth rate was a partscularly
scarching and intimate measure of vitahty, 1t follows that
seneseence begins at birth and goes on faster  chuldren than
m therr elders  Dstimates of the rate of healing of wounds
liave Leen held to reveal n similar trend, but some of the data
will not stand up to 1l disposed eriticism
Measurements by other standards gnve dufferent answers
vAcuity of hearing 1s smid to be sharpest at about the age of
ten and resistance to infectious disease to be at ats maxunum
at about fiftcen Musecular power and coordination are
presumably at thar peak at about age twenty five If
therefore we think of the body as a multipheative growth
wstem, there 1s a sense m wlich senescence could be sad
to begmn at birth, as an antibody forming system, at fifteen
nd e a1 museular machme at twenty tive  These several
me wures of vitahty or senescence are therefore mcongruent
wnd 1t s an important empin ol fat that they are so bat
for the trme bung we must concede that ne onc mewure of
sanesceney bsed upon the properties of indivrduyl organisims
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we
can et el causal precedence over sny other, and
pust thetefore try our Tuch elsewhere

1 of Senescende
he Actuarial Measuremen
The ':fct\x:ma\ measurerment of senescence 18 Yased ::m::
the following presupposttion that n\lhnu;v_;'u s;‘;,:;;c\:g\,mw
m
a diserse and complex process, »ih
::d::id(;\c stractures and actnities of the body, s net total

190,000
15000
1
2 saco0
>
T
3
B wovo
N
2
. . N
a (X ™ 73 o0
age ® years

¥ 1

effect 1s of one measurable hind—ta merease s ulnerability,
the Mhehhood of dying as hife goes on

A megsurement of vulnerabity 25 amphiert within the
miormation set owl in an actuary s hie table A le table
may be thought of as a senes of figures representing the sur
g residue year by year of a populahion marked at birth
and followed through ife sntd alt have died  The table there
fore begns wath some arbirrary but hrge vumber of wdist
duols (L, 55y 100 O0D) and ends at zero when none survive

In the form of « graph a Bfe tahie for fmman bengs has the
shape Wustrated by Yis §
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The curve m Yig ¥ represents the falling away of the num
berof survivors () meach vear 2 of nge  Its slope 1s the death
rate, 1 ¢ the rate of dechne of the number of survivors where
1t1ssteep the death rate 1s hugh were it horizontal the death
rate would be zero  Lhe slope 15 downward and thercfore has
a negative sign, to make the death rate positive, 1t may be
written

death rate= — (;_1’

dx
The death rate atself 15 almost uscless as a measure of the
hhelihood of dymg for 1ts numerienl value clearly depends
upon the number of individuals still left to dic  (The death
Tate at 100 1s lower than at any previous age beeause o fon
are left i the runnimg ) VWhat 15 required 15 the age specific
death rate or force of mortality the deith rate at any nge
divided by the number still exposcd to hazard, 1¢

force of mortality = — ,1 {I—,‘,

. dx

the negative sign bemg used as before, to give the foree of
mortahty a positive value In a population of which the mem
bers do not deteriorate with increasing age—e g a populition
of plates or test tubes—the hkelihood of beng broken s no
greater at any one age than at any other at the end of cach
age interval the number of survivors falls to a constant
fraction of 1ts value at the beginning of the mterval the force
of mortality 1s therefore constant  Ihe curve of the force of
mortahty 1in human beings has the shape illustrated by Ty 2
It 1s higlt at barth falls steeply to a very low value between
the nges of eight and fourteen and then rises without singu
Iarity or inflexion for the remamder of hfc

The question now 1s ¢ the force of mortahity beused a a
measure of the degree of senescence over that period of fifc
1n wineh the foree of mortality 1s inereasmg?  (1bere s no
question of 1ts bemng used for such o purpose durtn,g that
carlier epach of Ife m which ats valuc s fulling )
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The difficulties and covert imphications of such a scheme of
nay now be d upon one by one
(1) In the first pince senescence 1s a process At their faee
salue the hfe table and sts denvatives record not a sequenee
of events which takes place 1 the lifetime of a sy le indiyy
dual but the age frequency distnbmtion 1 the population
as a whole of a single event in Wie viz death ats end

o3}t
Z o2t
2
8
£
k]
o Olh
Y
L
K A i 1 3.
o 50 90
age 1n years
Fic o

{2} The use of the f
oree of moy
15 accdental 1p, ongin {usmg t;::h\t) 0 eedenty e

sord oadentat 1y s
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widest sense) and that senescence 1s the process of beconung
ever more neeident prone  In other words cyveryone 1s
awsumed to die of something, no one to die what 15 most
naptly called a ‘natural death Most pathologists believe
this to be true (Aschoff among them) and all are obliged
to do so by the laws of ccrtlf’cntxon The approach to nntunl
death 1s therefore asymptotic The lethal threshold falls
until m theory, the most trvial aceident imagmable 15 a
cause of death

(3) The measurcment 1s corrupted by the custence of
causes of death which are not random n their incidence, t e
to which the entire population 1s not equally at sk The
barnacles of Hatton s {1938) hfe table* may well be equally
cyposed to hazard but human bemgs are obviously not
special ages and occupations have speeinl nshs  Duvidently
the measurement must be correeted for causes of death having
any hind of specific frequency of incidence

(1) A hfe table set up by tracing the hft hnstories of o
cohort of newborns from birth to death will certamly be
corrupted by seceular changes n the causes of mortality
Men aged {ifty four today were born mn 1900 when the nature
of the causes of death and thewr pittern of meidence were
very different from what they are today  Amimals reared i
Jnboratories may not be so affected nor need it be assumed
that sccular crrors of this hind affcet wild populations of
anmals with comparatively short hves

(5) If the force of mortality ts to be a reasonably efficient
measurement of the degree of senescence there should be no
gross mhented differences of susceptibthity between members
of the population at nish  Tor et st be supposed that the
population with wiueh the hfe table benns v genctically
subdivided mto stalwarts and weakhings  Selcetion will then
oceur 1n the course of bfe and the population which the Inter
vaars of the fe tible deals with will be a quite unreprosenta
tive sumple of that with which st begw In the Jaboratory

of rilelteratare of 1f LIS € rs Thar ualy see Doevey (1087) T
1 merson laek Lark an) Sclmilt (1049) ani Jlaldare (1037
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the use of nbred strams or their I, b bruds can ehmmate thas
ree of error
50;0“: of the Give objections so far rased challenges the
prnaple of using vulnerability as a messure of seneseence,
though they make 1t yery ev ident that grave difheulties stand
1 the way of its practical use  They are difweulties winch
spply with particular foree to human bengs—n tlus respest,
2s W so many others, & tiresome wnd anomalous ammal,
nghtls excluded from the sylabus of studies in most depart.
ments of zodlogy  We may now constder two genuine short-
comngs of principle, one of shich 1s reparable, the other not

The first 15 that senescence may Teven) stself by o true and
radical detenoration that 1s not accampanied by any merease
in the hiehhood of dving w1z o detentoration of reproductive
power  Should not any measurement of senescence tahe
reproductive capacity mto aecount?

The question 1s pertinent, beeause n human females
reproduction cames to an end oy er an epoch of hie that 1s not
distingurshed by any dependent change m the ikebhood of
dymg (O the contrary, one cause of death, 1n childbirth
hasbeen outhived ) 1t may hiave less bearing on other ammals,
w which reproduction, mstead of pping rather suddenly,
merely slawes down i step with other senescent chanme

A
mnrs £ a3 1 .

v p tudie s aind~—should have regard to botl
mortabty and fertbty  Several such measures suggest them
selves of which the most useful might be the total future
expectation of offspring per head from a chosen age z ona ards
vz the reproductive value N

{pb s

where b, 1s the age speerfie birtd

rate, and p, (=LY 1
scuts the probabality of In g to age :r’ (or, ul\ clg'ec;(!‘ll?c \c ‘:l‘:
of L when 1, 15 talen to be wmty ’ ¢
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There 1+ thercfore no difliculty 1 coming to terms with
tlus first objection of prineiple, 1if need be  The second 15 of
an entirely different hmd

By the word ‘sencseence’ we clearly wish to deosenbe a
change which 14 of mnate omgm which 1 built mto the
dey clopmental structure of an ammal and wlich eould take
place even under the most favourable’ conditions 1t 15
possible to envisaze  The force of mortalits does mdeed
measure this mborn dechne, but the difliculty 1s that it must
also measure another sort of declme of purely contingent
ongin as well

It cannot be strictly true to say, as I smd eatlier, that
plates and test tubes are subjeet to a constant force of
mortality, even when given equality of use and of c\posure
to the msh of being broken lhey suffer mdeed no mnate
dechne (if we disregard such refinements as the slow ery
stallization of glass) but they may deteriorate in a different
way  Plates and test tubes get erached and chipped but
may vet be usable, at least in the more frugal homes and
laboratortes A erached test tube or plate 1s more vulnerible
than one which s still intact, 1t 15 more likely to get broken
m the course of ordinary use  Lhere 1s therefore, or may be
an merease of yulneribihty which has nothing at all to do
with mnate dechine but wlich 1s due to the persistent, there
forc cumulative, cffect of recurrent mjury or stress

Ihere are mnumer ible examples i living organisms ol an
mcrease of vulnerability caused by the persistence and with
time  the summation of the effccts of veeurrent dimage
stress and biologieal error (ef Madawar 1952)  Amyv mjury
wlich lewes any physical trice 1 an actuarn! debt and will
add to the hhchhood of dyving A smgle cxample will tllus
trate the distinction wlnch may be drawn between deteriora
tron of e nud of merely contingent orn the formation
of ectopie flosure Tines or creases i the shin, which (i the
efforts mde to conceal them are any thing to go by ) arc among
the mast nracteristic and rednble aigns of the detenoration
assocnited with mcre wing aze
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Ectopie flexure lines form on those parts of the body whert
the shan 1s babatually ereased or folded prticul awhy on the
fice A smgle creasing of the shin 15 menfhoent to form an
overt flexure hine but presurnably even one erevang leaves
some trace 1 the dermal fibrous sheleton beetuse 1l the shin
\s creased suffictently often a flexure line will cventualhy
appear  Ofd people hane aequired lined {aces for two clearly
distinguishatle reasons {a) because an innate detenioration
of therr skan has made 1t more susceptible to the engravery of
hatitual usage nd (b) because they have smiled or frowned
or raised therr ey ebrows more often than their jumots There
can be little doubt that the first factor the true nnate*
detetioration of the shin by far outweighs the Iatter, and
that 1l represents the process which most people understand
by sene change but both agenties are at work the per
sistent and cumulative effects of recurrent stress and the
progressive declme of power of the shin to resist its action

This 15 a trnal example but it would be wdie to deny that
purely contingent factors mfluence the vulnerability of
ammals particularly when Yhe organ or part of the bods that
1 affected 1s constitutionnlly meapable of repur  For aluher
smmal to fose a imb may not m itself be fatal but if 1t doesy
s0 1t wall certataly be more vulnerable 16 the hazards which
Iimbs are normallv used to escape from It may be that the
actual hfe span of w1l earnivores 15 g closely bounded by the
l‘i)icc of thewr teefth as by any other single factar  Teeth man
- ::\“e“m‘o:e rapde with increasing a.e but whether they

15 quite certam that one good reason why an old

snmmal should have fewer sound tecth than a younZ ane s

LT e el o e
Ppottunity to break them

In short
;‘:}“5 :"\l;f-'nltmt“all of an all ot nothing charncter 1 arn
or
A
fe

of
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are not 1n themselyes mortal may build up a debt winelis due
to age, hecause 1t depends upon the passage of time, but
whuch 1 nof due, m the colloqmal sense, to “agemg™.

The two dlasses of agencies wluch contmbute to mcrease of
vulnerability need not be difheult to distmgsh by expen-
mental means, but m the actual records of mortahty the two
are mestricably combined  If we wish to use an actuanal
mensurement of seneseence, tlis 1s a real shortconing of
principle  Yet this confounding of two eauses of icrense of
vuinerability does not m any way defract from the brofogical
value of the use of the force of mortahty as a measure of
senescence, for both are real agencies that govern the popu-
lation dynamies of real commumnities of ammals It 1s up to
the physiologist and pathologist to distingush and keep
apart the contmibution to vulnerability that r made by a
true innate dechne

In summary, the actuarial defimtion of scneseence amounts
simply to this: that senescence 15 a change which accompanies
ageing and which makes an individual progressively more
liable to diec  (Such a defimtion may be challenged on many
grounds, but 1ts simplicity should not be one of them ) Senes-
cence may be menasured by the foree of mortahty estimated
from the age frequency dwstnibution of the medence of
death, but the measurement 1s vahd only of a genctieally
umiform population subjected to n constant pattern of hazards
tmpmgemg randomly upon at, and ts imperfeet 1 proportion
ns these conditions fall short of bemg fulfilled  Increase
of vulnernbility 1s caused partly by an mnate detenoration of
the body and partly by the accumulation of an actuarl
debt ns a result of recurrent exposure to mjuries that lewve a
persistent marh.  The separation of the hiter contribution
from the former should depend upon the context in which the
phenomenon of senescence 1s being stuched.
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SOML REMARKS ON THE PATHOLOGICAL
BASIS OF AGEING

G R Cymrron, b se, FLET, TS,

Departwent of Merlad  Anatomy, Uniersity College Hospital Medical School,
FLondon

Two years ago, two Swiss doctors, A. L. Vischer and F, C.
Roulet (19562) reported the death of two of their countrymen
at or near the age of one-hundred-and-two  Botlt of these old
people had led healthy active Iives, eseaping sentous llness
and remaummng free from any disabihty up to the end Death
came to the man as the result of gangrene of a himb after
mfluenza, the wonan faded out after the death of a daughter,
bronchopneumomma bemg the mmnediate cause of death
Careful muestigation of hodidy functions i both towards the
end of thor bves fatled to diselose any senous distusbance.
Basal metabolism, rccovery from fractures, plasma protems,
hemoglobin mdas, blood cell counts, blood pressureand pube
were within normal hnuts

Autopyy on the onc hundreed and two-year-old male dis-
closed generalized artersosclerosts, copectally severc n the
abdomuinal norta and Jower extrenntics, with thrombosis of
hoth funorad, popliteat and tibind arteries and of the accom-
panymg vems, gangrene of the ft foot, termmat broncho-
preunania and chronte pulmonary crophy sema, Other findings
wcludad a eareond tumour i the lower teum, regeneratson
nodules 1 the thyroxd, and glandubar and museudar merense
m the prostate

T he ofd lady, nlmost one-hundred-nnd two yearsolfage whon
she died, ~howed nt post mortem (xammnation enneer of the
lreast associatcd with eystie mastitis but no metastases,
cevere artcroscderosss of the norta, coronary disease with
abstruction, ealatication of the annulus fibrows of the heart

16
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and brown atrophy of the heart and fer  cholelithises and
a nodular gotre
To all mtents and purposes therefore these two old people
were healthy nght up to the termunal tllness yot ther bodies
were a collection of morbid processes ny one of which might
have flared up st anv time duning the last tharty years and
ended hfe
Ao doubt an extended search of the pathologieal literature
would bring to light further reports on extreme old age but
1 am not aware of such mnformation so 1 set towarh to vollect
datr from the antopsy records of Unneraty College Tospital
winch bear on the topic of ageng and these I now presentin
the hope that they wll mterest you
Qur records oter the vears 1904-1003 comprise 13 630
autapsies arong which are 1 872 on old people Examinations
were conducted by five pathologists who were, on oceasions
assisted by Jumors howeser 1t 1s safe to claim that autopsy
techmque has altered very bitle dunng the fifey years for
each of us with one exception has been tramed by lns prede
cessor  In many mstances muicroscopy on the most important
organs was performed and such reports have been avaihible
for study I am greatly indebted fo two of my research
colleagues 1 ULdall and b € Basu Mallh, who sorted out
the cases for me
] Reports on males from srxty five years onwardsand females
t;?:e s‘uenl) years onwards have heen serutimzed Since
¥ r‘n:: W:‘(Yy many more males than females (1 328 agamst
D ot : my remarhs will be confined to the former
) at once that all { have endeavoured to do s to
find out what was the pathologieal condition ble for
Z";ﬁcg‘iil:\et;nd death of the mtividual  In many wstanees,
e wnmediate cause of death was some terminal
?ltccssor) event such asan acute safection a severe hemorr.
age septicmmua or uremia It 1s therefare more corre { b
speak of morbidity rather th y! o
explain that our } on mortality T must first of all
avher Trom, m“: hospital 15 a teaching wnstitution and 1
s ersations wath our senor chnierns that the
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policy for many years has been to admit as vaned o type of
patient as 1s possible from the population that closely sur
rounds us  Of course there will have been some seleetion and
no one would dare eluim that our material represents a random
sample of the London or knghsh population  We have lnd
surgeons for instance, who for a time were especially mterested
1n some hinds of cancer for winch they were engaged m perfict
ing techmques for trentment  Lihewise we have attracted at
one time or another, heart cases or patients referred to a lung
or Iner speernhist  Caution must also be mamtamed m drawin
conclusions from our ageing eases for they have been adnutted
to our hospital because they were suffering from some faurh
obvious complamt  Agamst tlus ean be placed figures such
as those mven by Drs Trevor Howell and A P Piggot of
St Johns Hospital Battersea whose material was still less
hhely to be selected than ours These workers also gne
nformation collected by Dr G Stewart Smth m vamons
munieipal hospitals  Suffice 1t to say that there 1s reasonable
agreement 1 general between the results obtamed from the
three ndependent series  althou,h the classification awd
emphasis often differ

In Tables I and 11, I summanze the principal morbid con
dittons encountered during five yearly ntervals  In overy
instance 1 have earefully scrutinzed the autopsy records and
endearvoured to decide what condition dominated the com
plex pathological pattern at death  In practically evers case
1 have agreed with the considered opmion of the patholo st
responsible for autopsy  You will see from the tables that
70-80 per cent of deaths are included under the diagnoss of
cancer, arteriosclerosts urnary  disease  (espeaally  semle
cnlargement of the prostate and its complications) primary
lobar or bronchopneumonia and chronie peptic ulecration of
the stomach or duodenum  Tn both sones cancer and artens
sclerosts make up the majonts of morbid conditions  lahle
111 groups together the dommnant conditions i the total
groups 1t turns out from these Intter fipures that 0 3 por
cent of males die from cancer and .0 8 per eant die from
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artenoscleroms 31 per cent of femnles dse from eancer and
2% 4 per cent from artenosclerosts 1ot me repeat onee agam
that these patholome Al states wmoTy opunon were the cwne

Tablel

Toe Coxstowtr Morero Covpimiows Fouxo A3 Avrorsy 15 1,223 VIarrs
FROW 8xy FIVE 1 £ARS ONWAnDR

1 erventage and 1012] £ases

1ge Croupy
ortad Cond on

Unnary d sense

Gastne snd duodenal
ulcerat on

Pneumon a

Total cases in groups I 85

Table Il

Tur Comyonrn Morsip CovnITions FOUND AT AUTOPSY 1¥ 543 Teatares
FROM SFVENTY S EABS ONWARDS

f eroratages i total cases

¥

Hard d Condt o Azel e
hasd T8-% #1-85 l
e F N TS RTIVR NP
Arterugscleross o n% 8% n %
Y neumonia H i a a

Totaf cases 1n groups

2 152 I 73 l “

af dtclhnc and often of death of the subjeets but that fre
quently enough an acute complicat
Qe enoug plication was the wmmediate
But some of these figures are my
m sleading for all who have
examined the osgans of aged persons must have been struch
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by the frequent assoctation of a numbcr of morbid conditions
In an attempt to 1ssess this association I have re examined
with cire, reports on 100 ageing male subjects fromsnty five
years upwards suftering from cancer and compared them with
autopsy reports on 100 subjects dying from eauses other than
cancer  All of these autopsies were performed by myself at
University College Hospital durmg the years 1935-39 and

Table IN

Lin Coyyont g Mornin Conmmions 1ooNn 1N Acrve Man s (seeny T
Yans ONwaRrDs) AND T EMALES (SUvENry Y1 ans ONw arns)

Lctal numbers

Vb ICor it v Vales Te ey 111
Tumours  mosthy cancers 55% 178 13
Artenioselerosis 277 140 24
Digestive disease 162 ~ -6
Respir itory 10 ‘. 18
Urinary 108 11 -2
Nervous 11 3 17

—
Total ¢ wwes mn 381 e

T talvu berofs tectninvestipate | 1472

1946 and 1947 Table IV gives the results Without attempt
mg to draw any quantitative comparisons I feel surc you will
agree that the cancer eases show a very high madence of
coronary, nortic and renal arteriosclerasts m other wordsy of
penerahized arterml discase  Stlirly - the non canecrous
agemy subjects arc very frequently affectad with gencerahized
arteriosclerosis T hclies thatat 1s safe to condlude that canecr
and arteriosclerosis are common morbid condibions in ngong
persons and that they very frequently go tozcther

1 have hhewise fooked into eases of chiromic urmary discase
peptic uleeration and bronchopneumoma and 1 have found
with these, too that scvere arteriosclerosis s vary common
Sinee 1t 1s mineh more difficalt to collect adequate nunbrs
for analysis than with eancer, T have not attempted to present
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figures, but 1 can assure you that my conclusion seems
definite enough i

Fanally, T e you 1n Tables ¥ and VI some dctatls about
the commonah pes of cancer ou the one hand and the distrie

“Table Iy

ARFERIOSCLEROSTS 3N CANCER AND Nov CANCER VALE CasEs

100 Caner Laser | g him Cacer
e tan e 484 €185
Heart wewl t {2 ) range 210-u7h 210 433
Coronary desease
Normal 8 ]
Shght 42 .2
Moderate 2, o7
2, N
Comy lete obstruction 7 26
Aortie
Normat 3 o
S bt 2§ 28
Voderate 83 33
e a1 H
Repal
Norua) a3 n
shght 32 e
Moderate 2 a2
evere 8 5
Pyelonephnins 4 7
Cerebral
Normal a3
Shyh -5 n
Moderate 5 16
~ s 12
Mot examined 43 o3
———

bution of arterioscleroms X
on the other  You wilt notice how
CeRAN sites are gften iy

piched out by cancer,

rectum and Jung I might sa
1Ba long one,

stomach wsophagus,

especially
list of possible sites

Yy that the
and the rarer examples are
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not included.  So, too, with arlcriosclerosis there iv g pre-
donunance of certmn types, espectally coronary and the
generabzed type with ity assocuated congestnie eandiie
faulure.

Table ¥V
Typra OF LANCER AT Dibrt i Nt ors 1y Vil s
Tupe of Cancer Iee tiroups
asw | oix T0-k0 | ALAS | Ane
Stomch 43 2 15 3 1
Lamng a8 a7 13 4 0
Rectum 235 7 5 o+ ]
sophagns 33 17 H 2 [
tolon P 8 bE i 1
Bhdder 14 4 N 2 o
Pharyns 3 3 i 1 "
Laryan il & a 1 0
Prostate 10 1 " 2 "
Sotat eaves 247 150 Tt 22 2
Table VI
Iaies of \ereRioscir rosts AT Diepr reNT Mobe oy Manes
Total numbers

Typer s o "y 70 80 LIe ] L

Caronary disense o @ a8 T %
Generulized \S wath (L1 a8 23 " + o
Cerebral thrombosis [ § u [ 0
Cerchral hemorrhage 16 B Y 3
Sncuryen ncluding sy philes i 3 1 H H
Total 7 52 53 2 14

From all such seruties—and T must emsphasize that both
nnhed-eye and mueroscopie exammnations hmve been employcd
in the vast majonty of cases~—I have reached the following
conclusion.  In every nstanee of agemg one or more well
defined chronic morhid conditten enn be found at work
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1n 5 number of orgams  Expenience has taught us that these

ate serious processes capable enongh of bringing about th.c

death of affected indiduals at any age. In many eases, st is

true, equally senous acute, hlling diseases are also present
but they are of short durstion and are merely complications.

1 hate yet to encounter an nstance where a clear-vut patho-
logical basts could not be found snd, moreayer, one which had
obviously progressed and become more dangerous as age
adianced 1 cannot exclude the possibility that cases may be
met with m which morbidity 15 not very obyvious, but I feel

more and more certmn with mcreasing expemence that

Tigorous mvestigation ivanably brngs to hight pathological

egunalents for agemg {1 doubt very much whether there are

speeific structural disturbinees due to old age, and that alone.)
I hold the view that ageing 1s merely the vector sum of a

7 number of morind processes most of which take a time to

develap, and often o long time to teach a senous chmax.

Hany of these commence when we are young, pethaps even

when we are born, and nsidionsly develop throughout the

greatet part of our active hves  The remedy lor ageing must

needs be sought for 1n youth  Death, then, constitutes one

means of stappung the progress of morbidity  With Montaigne

Y bchieve that *Death 1s but an end to dying”,
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that thrs w s a dngerous generalization Surcly reguhie usaze is one of
the frtares of our physicf trumng and attamment of eflicieney ¥

mdividul belongs to the group wluch will die under the 50 per cent
probability of twer ¢ N . !
which surinie to e
colomv A measur " .
standing One w 1y we tried was by studving the adaptation eapacity of
an mdinidunl to low atmospherie pressure It turned out that ther are
some rts which adapt very well, wlile others, even at the age of tuehe
or fourtcen months do not It nught be possible that with <uch an
activaty mensurement we e differentiate between those mdniduahy
which are hologially old and others which are bialogieally still young
T should lIike to ash whether Prof Med wwar thinhs that such o method
would lead to a messurement of tdn idunl hological nge®

L
1o . o
~o to adapt the anmml to the tow pressure It sounds o simple and
neat method of measuring what 1s obviously a profoundy nuport int
hiologic it funetion

Cortdry Tam very muchinterested in both Prof Mcdawar s and Prof
Cameron s presentations and I think they afford an admieble bk
ground for amv discussion on Just what agang s IS my impression
tht we all agree that every tissue and almost every cell ages differently
from the next one that we are really o medley of different ropheements
and diffcrent ages that there are many Wistologienl tests for ageing as
well as functional ones that the test of porformance 1s really as good as,
or better than, the test of yvulnerability T am unpressed, of course with
the statements of Prof (amicron about cancer and arterioscloroms atd
the pattern that s prosented 1o these numersus autopsies here in
London  What strikes me is the probabihity that the patteen would be
altogether different in some other countnies I hnow that the cancer
pittern shows geographical diffinunces for instance, intra oral cancers
in Bomby are very numerous indecd, and m Jopan gastric cancers
exeeed all the other death deiling cancers  Arteriosclerosia is rather
conspieuous in Lngland and in the United States, and is very much fess
s0 n certain Onental mees, and these two major varables change the
whole prcture or spectrum of age changs, it seema to e When we
were discussing the orgamzatfon of our book on problems of ngeing the
first question that we were ashed to come to some agreement about way

what 1 to be regranded as norm iland what as pathological? We couldn't
T s st s o flad to use the

- wornation
. . whether it
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18 ofindividuals or of cells, Now, as Prof Medawar has pointed out, you
can't get a sumlar population of human beings because their wndividual
Teredaty 15 all different and the races are different, Ve can standwrdwze

me it settles down with digmty, but 1f you take a young hand and do it,
1t snaps back, There, ladies and gentiemen, 1s one of the best histo-
famm A et a8

much troubled by the severe mental disease of her daughter, wis

::_y.;m.:u:m:: Lew years ago Visited all 12 centenanans whe n that sear

Lansing T was v
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wonder whether the artenosclerosis ease refers to the eghty five-year
old individual, the rather rre enncer case at that age, or Whether that
refers to the iwndividunl of sisty five who 15 one of the 43 per cent who
had eancer s There may ‘be a s)ulft myaur population  But stilf further,
[ Y PR O S Py P U |

. . f " . "
shght or at least moderate arteriosclerosts  There are no tumours, he
lung changes, no gross liser changes, the prostates are normal,
and so on My question is—does that rare indinidual die of what T think
of as ageing® Daes hie exist at all in England?
~ B . a

R . . P TN

e, N ' )

- \ . . . Y
cancer takes so many years to develop—you reack an age swhen all 1
« ineer fias developed which 1s thely to devefop  Hut your explinttion
may be better than nune

Lansing T had no explanation, I Just raised the quesion  But
wouldn't the same then hold for arterioselerosis, which has a heayvs toll
fn mudhfe?

Cameron I dont feel happy about arterioscleroas, about how long
it takes to produce tt - But cancer, I feel, from the experimental work
and so on 1s a thing where there 1s a time Iinit

Lansing Do vou ever find that rare smdivadmal the 1 in 100 wathout
pathologica! findings”?

Cameron Id san that in 1 1000 one may ful to find them

Lanwing 1 beheve Dr Condrs, vou hitd & case some years ago¥

Cotdry T didnt have the case, but there was a fndy who died In
Barnes Hospital aged one hundred and thirteen or thercabouts who wis
verny agile and apparently 1 good health until Just before she died
‘Lhiere were certain police records  she was arrested for practising
medicine without o heence in Kan<as (ity aged ninets fhe  The
charges howeser, were not preferred and she was let off  She was
thrown from & horee and hiched 1n the mouth when she wae nincty
something  Lhere are o great many detalls  We have nunicrous eases
of this remarhable phenamenon —some foew people growlng to extrenie
old age vers gracefully and almost immune to the mvages of time  Of

. P ctha af tha neematynls aged person and

Iactor  There s also

$lssue fluids ns well as

. . cathe  The question of
. . Jee i studies could now

be made using radioactive JsoLopes, 16wt the mte of turnover of
these substances with age. It should be pousible to secure quantitative
data on the agelng of n considerable number of tiswues Without too
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preat dulficulty  1hen we d have to resort to statotical analysis tak e
sav 1000 people of different ages, levelling it off by elnmating indi
dual vanations  There mught nat be as great indindual vanations as ne
think in this tamover

Beull The main autlooks which fiave been pronounced here thus
afternoon about ageing are {1) compensation and (2) adaptabihty We
know that we ¢an lose a great deal of our man tissues and still com
pensate with what s feft of them We stress too much the lesions we

Ao e P .

Cowdry Y ou could put 1t 1n s word couldn’t you, by saving that i
. t &
thc, abihty u: mamtam steady states 1o the tissue gmu);m-hoiwostml:
FrEV IR S

Cottot e Byewe s — ks
MeCay NOUUH thes wprs come 19 70 :

the epipliyses do
10 1he bones
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retarded then the whole pathology seems to be pushed fir out mto an
Other time arca where it docsn’t occur until the mt shoukd theoreticalh
De dc vl And, of course, we need such teats as those Prof Versie his
Just descnbied, st’s extremels important thit we hiyve some me e of
. P S . P

Sehtdze Twould Uthe to stross that gt s most yaluabk to pu attention
to the connection between promorlsd functional conditions in the
arteries and the development of morpholoncl (hianges i arterto
selerosts of man and to triee out s connecthion About thrts yetreage
Burgcr proved that i the progress of agang o stewdihy mcreany
deposition of ormnie and norg e catabolites takes plec mn the
s0 called ¢ brwdy trophie tissucs slucl ive no or only a shght cgntlin
suppfy and are noutshed predommantly by diffusion Ty was nl;n:

degree of artenoscerotic dhinges i hunon yessels a8 not adentical on
both sdes of the body — 1here ts some differtnee to be found hetween the
right and the left side ane * -t
a rersonably higher cont . '
thar vessels on the right
there are markhcd and apparently systematie diffcroneds i the bio
chemical composition of arteriosedorotic stsse s hotween the ans and
the legs  Inmy opiion these facts are likedy to demonstrate a close
rehitionship between functional wsting proccsses and the nendence of
arteriosdlerotic changes 4 Ins dest should be borne i mind in further
rescarch work on the pathofoness of human artcrioscdorons

Comfort T want 1o ruse the question whither sontseenee of the
endogenous type occtrs e all sertebmtes Tts a problem which |I|:

v e ae a0

hterature docsn t seet
and I dwelcome any . . N .

remember that some . . - . 2
anzzosted that fish wlach pover oase 10 grow throughont Dl don't
exlulnt or wouldn't xlubit of tt were possible to construct thee hifke
talle the same sort of incrcase in the foree of mortahity with increasing
age which you find i mammals There ofe twa distinet problems here
There s the group of senescent effects duc wholly to secumulation of
snijaries which Prof Medawar mentioned and thore ps the Tred 1133 it by
virtually impossible to devise direet expertinents by which the foree of
mortalty tn these 1ong ived cold Viooded anmnls can mmm\‘ ]
v ! B . . . .
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retirded then the whole pathology seems to be pushed fir out into an
other time area where 1t doesn’t occur until the it should thearetieally
be dead  And, of course, we need such tosts as those I'rof Verzar his
Just desenibed, 1t’s extremely important that we have some means of
me wsuring this potentiil towards long Ife and rosistance to patholonal
changes so that we can go baek into the genetres  We need enterny for
ammls that are gomg to hive for vy long periods

Schulze Twonld ike to stress that it i most valuable to pa atiention
to the connection hetween premorbid functional condittons in the
arteries and the development of morphological <luinges i arteno-
stlerosis of man, and to traec out this connection About thirty vearsago
Burger proved thit mn the progress of agang s steadihy nerewsing
deposition of organte and inorgime Oitabohites takes phiee in the
s0 ¢ Mled * brady troplue tissues  winch have no or only ashght capillas
supphy and arc nourished predomuinintly by diffusion His was alwe
proted for the mner Divers of the aortic wall - Combimng these eareful
anlyses of the hioche muc 1l structure of the artornl walls De Hevelhe, n
colleague of nune at Prof Burger s dite recenths ponted out that the
degree of arterioselirotic chianges 1 husin vess s not wdente ilon

both sides of the hody  There i some difference to be found between the
’ " wed men e

- n the walls of
- . . Additronadly
there are marked and apparently systematic differences in the b
chiemieal composition of arteriosclerotic vesscls hetween the anns and
the g Tnomy opinon these facts are hhely to demonstrate n lose
relationship botween function ] wastg processes and the incudence of
arteriosderotic Cnges s wdea should be borne m nnd in further
resewrch work on the pathozoess of Inunan arterioscloross
Comfort T want to rane the question whether scneseence of the
endogenous tape occurs 1 all vertebrates It s a problem which the
Iiternture doesn t secm vers explicit about T yve beentrvng to tined out
and I'd wdlcome any suzzestions that anvone here s tooffer Youmay
remember that some vears oo Bidder (Hrt med ] 1032 2 58Y)
suzpested that fish which never cense to grow throughout e dont
exhilnt or wouldn t exhubit if it were possible to construct ther hie
. . . e Pl e s o .

.. - . .
tortowse of the Quecn of Tongn which iy nllegud to be very old and uhi: h
EAR P S PPV TR I
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Frankhin T should hke to suggest for consideration later that o
definstion of senescence i3 4 dectease with time 10 the phvsiolomeal
reserves of bissue and 10 the physiolomical eapacity to mereise the
nurmber of ceils
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retarded agun and hept tn a state of suspended development, or was it
all er none*

McCay Txe pever et them first become sesnally matun and then
stopped thems Youd ereate another vanble there, the varible of
body -weight and adipose trvsue We have taken rats half throngh hic
and then forced them to become very thin and aguin, * the thin rat pocs
to the funeral of the fit rat”

Comfort That was o rather separate effeet, wasn t it?

McCay Yes, that’s n separate effect that you run wnto s soon as you
try that type of experiment beyond sesual matunty

Comfort T bave n medical bins here because while it would be nice to
keep patients in an arrested state as chuldren as you hept vour rats
children, the real medical problem 1s to prolong the periad of adult
vigour  And although, I suppose, restriction of diet is henefieal, you
have no evidence so far that one ean bring about the same slowing donn
of the record tn adult rats that one ean in young ones

Olbrich Dr McCay, did y ou measure nny type of function, say hver
function, in your retarded rats for a prolenged period and correlate it
with the time?

MeCay No, I never did  In our hands rats are dillicnlt for functional
measurements and wed always hoped we could get dogs where we coukd
mahe functional measurements

aoaa Y RN )

the rat, and we hope Prof \erzdr s functional tests continue to develop
and we'll apply them to the retarded rats

Krohn lave you any notion nbout what is happening that prevents
actual maturation of the reproductive tract? Is there any particuhw
reason why the gonadotrophins should fail to be produced in your own
animals?

McCay Mo We ve becn trving to find out how fite in bfc the rat can
reproduce  Asdell made initnl studies on the astruy cvade a long while
ago, but now we are actunlly trving to brecd them very §ate in fife ofter
they "ve long been retarded Ve are using those same mts for certmn
types of peycholagicat testing at prewnt Were alwo hoping to tise
parabiosis, and suture o retarded mt to n mt that 6 growing okl

Lansing There have heen a number of studies an lower ofranisms
which show that retandation through dictary contrcd js effeetive «ify
prior to maturation during the peniod of growth .I.n the .llml M’f.""'l

. . )
- t
'

extension of the growtl period will result in a 10 of L0 1 LUK
hfe-span
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Framklin 1 should hke to sugeest for consideration later that a
defimition of senescence 15 a decrease with time 1 the phymolopeal
resenves of tissue and in the physialogieal apacity to merease the
vumber of cells
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Avnery Lrwis, un, FreoP
Imtitute of Psyed sty Maudsley Hospital Lond n

AGEMG 15 a stage n the total process of growth and deeas,
and 1t might be expected that its meutal aspeets ke those of
childhood, would cover most of psichology, sinet are 1 a
variable that can bardly ever be left out of account m am
psy chologieal inquiry  But there 1s no such extensi e Iiterature
about the latter end of hfe as there 1s about the earlier  Tor
this there are obvious sentimental, socm! and tedhnal
reasons In spite of the relatively meagre data it 1s not eaws
to survey the present stage of knowledge beeanse it rcflects
changing theories and methods n regard to such fund unental
matters as learning and personahty

Anv general question as to the essential natuee of agan?

does not admt of a psychologreal answer the question 1s 2
brological one and concerns the whole organism rither than
onls 1ts psyehologieal aspeet  Ishall therefore hnut myself to
constdermg some questions about the manncr m which we
age mentally  Chiefly these are Is there a diflerentil rate
and degree of dechne in psyehologieal abihtics which may
permt reorgantsation and even gn Just as it mav cntml
disorganiation and deeanv?  What arc the chareterstics
which distinguish healthy agemng from pathologiaal agang?
Are they diffirences only of degrec? Arc some mental chanes
of age compensatory and adaptine®  What v the physcal
substrate of mental ageing? Iow far do socnd and cultural
mfluences affcet the agemg mdinadund ather By hstonng
and agzrvyating Ins handicaps or by allowang rodjustments
and opportumtics that surt lam?

Refore scemg what ean he «ard in reply to these questions 1
should ke tolook bmcdly at a conecpt which crops upalmost as

2
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often a5 adaptaton orstress Thoss the concept of regressian
1t woul § e mare correct to say the concepts for behuind tins
word there are evidently several metnugs when it 1s applied
to agemg  The simplest 15 that ongially groen it by Rebot
when he introduced the term to denote the retention 10
smemory of tle carliest perception and expenences wherens
ather memories are lost 1 the rex erse order of thewr acquist
tion this 15 bused on crude and on the whole erroneous
observations but 1s at any rate a defined and approprate
we of the word  Another commoner meaning refers ta the
way tn which when a man 1s confronted with  harsh expen
ences difficult or impossible to adjust to his personality
y wwte or reorpsses to carlier levels of mtegration 1t has the

features of the personality nor how 1ar vath it ju

personality A third meaming of the term by no means open

to these objections is perhaps open to others of & more
b hoanalyt andsce of the term

t
of sy so mamy senesceny people pay excessive attention

to ttar bovels  the more the gemtal zane retures wto the
¥ach, round as a source of pleasure the more many wndividuals
turn back to oral and anal erotisma  as n mfancy Yet
snothes meanng of regression 1s that which hurt Lewin gave
it e regueded vanous sorts of disorganisation snd Teduction
of the field of activity as Tegressive, pomting out that the
Mitterns of behaviour observable in scmht) o: imprisonment

strongly indicate that the different aspects of regression are
to a certan degree independent of each other  The term has
et other meantngs i tins context Spielmeyer used 1t for
mtince to desenbe the arterial changes 1y senzle bratns
ard of mursre w (uc‘rmnnnpsyt)uatry late middle hife 15 called

T4 w3

LR
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But st may be saxd that beneath this variety there 1s one com
mon notion, and an mmportant one—that the azany man
( reverts to the psychologenl wavs of Ins earlier e Thus v a
very anetent and fanubiar tdar Anstophnes wrote that old
men are boys agun, and no doubt 1t goes much further back
than that But the sccond cluldhood view of old age darves
too obviously from some superficinl features of semle dementn
0ld men, 1t 1s true may become self centred greedy, boastful
prone to taptrums sulhy and m other ways ¢ childish”, as we
say but I see no more reason for equating this behav our with
the corresponding behaviour of a v oung ehild than for equating
an old man s tottering gut with a youngster s toddle, or an
old man s urmary mncontinence with a baby s bedwetting It
15 a purely descriptive simularity  wlhereas the concept of
‘regression  amplies essential adentity Unlike Hughlings
Jackson s prineiple of dissolution of function towlich it hasa
deceptrve aflintts 1t nerther cxplans nor describes
The psychornals tical use of the teem hosever cannot be
entreised on these grounds  Granted the psychosnalytieal
theory, regression docs i part describic the psychopatholoy
of many of the emotional changes and morbid heheds of the
seneseent or semile pitent It s almost enbirely however a
matter of mference nnd analon very fow dderly people hase
had an actual psvchomalysis And it fasls us as do so mamy
concepts based on study of the abnormal, if we wish to ac
count for the constructive readyustments which often appear
m Inter Iife, i spate of reducad capiaty an some respeets
‘Lhe first general question and the most difhicnlt s to dis
tinguish the antnnsic or normal psscholoncl accompam
ments of chironolonaal agang from those that arce morind
The problams e tins arc ot dilfcrent from those we mect
when we tey to distingush between phivsiolosieal and pathe
Joaed) agemg but 1 think they are ancomparably more
difticult to solve  Apart from the common troub le m dehnm ¢
auy essential distinction batween posmal and morbid - we
have very hittle ground for corrd thinge mental wath structuea)
changes, we cannot polate mental functions roadily, and
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mamy of the most Important we cannot measwre, study ug
ammab Gikes us only o bttle wa, antd we (ot contro
“ome 8 wnbles whicl are probahly powerful mﬂucn(cs‘upun
the rate and sigis of mental agemyr m T bengs  Conse-
quently we are deprived of many of the methods which are
avalable for separating pathological from normal n the
somatic fentures of old age

1t mught be sad that these Qifficulties can evidently be
osercome, since they have heen overcome at the other end of
tfe Tosome cxtent that s true  We hnow a great deal about
wental changes w chiidren as they develop, but 1 them also
the difficulty of teling what 15 pathologieal may arse m
matters of emotion and behaiour, as the expenence of every

chld gudance elime attests  In any case agemg 3s spread

over a longer penod than childhood 15, 1ts tiring and form
are probably less orduned m advance by heredity, and the
strong environmental influences that may play upon 1t are
harder to control for purposes of mvestipation  Hence the
areater obstrcles 10 studving 1ts norma) character

1f we could refate the normal mental charactensties of old
re to structural changes in the ageing bram, we might be
better off This we cannot do Such changes nccur. of course,

but bave been very ttle studied in the normal  The only
thorough examination of marat 1 ?

uneumpheded by deme
cumied out on 50 bramny ™7

end 5o fir as the relating of cellular to psychological phen-
omend pocs  Thus, spethang of semle rlaques, he says,

Manchen andern Autoren besstimemend, honnen wir als
unsere Aullassung aussprechen dass diese Gebilde, ob micht
oder ab o grossen Mengen « othrnden, durchaus heine sichere

Aussaze uber den vorhergehenden pscluschen Zustand des
Pavienten erlauben  Sumidarly Oskar

1941 compared the ramute structure of the thalamus m the
brams of four distingurshed old sehiolars who had preserved
thew wtellectun) faculties till tieir death with those of mey,
who had died w sentle dementia they concluded that 2)1:3

and Cecle Vogt in
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mvolutional process m the thalamus (consisting chielly of
nerse cell degencration and death m the contro medin
nucleus) s the sime v normal old men with ummparred
mtelleet 15 an semle dements  This docs not preclude a
relation between the normal mental deteroration of old age
and the plaques, neurofibrillary thichcninzand other ehn, es
seen m agemng brauns but it makes 1t dubious and ecrtamly
does not help in diseniminating normal from pitholo_ie1l
mental changes

It has similarly been impossible so far to Iink the kind and
degree of mvolutional mental changes to either cerebral
arterio venous oxygen diffcrence or to the electro encephelo
gram or to endocrine findings  Imeus and s collcagues at
Worcester have grven us data about Iimited stress responses
which show no falling off with age in healthy men and I hope
Dr Irceman will further slluminate this matter in lus paper

Lp to now however purely psychologeal methods of
assessiy what 15 nermal have been uncheehed by referenec
to the matenal bisis or accomp intments of the functions i
question

Most of the detailed information about normal psycholo, il
agang has reard to cogmbtion  Intelh cnce  perecption
memory  mental dhicieney and spoed have been measureed
and the rosnlts indieate o dechine bt s truc i mtdlectunl
powers but onc that s not untform nor cortam nor preduct
able  On the analoy of phyacal functions this 1s what one
would (ypect allometric growth and  allomctric  dechine
m come npe old age and m othars pramature samlity no
tohens of rymd deeay to come no guarintee agamst it There
s however very hittle caaet mformation about how any
indiadunt nyes mentaliv the data we have arc demved from
anahvsing the scorcs abtained by sample papulitions contam
g more or Joss adcquate numbers of people of Gifornt age
groups  thus micthod wlich has been so frmtfied in de ternmn
tng the mental growth of children has lad to rither doubtfut
conclustons when apphed to ageing adults  Sumples have
} een small or biased and 1t has not been safc to assame that
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the measuring mnstrument Was measuring the same abilities
at\(:‘}?:;:egze:ﬂ;clme begin? Earher work seemed to show
that the average scores obtaned on mtelligence tests dimin-
wshed at an creasing rate from the third decade enwards
But this 15 now questionable  Patnich Slater, on a camfu\l;:,
selected and stratified sample of 2,500 men aged 18 to 42,
found no evidence of an ncreased rate of dechne from tharty
onwards  Vincent, more recently, examuned the scores of
7,207 subjects on a verbal mtelligence test and found that
fetween the ages of tnenty and sty the mean seore declined
steadily, showing a inear regression  The annual decline of
the mean score was found to be lihewise constant when other
tests had been used 1t was between +026 and 030 of the
standard deviation of the test Such a finding, though
mportant, 15 less valuable than one which would establish
whether the annual dechne i anindividual 15 related to the
maximal level attamed, say, at sixteen or twenty, orto the
rite of increment during the earlier years of hie  As far as
§ Lnow there 15 1o evidence at all on these points

% score on an mtelligence test 15 a crude summation  1If,
ay scemns to be the case, the dechne of some abiliies 15 more
r1prd than that of others, the decrement will be small on some
subtests and targe on others The obihties least affected have
been those d with vocabulary snd
while most rapid decline was evident m the ability to deduce
relitony and adapt to tew situations A mean total score
would coneeal these differences, as well as the differences

between mdinidunls The long dispute about a general factor
and speainl factors 15 relevant to ths Balinsky, using
Thurstone’s method of factor analysis and mtercorrelating
seores o subtests of the Y echsler Bellevue Scale at dyfferent
ues conciuded that mental org

anisahion changes over a span

ofvears Trom cluldhood onuards there 1 spec‘i‘xl
4

nation and then later the vanous speent atulities are nte

ated o 1 fioabte whol,

but sith subsequent changes i
the relative extent to which p 3 No

spevaal abibhes are utiized  No
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myolutional process in the thalamus (consisting chiefly of
nerve cell degeneration and death i the centro median
nucleus) 1s the same i normal old men with ummpured
mtellect 15 m senile dements  This does not preclude «
relation between the normal mental detertoration of old age
and the plaques, neurefibrillary threkentng and other changes
seen m agemg brams but 1t makes 1t dubious and certamly
does not help m discnmnating normal from pathologieal
mental changes

It has simlarly been impossible so far to hink the kind and
degree of mvolutional mental changes to either cerebral
arteno venous oxygen difference or to the electro encephelo
gram or to endocnine findings Pincus and s colleagues at
Worcester have gnven us data about himurted stress responses
which show no falling off with age in healthy men and I hope
Dr Treeman will further illummate tlus matter m lus paper

Up to now however, purely peychologieal methods of
assessing what 1s normal have been unchicched by reference
to the material basts or accompamments of the functions
question

Most of the detatled information about normal psychologieal
ageing has regard to cognition  Intellence perecption
memory mental eflicieney and speed have been measued
and the results indicate a dechine 1t 1s true 1n intellectual
powers but one that 1s not uniform neor certun nor predict
able On the analogy of physteal functions this 15 what one
would capect allometric growth and allometrie declme
i some npe old age and m others premature semhty no
tokens of rymd decay ta come no guirantee agaunsttt  Lhere
15 however very little exact mformation about how any
ndividual ages mentally the data we have are dernved from
analysing, the scores obtained by sample populations contamn
ing more or less adequate numbers of people of different age
groups This method which has been so fruitful mn deternun
ng the mental growth of children has led to rather doubtful
conclustons when apphed to ageing adults  Sumples hasve
} een small or biased and 1t has not been safe to assume that
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e or any
}m?\c, \: elcmm;t \e“, \\E\’e“\ﬂ a low *s?;ea(:,“o:\mml(; lm:!
s n o b
at:lucwmcnt o, on the other hand, a gross Talling off from &
presiousls fugh attwnment 1€ 19 frus that we atterapt 1o
distinguish hetween these by devices w fuch assume that some
afuhities (cspectally <ocabulary] are afmost wholly yetamed
while others decline, we therefore detect and measure the
dochine 1 terms of this dispanty  But such devices are, m
practice, weak they hardly do justice to the individual differ-
cnices in constancy or othernise of 1 ocabulary and information
as people grow older, and they cannot tell us at what rate
declne has aceurred, of wafl oceur in the future Vloreover, the
dechine must be farly gross to be detected with confidence
1t tag been ueped that the degree of dechine in any wdiv-
dual 15 inversely related to the optimal Jevel of mtelhgence
the more stupid he 15, the faster he will become stupider sti}
as i grows old of he 1s brrht he wil semain brght  These
findin g bespeak an academme hias Tt 35 true that m 43
lnncml) profesiors, aged sixty to cighty, evachng tests
showed oo tnambnguous evidence of declne bt perhaps 43
mnual {1bourers aged sixty to eighty who had hyed satisfy-
0 and healthy hves would olso show no unambiguvus eviv
denee of decline fram thew more modest level of m!elhgence.
Voresner t ald people so many aflowanges must be ruade for
seary and motor defects and unfarmbanty with test
procedures that assertions about the more rapid deehne of

witcdhzence 1 the less intelhgent must be serutimzed very
inticalhy

Un the question of deterioriwn 1n thy Iughly mtelhpent,
however we ean profit by the pamstaking labours of !I;ney
Ve Bumading lumsell to the relationship between
chronolugical age and qutstandine « 1

mediame pinlosoph

w alt of these the soaw Latt worh
had wccurred before the age of Corty, fiut that there are man
Histanecsof (e piona) powers retaimed mto the eighth decad)é
EhiC Ve, for example, composed Ofefip at s»; enty three
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matter how the factors are named or interpreted it 15 cvident
from Balmsky s data that the same tests measure different
abiltics 1 the adult at different ages  Birren Bhewne Iy
factor analvsis of data obtuned from the Weelsler Bellevac
Seale wdnumstered to subjects between sty and seventy
years of age found that four fictors could be extrieted
from the intercorrelitions they were—erbal comprehension
closme  (non verbal orgimzation of vwual  pereeptunl
naternd} memory, and perhaps induction
The greater scores usually attamed on tests requirmy vert b}
comprehension depends mamly on the store of verbal m
formation retaned by areing persons while abthty to wequire
fresh mformation and face fresh  situations  dimmshes
It scems reasonable that the age of optimum learmng and
the age of masamum stored mformation are not comerdent
and do not correspond to the age of masimum scores on our
mtclligence tests It follows that o seale Iike the Wechakr
Bellevue needs to be doched of some atems and amplified with
some others 1f 1t 15 to cover the mental abilities of a v,
people and permut compinson of one elderly person with
another or with a stndard papulation of the same 1ge
It scems clear from the many studies of dechne m ntells
L thee moa ey people that 2 wide range of tests and a seres
of longitudinal studies of the same mdniduils e essentil
1f we are to make prozress A wide range of tests as called for
to cover the primary mental abibities as fully as possible
wd lenzitudinal studics are needed to allow for the very wide
mdunsdual diffarenees i optimal performance level and m
performance decrement as aze adyv wnces—andivadusl differ
ences which are submerged and undetectable when the men
scares of Lairre groups of people of different a,¢s are comprad
FHus Jast difliculty 15 a most sertous one  Lhie great success
of the familiar mcthods of assessing leved of mtedhienec
culdren of different a_es has ¢ wsed us to concentrite morc
on performance relatne to others of the vime a.e than on
rite and hind of change i th mdnadual - So lon s we are
1, norant of the performance Ioved of an mdoadu? an s
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and the tme when st was leatnt We are still some way
from betng able to measure effectis ¢ memory, 1t cannot ‘!’f
tahen for granted that “digit span”, “sentence repetition®’,
Sretention of Turhsh English vocabulary” and other such
tests, or the recogmtion of pictures, give a fur estimate
of anyone s capsesty to retam and reproduce what he has
percened, ot tried to learn  Moreover performance ot most
memory tests 1s mfluenced by intelligence and habit patterns
s companson of sn elderly group with a youthful group
can therefore be faflamous  Such groups bave usurlly been
matched on vocabulary score or socio econonue status,
nesther of which is a wholly safe criterion  Even so the more
telhigent of the ederly subjects do much better than the
rest, and those who have least need to orgamize therr hahits
in order to learn an ntellectual or a motor tash show least
defiest  The lestming process, {rom mitial perception to final
petformance 1s now being examined with such energy, m
relation to a complex theory, that retention 1n the human
subijeet at diflferent ages will perhaps soon be elumdated, but
for the present we cannot dissect the disability that the old
have in learmng unfamiliar tashs  Posubly this 1s to make
neeessity out of o virtue  Sir Fredene Bartlety wrote not so
jong ago that it 1s msufficient to collect analvse and stn 1

Mo A UL course )s what
has heen done by Welford and s colleagues at Cambridge

As Sir Tredenie will be speaking later on about ths, and
ahout remembermg T would only s1y now that the Cambndge
expenments have demenstrated the trouble which the elderly
Live 1n orgamsing new meoming data and pechaps also out

romg action  Whether tius accounts 1n part for the greater
slovness of the aged m performmg many intelicetual and

wolor operttions, and for their relatine ar total fadure sn
spreded tuhs 1 still doubtful

Compensatory tendeneres
iy enible n good leved of acliesement to be matainud (n
spite of impaired capabibties, so fong as the method and
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and Falstaff at seventy mne  Humboldt wrote the five
volumes of his Kosmos between the naes of seventy siv and
eghty e Gocthe composed the second part of Fautt
between seventy and eighty  Galileo at seventy four, Euler at
seventy two Laplaceatseventy fisewerestil mahing valuable
origmal contributions and there are many others It was
howet er, in the continuation of work wlich had occupred thewr
youth or therr prime that these old men were engnged and as
Lehman pomnts out, they chiefly assembled hnowledge or
completed an edifice they had been bulding all therr Inves
But although qualtties of the lighest order, such as are
essential for great screntific discoveries and the creation of
hterary and musical works of gemus dechne with advanang
years many of the requates for distinzuished work hawve
clearly been retamed It 1s not yet possible to define or to
measure these quahities to which we Jnve loose names such
as mental energy  or determination But, as Terman has
suggested, 1t 1s desieable that as full medieal and psy chologicnt
observations as possible should Le made of contrasting
groups of creative persons including (1) mdniduals whose
productivity declmed early and rapidly and (b) others who
have remuned preductne to a much later are  Such con
trasting groups ¢an be found m the faculty of amy large
Untiersity — An mmportant feature of the ehmeal approrch
would be the study of motivation m the indnyadu it and how
these are affected both by speeific influences of the immediate
cnvironment and by the large social and culturil tronds
charactenstie of the given time and place  The cifort of the
Guilford group at the Univeraty of Southern akformn to
develop tests of creatne tlunhing  may pernmt psychometrie
estimates more relevant to the contrast than exsting intel
gence tests

Qther measurements have been made notably of memory,
but these hmve not added much to the comimom obsery ition
that wemony declimes with advaneing vas that mhadunds
dffer widely e thus respeet and that m the cimd mdnadunt
the amount of decline varies with the sort of material learped
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and the time when 1t was learnt We are stdl some way
from being sble to measure effective memory, 3t cannot !f
taken for granted that “dimit span”, “sentence repetition”,
“retention of Turkish English vocabulary™ and other such
tests or the recogmtion of pictures, gne a farr estimate
of anyone’s capacity to retan and reproduce what he bas
percened, or tred to Jearn  Morcover performance on maost
memory tests 1s influenced by intetligence and habit patterns
» componson of an elderly group with a youthful group
ean therefore be fallacious  Such groups have usually been
matched on vocabulary score or socto economic status,
peither of which 1s a wholly safe enterton Even so the more
wtelligent of the elderly subjects do much better than the
rest, and those who have feast need to organize their habits
i order to learn an intellectual or a motor task show Jeast
defiat  The tearning process, from initial perception to final
performance, 15 now beng examined with such encrgy, wm
lition to a complex theory, that retention n the human
subjeet at different ages will perhaps soon be elucidated, but
for the present we cannot dissect the disability that the old
have m lewrning unfamibiar tashs  Possibly this s to make &
neceswity out of a virtue  Str Frederie Bartlett wrote not so
long ago that 1t 1s msuflictent to collect analyse and study
measures of stmple bodily or mental funetions carmed out 1
artifieal wsolation from all others, what 1s needed 1s to collect,
onalyse and study measures of skl Thes of course 15 what
bas been done by Welford and s colleagues at Cambnidge
A‘s Sir bredene will be spesking Tater on ahovt the o1
PN N

1 - s 1o omng data and perhaps also out’
romy acton Whether ttus accounts in part for the greater
slowness of the

azed w pecformang mans ntellectual and
moter operstions and Tor ther

relitine or total farure in
specded ke sy still doubtful Compensatory tendencies
W enable & good toved of athiey ement to be mamtamed 1n
it of wmpaired capabilities, so tong as the wethod ana
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timmng of the tash are under the ngemg persons control
Many studies have shown, howeser that the steady process
of slowmg 1n simple reactions and choice Teactions probably
begis 1 the late teens or early twenties

Personality and awarencss of defect may be as important 28
degree of defeet Whenan ciderly man uses a rither dhfferent
method from that of a younger man to carry out 1 p'xrhcul i
tash, beenuse he cm no longer command the eapaeities
requusite for the earher method he may not be aware that he
1s doing 30 or much less often hus new mcthod my be the
outeome of reflection md evpermment Porsonality factors
will affect Ins attitude to disabilities and his success m copng
with them  But on personality changes m the clderly we have
hittle systematic nformation Most of 1t comes from cross
sectional studics which cannot tell us whether a trut or con
stellation of truts 15 promunent m the clderly only whett the
same traits hayve been evident in them when they were » 0ty
It »» for cxample commonly held that elderly people become
more obstinate more self centred morc rigud and consersatn ©
but the oppovite qualities re s observed m many —undue
phaney gossipm,, curtosity s acillation and uncritieal aceept
ance these seem less to be the characteristies of 2J¢ than
underlined teitures of mdnadual personality M prosent
mauy of the charictorsties of old age ordmaniy undet
stood, are attnbutcd to the it rplan between the mdadunt
and hi social ensironment which moulds his personshty 8>
it mflucnees his aetnities and mtercsts put Iualimann>
reports of sencscent one-(gr tnans who have Ined thar lves
far apart suzest that too much werrht mn be goven to soct o
mfluences m detcrmmng personabity chan s woold g

Rorschach test results e bwen anterpreted as Jhowit,
i the agud reduced reoponsivencss to emotional stumult
mability to use mner resourecs, diflieulty 1w formmg satis
factory socml relationships and lessened mstmetual control
but thiese Hndings nre by 1o mens reguiarhy encountered
Dantel Sehusters old ontlemin of ont Lundred and =
yivadly atlustr e Hus  He pumdul a rich ami productie
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(Rorscliach) record whose varied content suggests an mdia
dual with o multipheity of mterests He 15 aggressive with a
strong drve for achiey ement, a drive that 18 accompanted by
good creatnve abihies Emotionaily he presents a pieture
of & bascally ntroverted individual who emotionally
stimuliting situations s capable of respondmg N A Warm
mature manner he depends upon Ins own tesources
Though he may almost appeat extrayerted fus somal con
tacts (he) actually maintamns these on a superfieinl level for
the most part with the exception of a few carefully selected
warm assoeiations  The nterpretation of a Rorschach
record 15 aiways open to question but m this instance 1 man
who was very ol wdeed farled to show the changes supposed
to be characteristic of the elderly

Other means of nquiry into the personality of the 1 gemg
tive been mterviews attitude questionnawres, and inven
tores  For the most part the populations studied were small
and dnersdy composed  The Clieago inquiry, however
showed m a large sample of elderly people a lessening of soeral
conticts satisfactions plans and zest  The limitations of
e senfe mquines about personahty ave great  They are
neccssartdy as a rule concerned with self reported behavour
anl with subjective accounts of happmess wornes and pre
octtipitions they tell more about what 1 pauticular somety
mposes upon elderly people of 4 particular socio-economic

tns and what effect nfirmuties can have upon condnct,
than about st ne shanea ¢

There are
2, of thety
«ften s am { wocbpues st adult
penstnility has o recogmisable struc

ture with unchanging
compnents What these components are, and how they can

I detected and thew mode of orgamsation clasaified, 1s still
«ontrosersial It v however generally agreed that when
ecrtun nthtudes and interests are steadily manfested o
vomitont way and eeenr often enouh with certam other
Mt e, we on tafer—d by x\pprupzm\c methods derns e—
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a single more fundamental factor which mamfests atself m
them, similarly we measure traits such as perseserition or
persistence, which represent an abstraction from several forms
of conduct or test response that evidently have a common
factor  To determine whether personalty changes with
advancing age and how 1t does so the surface manifest tions
of attitude and mterest have to be distingshed from the
underlying common factors wlich mahke up the bisie per
sonality As far as I know systematic studies of age changes
have been almost entirely concerned with the former no one
has applied to the findings the methods of statistical amilysis
which would reveal whether there are changes n the common
underlying charactenisties or in the way in which they are of
gamzed Ttas perhaps a vice in this predominantly statistieal
approach to the problems of personality that 1t treats the
cross section of attitudes and test results at a given moment
as n constitutional attribute almost immune from time and
change yet there ts no mherent reason for this cxeept the
great practical difficulty of large seale retesting of the same
population or of another population strictly comparible m
all relevant respeets exeept age

Many of our assumptions about normal person ity chines
n older people are influenced by the features wlich mental
disorder wears m them  Psycluatmsts m partienlar often
allow their experience of paranoid and hypochondrineal
trends m senile psychoses to bmms their opmion about the
normal changes of personality m old age  Lhis 15 understand
able since most psy chiatrists aceept the postulate thnt mental
illnesses not accompumed by constant demonstiable tissue
changes—the functional psychoses—express eharicterssties
of personality writ large  But do the mental disordcrs of the
clderly n fact exhibst featurces pecuhar to this stage of hic?

It v . wnelutional melanehoha  that this question s
1cen most obvioushy disputed backhwards and forwards for
the last ffty vears  The charactensties sud to be 1y il of
these depressions of later hife are hystenieal sy mptoms, hy po
chondnacal and paranod 1deas, extreme fcar and sgitation
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fnlincinations; and eatatonie features. :I'hou,:;h common,
tiene sy mptoms cannot be regorded as specific, None of them,
and s combination of them, js restricted to the elderly: (‘here
= ho chineat pucture supposedly ty peat of s olutional
poychosns that § e not seen sn the same form in men and
women In ther twenties—though it will then be given a
&ffercat diagnostic label  Why agitation, hypochondriacal
delusions {espectatty about the bowels) and paranoid distortion
should be so much oftener seen xn later bife 15 unclear. Some
woutd retate them to the pmnful expenences, generating fear
and msecunty, which arise out of wamng powers, lessened
status, and rarrowing ficld of activity as age adsances. Others
hwe put forward psych tieal pts of ent d
narcrestsm, mtrojection of ambivalently loved and hated
abieets wlieh are then dentified with over-iidinzed visceta,
and frustration of <exual deswres leading to the revival and
entrance 1o conscrousness of infantie fantasies; but as these
explinations are cqually appheable to stmiar phenomena
m younger people, they do not accaunt for the frequency of
the constellation of symptoms mn the elderly.

Briefly, then, mental sliness i muddle-aged and elderly
people ean oeut 1 every form that oreurs at other phases of
adult Bfe, but & more often charactenzed by somatic delus
sions, tersor and distrust  IF the aliness s Iess severe, these
charetensties may still be theee, but may seem no more than
harmsbess neurotie symptoms They are then taken to he
ateentuated touts expeeted w the elderly-—~“senes moross,
plabautt delns, suspieiosy’  That these trats—suspicion,
At W3 pomee e amt b .
™ 80 more tey
eoufidence, ap

Ui apat fru wonantia, nre the late reabisaton of conshie

tutonal tendenetes, though the genetical factors seem com-

x%l‘mmx ard not speelie to semle or s olutional Niness,

(“:{\\::':\tlnsr the pc:nnaht} in early hife, the less chance of
o adjust to the changed eir

o v ame g cumstances and cagacitise
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a single more fundamentl factor which mamfests itsclf m
them, sinularly we measure traits such as perseserition or
persistence winch represent an abstraction from sey eral forms
of conduct or test response that evidently have o common
factor  To determine whether personahts changes with
advaneing a,e, and how 1t does <o the surface mamfestations
of attitude and interest have to be distmgshed from the
underlying common factors wlich make up the basic per
sonality As far as I know systematie studies of age changes
have been almost entirely concerned with the former no one
has applied to the findings the methods of statistical analy sty
which would reveal whether there are changes in the common
underlying charactenstics or i the way i wluch they are or
gamzed It 1s perhaps a vice in this predomuantly staitisticl
approach to the problems of personality that it treats the
cross section of attitudes and test results at a gnen moment
as a constitutional attribute almost immune from tune and
change yet there 1s no inherent reason for this exeept the
great practical difticulty of large seale retesting of the <wme
population or of another populstion strictly comparible m
all relevant respeets except agze

Many of our assumptions about normal personahity chan, (s
m older people are mfluenced by the features which mental
disorder wears m them  Psycliatnsts m particular often
allow ther expenence of parnoid and by pochon Irnenl
trends 1n scnile psychoses to bias their opmion about the
normal changes of personality mn old age  Llus 1s understand
able, since most psy chiatrists accept the postulate that mental
illnesses not accompanied by constant demonstr tble tissue
chan es—the functional psychoses—express charictensties
of personahity wrnit large  But do the mental disorders of the
clderly n fact exhubit fatures peculiar to this stage of Jfie?

It 1s m mvelutional melancholia  that this question has
1 con most obvioushy disputed  bachwards and forwards for
the last ifty vears  The charactcmsties sad to e typied of
these depressions of Inter hfe are  hysteral symptons hy e
chondnacal and paranoid ideas, extreme fiar and agttation
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ssident that ths bas no wngle souree but depends on psychio
) el comstitution and soel and cultural nfluences
W reover it 18 not indafferently enn,ed s compensating fur
any and every defect but vanes gre wly m the same mdn idual
1n respect of diffcrent nehievements and ways of substitutive
attamment  To foretell 1ts effeetiveness 1n 4 senescent we
< puld need to know how 1t had worked m the past and upon
what wiact resources t could now draw  As Priget found at
the ther end of fhife reorgamsation cven when unfareseen
and wudden never ocenrs unless the mentnl combination
which determines 1t has been prepared by earlier experience
Thus analogy with the desclopmental phase may go deeper
adyustment to the problems ereated by differential merease
i abilities mav set the pattern that will be followed when the
problems are set by differentinl decline But of course n facing
the Iatter the individual 1s hampered or helped by the halnts
e

Vg nnuage the predicament of the ageing person who
has 10 a busy carcer confined ns actisities to ever renewed
tashs gnen by bus coswronment or who has grien up the
Mo Je eardy in e sod depended heavily on personal and
ectuprtonal supports wineh are withdrawn when he retires,
len e, tim ent pty of purpose and interests

The o phasts 1n much recent Bterature about the troubles
of the dderiy has been upon the restrictions <ot 11 #1 o w

« tvats wath these must he reehoned the
racuad pressares that mas have operated over a tong preceding
strteh of time to unfit them for the chnges mevitable 1n
ter by N

or the study of these and of most other mental aspeats of
R nsesteations prolonged enou,h to sun ey the changes
mwdnaduady srver mamy years are essential N
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When pro_ressty e dementr v and foeal symptoms espeanlly
pran aphasn agnestt pemt to v ecrcheal deeneritine
process of the presambe Pich Alzbonna type md this s
confirmad post mortam 1t 15 tanpting to attribute all the
essential sy mptoms to cellule death i speeified parts of the
bram yet the cellular changes found n Alzheimer s Disease
have been found also m the brams of undemented old people
The same can be sud of semle dementia The most abvious
explanation 1s that the cellular dama e essentiilly respon
sible for the dementing process 1s not disclosed by the husto
logenl methods of examunation usuaihy cmployed on the bram
Alternatively  the bramm—or the whole orranism—may be
credited with such great powers of compensiting for defect
due to local damage that mental abilitics my seem mtact in
one person while m another with a simiarly dimnged bram
dementa would be evident  Each of these views 15 optn to
objection they are not of course mutually enelusive and
may well be complementary  The neuropathologists will no
doubt sconer or later tackle the histolosieal problem iherent
m the first as for the second psycholosts have alecdy
leant he wily on the coneept of compensatory adjustment
explumny mdmadual differences - degree and rite of
'anlllg

1y concept—compensatory adjustment—is still imprecise
but mdispensable  1he faling off m cortan abilibies  the
anvcties about one s matenal needs  health and survival
the neeesaity for finding new soeml roles and presceang
social contacts  compamonslip and  affcction—these arc
stresses which ean enly 1 e met by adapt wtion ealling for fuller
use of umimparred abilitics and opportumities to make up for
those that are lost  No doubt the abilits to compensate needs
much analvsts It 1s hardly likcly that the < une abihty 1
responsible for the reorganiation of cflictor processes m n
shilled tash and for the activation of an unsuspeeted potentt
ality whereby soctal nmsfortunes or bodilv decay ean be coped
with I the drvang foree 1s the need to mauntam m spate of
dechrung or defective ability a standard of attainment at s
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Coilent th it thirs s o sngle sonree, but depends ou oy cho-
loneal constitution, and social and cultural wfluences.
Morcorer 1t 1 not imdifferently engaged m compensating Tor
any sl every defect but vanes greatly i the same mndidual
m respeet of different achiey cments and ways of substitutnve
attamment  To foretcll 1ts effectivencss m a senescent we
<hotld need to hnow how 1t had worked mn the past, and upon
what mtact resourees 1t could now draw  As Praget found at
the other end of Wfe, reorganssation, even when unforeseen
and sudden, never occurs unless the mental combination
which deternnnes 1t has been prepared by earlier expenence,
Thas analogy with the deselopmental phase may go deeper.
{justment to the probl created by diff 1al
wn abilities my set the pattern that will be folloned when the
problems are set by differential decline But of course m facing
the latter the mdividual 1s hampered, or helped, by the habits
et s

« wesuncsannhiv bavia Kiesman recently stated
m vivd langunge the predicament of the ageing person who
has w a busy career, confined i nctivities to ever renewed
tashy piven B b anvronmant, or who has given up the
strug ke carhy i ife and depended heavily on personal and
oceupatnal supports which are withdrawn when he retires,
Icsvmg fum cmpty of purpose and interests

The en phasts m much recent iterature abont the troubles
of the chderhy bas Gecn upon the testnictions 4ot I A ove
et

w vy Wath these must be rechoned the
ol pressures that may have operated over a long preceding
2 2

Mrtch of ime to untt them for the ehanges yevitable n
Tater ife B

or the ~tudy of these and of most other mental aspects of
St s estigntions prolonged enough to surey the changes
W ndiniduals over many years are cssentia)
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DISCUSSION

Tunbridge Prof Lewis has emph d the need to ber that
longitudinal studies have an important bearing on the true jnterpreta-
tion of results and that the statistical approach may be quite fallacious
‘Too often, as he said, our standards have been based on a few medical
students, or two or three stall members, and the assumption has been
made that that s o fiir age distnbution of population  Our standards
for all functions, heaning sight, ete , may be completely wrong  Whnt
we consider at the moment te be normal for sevents may actunlly be
super normat Yeredity niso may be o factor Hut it may not be the
most important factor  How fur 1s longevity in any way chiromosome
determuned? Prof Lewis questioned whether there is such n thing as
healthy agemng or pathologreal agung I think that ls‘ n ihulv‘“!:i:-h
. . R . s o gt Al b

Ot |




Gevenal DiscUsSION 49
~ ta ancy when you ate dealing with inorgame
. ~emb ane an

n

. . . p 13
e . . i
) . the

H . now
- b . - log

=t ' you

. . aght
- * dan

AN ' " * feof

. ) - . 1 had
[you

nfluence of loss of
¥ were pensioned,
passed away very

. . .

quickly

Anothet question 1, isn't 1t a fact that the number of ganghon cells
dimamshes i 0ld people—does that have any comelation with the
general mental state®

o . a=  rihav chnnoma that

. .’
tath they found the same changes m the central median nuCieUs, 50 WAL
it ia imposuble to feel confident, that there 13 any neeessary connechion
h;hrtcn intellertual powers and the ganghon or other changes that are
obrerved

: U ur A w3 aana

:tl{f:\c minimal tequirements, whith served us struts diinng their netne
s N:I‘*mpz:‘:‘l (‘x‘: :ltx“mi-nm(, ey £oto preces Then there 1s a more
» erent es—]
PR ain ereatine and Jead satisfiing hxes—he gave
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Bertrand Russell 15 one example—because they hase mner rescunes
which sustun them terespeetane of the Jobs which are warhible or the
suppart that 1~ provided from outside

Going back to your first pomt, I would mention a distinguished
compatriot of Dr Vischer s Dr von Mlonthow, who wrote an mmpresine
personal review of old age and 1ts fasour ible aspeets when he was lum
self quite old though still active mentallh  1hat essay can be added
to the hiterary accounts you referred to

Coredry May I ash Prof Lews a question by expressmg a view that
T have, that 1t 1snt so much the loss of worl, though that is ven
mportant asit s the change in nttitude of mund of older men T belteve
all of us have hived most of our lnes away from the home, and hive
emploved others to some extent—we employ a secretary, we emplin
100 menan a factory, we are employ ers, nnd hiave developed the cmplover
complex Now I miean very serioush, when 4 mn 1s deprved of this
work, he goes home he meets there a stronger mentahty, and he be
comes an emplogee I think tlus 1s one reason why hic espectancs at
retirement for men 1s so low —not the Inck of work, but the trbulitons
in the turnover from an emploser to an employee habit of mund

Jats T thmk that many of us ascillite between these two rdles even
duning our active hife, don't you?

Freeman ITow does that affect the mndividual who is a hbourer and
who 1s employ ed both before and after retirement?

Coudry Well of course that 1s entirely diffcrent  But 1 was just

- crsna smlor
1 suddenly —the
Talf thit of &
woman of sinty fise

Tunbridge According to a recent study the majonty of those dying
shortly after retirement showed evidence of consideralle physic i
disalality and death was not due merely to cessation of work  There was
an urge to heep going until retrement wihick drove them on bey oned
therr phy sical capacity

Tansuing Docsn t it follow then that there 13 a loss of drve at the
time of retirement?

Tunbridge The gol you «ce, 15 achieved at the time of retire ment,
and 13 not replaced by another gorl

Lansing Tthimh that 1s the pomt though there is a loss at the time «f
retirement  Apropos of unemployment many hase faced 1t prior to
retirement, but 1t 1s not disastrous Deeanse it s generally agrod to
be reversible when one is emplovablc e big Blow of retirement is that
1t 15 an arreversible process T thik that 1s whore the psyche takes &
beatingr

Do I understand, Prof Lewss that vou go along with Lehman <
coneept of peak performnee pror to the mid thirties”

Lewas T agree absclutels  The notablc escep tions nearhy olwave
anse because of the retamed intell ctunl halits and determin ition and
experience, rather thatt beeause of continimng creative cagricity A mon
Iike T uler, for example, can go on solying mathem itial problems untit
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Macheth at
e 1 elehity, bt voa dom t il people serstung 3 plas ke
rl"{&\(  nere 15 & dilterence betseen the hand 6f aclucremment that s
ywetbl o Fter e and reath masimal acienoment —vwds oy Newh w
wrting s Principin Wfor hie wos forty
* Lvm’\:mg‘ And § hebeve £ way generally arsund the wee of thyrts
TORE TEARRCES

Levs Well 1t vanes for different pecupations—chess chompions

weeuling W Wve distibution between the twe henysplieres Por
wample, if we gee die tnto the nght catabid attery and compare the
die cantent of the twa wnternal jagutar veins e hnd ut m ol
ynunger pervans 80 per cent of the dyve 13 on the same side und 20 per

crat on the eoptrary ade  New o shenl 3 foerlzang festan sets in s
difference between ' * -

meisive the blomd

decurately s povart
distnbution® There
of worhers  The m
PN

243 2ol Ramnwgek made some obserts At1ons on Hus matter—lia neon
cOnerfned wntl mub - . .

L) .
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s
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than ¥ do

Freeman We hase done some o
hormones but T tnk § eoy

Eetting
Betty Ttutan has
Cectarnly over nnen
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C
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£ reelan kwws smevs about this

adies in connecton with ople
uld tell sod better about &wnr
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soen you the miorantion <he has an th '
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Bertrand Russell as one example—heenuse they finve mser resotrees
wluch sustmin them arrespective of the jols wlueh are watlble or the
suppart that 1s provided feom outwide

Goine h'\(-L_(o vour first pamt, T would mention o distingurshed

1 " . i

to the hterary accounts you referred to
Cowedry May T ask Prof Lewis a question by expressing a yiew that
T have, that 1t 1sn’t so much the loss of work, though that 1s ven
important, as it 1s the change wn attitude of nund of oller men I behese
all of us have Iised most of our Lives away from the home, and hve
cmployed others to some extent—we employ a seeretary, we cmpin
100 men in a factors, we are emnloyers, and h ive developed the emplover

complex Now I'mean - *of thi
work, he goes home, he . ) be
at

comes an employee I . -
. ~ ~ 1~ —nat the ek of work, but tht tww 00y
Int of mnd
tese twa rdles even

» t5 n Ihhourer and

But 1 wis just
loyers ina smultor
and suddenly  the
aut hall that of 4

woman of sty fine
Tunbrdge According to a recent study the majonty of thowe duing
Slnrtly after retirement showed evidence of consderable phyvacit
. o

. . There was
. . an hevond

.
Lansing potsnt woaen . . Irive at the

time of retirement?
Tunbridge The goal, you see, 15 aclueved at the tune of retirement,
2er Y mat by anatler pont

. N b there e a fass at the tune of

" wny hnve ficed 1t pror to

b se 1t v generally agreed to

- . g blows of retirentent 13 that

1t 15 an 1reversible process 1 tnnn L as where the psychie takes a

beating
Do I understand, Prol Lewis, that vou go alonr with Lehman ¢
concept of peik performince prior to the imd thirtics”
M T —- =< lutelh  The notable exceptions nearhy ul\\u\‘:
f
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sgeing 1w an ndnidual 1n the normal tissue. One can telf it 1n patho-

logieal tissue, but sn normal tissuc, can you come to sny rough
eonclusions as to the age of an mdivdaait

B 4 faberann taflon

Loudry ™ "
the bnd?
exposure
generally 1L expused, and the anterior surface of the thigh ren't
eposed ¥ ‘ -
sweat glan
atrophy th

tra . Sur agls WL UME M HSSUe exnand ta St

Tel) oiten degeneration of )
®th basal cell carcinoma 'ﬁ: 32{;%5‘3;’&3 oF oo paet 0 shan

m of elastic fisste ean only
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who collect snuls and the longevity of amateur mturalists—F dou't
offer this ns statisticatly sigmfieant—docs nppeir to be quite phenc
menal T was wondeting how far we lad any direet proof that gong on
with the job which an old man can do and whicl Jeads him to be
reasonably yespected and heeps Jum busy and so on 15 m fiek n means
of mamtaming general helth becwse T et the mpression that at
probably 15

T awts 1hus 1s commonly assumed and T should think there is o good
deal of evidence of the hind that Dr Comfort has brought forward
Karl Pearson of course was much mterested in tlus matter but the
Ailliculty alwaysis that if you tal e people Jike snal experts of judges of
the High Court or bishops you re dealing with people who have perhaps
lived fives )mmune from tmany of the stresses which in manual libourers
affect their health and therefore ther duration of lilt

Comfort 1he naturalists are a surprisingly vaned group as o matter
of f1ct, for they are nearly all amateurs there are few manual Itbourers
but there are one or two among them

Ireeman Ts it your point Prof Lesus that the more intellectual
ndividun! deelines at about the same rate as the less intellectu? T hat
is that the pereentage decline may possbly be greater but the actuil
decline may be about the snme?

Lewas T dont hnow and T dont thunk the evidence warrants any
firm statement

Olbrick Do you notice any difference between the two groups
I1bourers on one side and intellectual workers an the other side as to
the amount of senile dementi?

Lews There 1o evidence that T hnow of frem comparabife matched
groups

Shoch It scems to me that the Tk of close correlation between
physiologieal state and mental performance or capacity 18 probably one
of the greatest potential strengths in the entire field of gerontology
The coneept that has been put forward that the ageng process acts in
and becomes accentunted when thie growth process stops hne some
analogies to mental performance as well I think we alrendy hnow some
of the things that can continue mental growth in the face of ccrtain o
the physiological decrements that often appear with adsancing ng
Although we do not know as yet how to prevent the physiologeal
changes we can do something about heeping ngung people mentally
active The low correlation between physalogical and psy el logieat
measurements, which have plagued us in the past may he our greatest
hope for the future

GI'NT'RAI DISGUSSION
Tunlridge Can we hegin with o cellular appronch®  Ts there an age
aspect of the cell?
“dub s group ought ta reach some conclusdon about ageing fn the
Dr Cowdry s there are oy tolomenl tests for ageing  Elere are

b and Td bke to know whether they can tell

goud pathologts kere,
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Lameron No, L iaven 1, 1 ni3y have tuened o halt band e 1 agree
N A R S ke

e
he speaitie changes of old age T wonder what they are

Lansing To take further exception 1o the pomt that Prof, Canervn
makes, many orgamsms that dont have blood vessels or organized
urcufatory systems or connectine tissue beds to interfere wath crreulas
tion mamfest ageiny as we hnow 11 1n man, mice nnd other organisms.
As Hebrunn (Outline of General Physiology, sccond ed, Siunders,
Phila ) smd 1n s IMtle chapier on ageing, nihelast analysisageingisa
problem of breahdown of cells  Age changes oceur 1a individunl eells

such as Paramecsum and in rotifers and other orgamsms wiuch ek
e bane B

‘e -~ s s -
1t " ome
Pr ‘ As
m are
insufliciency \

[posy .
u"i\ea&. Wdney, lung, bram. wav wiluoUL Tegeneration,

teans which are able to regenerale ve epdetmus
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be found w shin cvposed to et ¥ ’ N
putan tla

nh . s uf e
ingz . s uigncr didierentiation of the eprderams eclls

The tonohbris nre numertc il merexscd Wt they are merersed in
other conditions as welly 1o the shin of auunads puated with methy!
tholinthrene and s pree mneerons stages

Tunbridge Yoo, I tlunk we all agree that where vou hine #- '
seeondary factor —whether th +~
orwhat vou sl youwillg
to triumn, 1 there somet? H .
stdered that bie could not § Lt dnerc v o piitern of
seeondary degeneration but i there a prunary «hnge? T thuh he even
sl that the process mamdosts atself i the «ime wany be ot m voung or
old only the digree (rnges with chironolozic il age

Cameron Ithink mesys +v > -
three different chan
found 1n cardric ma w suntmes tound e athee
orgn cells such as toc spleen and hudney  That s one 91 «

thes efum ta be alde to » * '
Delieve they can but a f -

organs for capwaple the Y

ccls—Vas ¢ ! el age shicthan
cefls showing thar ¢y tophism
and muderr ¢ N A these changs
cae be induce ase gnd thit s the whole pomt of iny

talh T want to hnow how i vou distingush thes from arteriosclerotic

changes?  You gz oxactly the sime putare myoung peaple with

artersosceross {or <xample or v arions other diseies  f franhhy cint

sy, amd I don t belove thit anyone ¢ »vy whether these ecdls are

duie 0 ggreme ar age spuatle dinages
Rubug X\ ‘

breome dddies

within the i
cazvines amd warch we Car anhy gt ot mdirecth now an fune

tionsl studies 1 unk probabh soud b able to hod dillorences m
mdndual cclla
cAub ITve awy bren found’
Rubin None that I hnow

when tecniques
)hemtenl nature
s vutrations of certim

Tunbridge  Rut sught sour o3 . ;
. . ‘
t L 3
. . A . X .
rl tt -t . . .
pon
o * . . 1
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The equation of Puctter corresponds to the known sigmoid survival rate

a0 hiows 0 decline from
re two tiferent againg processes one S
bl:“:efr: ﬂnfaﬁ\‘.ﬂthe other 13 charactenzed by an up and down of deselop-
h, matunty and senescence’
ms“nfn(r)eo:l no";tnct ;)mrsﬂthim between the ¢hanges of the different
. Pyt ' - A

' vatality s the broder one,
has two aspects, o pliysieal

o Loumuitd

Tunbridge But you ate not wantmg the man of sixty to be the man
of twenty  Yon are accepting the fact that there might be standards ot
declne? There 15 not sery much diflerence between you Dr. Miescher
1 saying be wats 100 per cent vitahty of the standard for the age,
which I think Prot Verzir would accept s sdaptability to the highest
Tunction for that a,

Miescher In fact 1t 13 simply a question of definition.
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In the first group of organs decrense of adaptation begins when there
are no miore tissue reserves left  Fhus occurs normatly very Iate m
el RO tah " v oata

N .
of gerontology. Ve hnow that arteriosclerosis may start in earhy
childhood nnd incrense during hife T tlank that arteriosclerosis s
not a cause of ageing but it hecomes intenaified by the ngeing process
beeause 3t 13 n summation effect of very different wtrological factors
therefore it must be diseussed together with all the problems of azeing
Tn arteriosclerosis 1t 1s possible that the tissue reserve diminshes as o
consequence of anoxinua  In arteriosclerosts we have to distingush

. ‘a © e v

Tocal patches 1n one part of n coronary artery causing local stenosts
- e

The consequent
find the narrow * . b
- - . . vitality factor
. ring phase B

characterized by deereasing resistance eapacity of the orgubnm to

. . . '
1 110 ageing when
(a) I = R, that means immortahity
(&) I > R, Iand R constants
In o whole population st exponential decline of survivaly but no real
ngang will oceur
v=AeMlorht =In A — Invx)
¢ = basis of natural logarithms
t = time
x = number of survivals at time ¢
A = number of survisals at time O
L = mate of destruction

‘] i g when
Fhere fr g () [> R, T constant, R dechning (e g following an
exponcentinl course)
< = Ae ket (equation of Puctter, 1021)
= apeing factor (rate of ngeing)
: - dﬁ:ln%cu\c factor (rate of destruction)



Resriratory Tusciion AN Aok 59

wtam <28
e 35
YOUNG woowd2 3
NORMAL °[°
FO s

wtnes3
vas26
oLy w25 ol

NORMAL %o

60~ 80 v
utans 58
e 82

w85 3
EMPHYSEMA

E) €0 80 vt

Fio 1 The ae nmnbmmn of the subjects myestiated  In
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*CFFLCTS OF AGLING ON RLESPIRATORY
FUNCTION IN MAN

D.V,Buiws, un,unor,
ANp RV, Cimisann, Mo, pse, 1 R0 P,
Dunn Laboratories, St Bartholomec s Hospatl, Lanidin

1 navi been ashed to discuss the cllects of agung on
resprratory function  What I propose to do s to desenbe
briefly some of the tests which are now unsed o assess 1y
piratory function and to contrast the performance of young
mdividuals with the performancee of those who have reached
nuddle age T also propose to bring the discase emphysemt
mto the picture beewuse as far ay respiratory Tunetion s
concerned emphy sema is a gross exagperation of what happens
to the lungs with advaneing years

Lig 1 shows the age distmbution of the varous goups
myestigated  The sole reason for choosng thirty five vears
as the dividing ine between young and old was that the
primary purpose of this mvestigation was to studv the
changes which oceur in amphysema, a discase which 1 rarely
found before the age of thirty Ine

\}@Thc vital capaeity 1y clearly reduced with age o fact which
has been known for at least hall o centurs  In Ly 2 the
“young normals’ have o mean vitul capraty ol + 8 hitres
while in the “old norm s the mean 15 8 5 htees o dillerence
wlneh 1s statistienlly ssgmficant This change s not due to any
deercase 1 the distensiblity of the lung atsclf, 1t s almost
certamnly due_to fixation of the thoraac cnge, arsing from
sanety of anatomueal changes such as deercasad dastiaty
and mmmobility of the costal cartilages  In cmplissomu the
vatal capiaty 1s still further reduced
<, The yolume of the lung inereases wath age (Ing 3) In the
younger group this averages 2 9 htres while 1 the muddle-

sPrevented Iy Prof 1BV Clinstic
53



RespirATORY FUNCTION AND AGE Gl

respiratory muscles have to do 1n order to distend the tunes
1t 1 2l possible to mdicate hon much of thim work s ex-
pended on the elastie resistance of the Jimgs and bow snuch
on the viscous or non elastic resistance {Mellroy, Marshall
and Chnstie, 1954)

In Fig 415 shown a summary of our results In eyght
healths mdisiduals below the age of thirty five, bebween 70

L

%0
oF

% o

ToTAL
o

WORK
50

BPENDED “_l rﬂ
w0

AGAINST n r"ﬂ
3¢

ELASTIC
2

RESISTANCE
1

F16 8 The proportion of vey
piratory work expended
elastic mxs!anmroyt the lm:y’,)Q et the

2nd 80 per cent of the work of breathing was expen

n‘g;smst elastic ressstance In seven healthy r;ndmdnnll)s o‘i‘:g-
the age of fifty, only between 50 and 00 per cent was expended
3gamst elastio resistance, and m emphysema the percentage
'S even lower It is farr ta conclude that with adyanene
yewrs the elastie resistaney the 1 "
reduceq (Meliroy ang Christe, 1853) © e

Toh ;msx;lh f?r the mechameal aspects of lung funchion

e S e‘ uz\ctmn of the lung & to 1enfifate the 11an1
feasy v
Tated ¢

o vuu it uiner words each glveolus should
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aged 1t averages 8 5 litres and in emphysema the averie
Tises to 4 7 hitres  One reason for this merease, and posubly
the sole reason, 15 that the glastie recotl of the lung dimiishes
with age  During hfe the Jungs remain distended beeause the
clastic recoil 1s counterbalanced by traction of the chest wall
and dmphragm, and cvpansion of the lung can be brought

40, ews2

Youne 301 L ‘:7

HORMAL 'Zzo -
g

1234 78
40
oLp o X
nomaL 720
10
d . -
a0 weanad 7
i 09

87

*0

EMPHYSEMA 220 Al
10
J T !I;i! ! L%Dnm

Fas 3 Lhe distesbution of the Tunctional Restdunl Cap aats (i ¢
the volume of air i the lungs at the end of an ordmary quict
expinution)

about either by mereased traction, such as occurs on mspirt
tion, or by duminution in clastic recoll  That the clasticity
af the lung does 1 fact dmunish with age can be shown by
direet mensurcment, and T will just say a word about the
techmque we bave used  On nspuration the mtrapleural or
mtrathorace pressure becomes more negativg, and this fall
e pressurc 1s 8 direct measure of the force exerted on the
Jungs by the muscles of nspiration The tidal qur 1s o measure
of the solume change which occurs  If these two, the intm
pleural pressure and the tidal air, are measured simulton-

cously it 15 quite casy to calculate the amount of worh the
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respiratory muscles have to do order to distend the lungs
1t 15 also possible to tndicate how much of this work 15 ex
pended on the elastic resistance of the lungs and how much
on the viscous or non elastie Tesistance (Mecllroy, Marshall
and Christie, 1954)

In Fig & 15 shown a summary of our results  In eight
healthy mdividnaly below the age of thurty five, hetween 70
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o
YOOG, ) EMPHYSEMA.
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Fia 4 The proporhion of respiratory work
expended
chastis rensiance of the Tang st he

and 80 per cent of the work of breathing was cxpen
f:;gﬂmst clastie reststance In seven healthy nmd\\\du"\}:: o‘iec‘:
a‘: ‘:gi Qf‘ fifty only between 50 and 60 per cent was expended
st st elastic resistance, and 1n emphysema the percentage
ewen lower It ys far to conclude that with advancing

yewrs the elastic resistance or
elastic recod of t
roc‘l:nccd (\Ic‘ﬂmy and Christie, 1954) he fungs

=5 wu st dlier words each alveolus should



62 D V Buyrrs o R V CurisTic

get pustats Tur share of Cxeh braath that s tihen Sccondh,
the arr an erch alveolus should be fallv cxposed ta the luny
capillaries, i other words, the alveolar ur should come mto
proper contact with the pnlmonars blood  Both of thew
functions can be mewured and I will first 3y a word about
the eficienes of ventilation which surprismely cnouth em
be measured quite cavilv and accur el

HEALTH CMPHYSEMA
cfﬁl"gt'!'”‘!
S Euih
S s o e ==

kN
AT

U D e

]

1

MNUTES =

.
[

B 5 The ellicfenes «f cwnrang i th Ling ne wared 1y e

lilute nomettod  Tnoa Leadthy ve g ot Ina ol ten ety

Ietecen span b ter il the hings iy reacl o after

3 hrenths i pabticnt with empivsen g ned Do hitnre o
enlv e be bafter toabe gty

If an mert and relativels ansoluble gas such as hohmm s
breathed tt wall mun with the other gises m the nheols but
practieally none will e alrorbed (Batos and Christie 1930)

In 1t 51s shown the record of a soung nermal indivaduil
who starts to breathe from a sprromcter confamm,? 145 por
eent hehum  The bl percentaye winch as measured
clectrietly by a katherometer folls, and after two minutes
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or 30 hreaths equibnum is o5t blished lyct\\‘( (-n‘h\‘n,: ‘1\“‘\‘\\'
sprrometer, with a belium pereentage of 912 1 the “(\ :
had been perfeetly eflicient from the pomt n\; e o

ventilation engmeer—1 e if atl the alveoh had been le;\] )c
ventilated—-t can be caleulted that equiltbrium should m:

Y een reached 1n 23 ot 24 breaths whereas fact 30 hrc"\l ;ﬁ
were roqured nd st 15 frue that most normal mdnaduals

T B
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F1 € Theeffcency of gas marane 1n t) ¢ 1ng expressed as a
percentane of perfect eff crency 14 shown on tl e aber %

aperate at "0 <t 8G per cont efficienes as far as ventilation 15
concerned

The record of 2 patient with emphysemn 15 also shown
F12 o and here the story is a sery different one Mixing was
only complete after ten minutes or 150 breaths

tntir Bshowna summary of our results Y oung normals
oTeste 9t an average of ~o per cent efficicney while thie fisure
fur the ¢ider group s onky o4 per cent a difference \\]:\cri) 15
stattieally sigmficant  This cwn only mean that with ad
taneing vears ventitation of the lung, becomes more uney en,
wnd this 1s presumably 4 sequel of loss of elastiesty ’
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Twth 3y there amy change m the ality of the manad
wir to mike proper contict with the pulmonary blood® It
mzht scem that the olnious wnv to settle this pont wounlt
be to analvsc the artenl blood and find out just what has
happened to the blood as 1t passed through the lungs To d>
thns with any ecuriev 1t 15 not enough to measure the 0,
situration of the arteriil blood both the alveolir and arternl

e +57
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Fic ~ Tl e percentage of CO rer 1oy ed from th e in < ired afe when
Treatl ng @ 1 per cent (O in air lvstown on the aliei v

0, tensions have to be measured, the techmque of which 18
dificult and Inborious  More stragghtfornard 14 the use of
carbon monosvide As you all Anow  hamo fobin has a grost
aMmty for earbon monoxide In fact if a healthy indivadusl
breathes a low concentration of CO most of the gas which
reaches the alycoli will be taken up by the blood (Bates 10352

1he exprred mir will therefore contam vy much less CO than
wasinspired If however some of the inspired mir were wasted
w1 ventilating avascular arens a very diffcrent result maght be
cvpeeted  In these bloodiess arens the €O would not be ab

worbed and therefore the concentration of (O n the expired
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air would be ncreased s 15 exactly what happens with
ereasing age (Fig 7)

n young normals the average CO uptake 1s 57 per cent
while 1n the older age group 1t 1s down to 48 per cent and n
emphy sem 1t falls to 31 per cent  With advanaing years the
contact between alveolir ar and pulmonary blood or
diffusing capacity as 1t 1s sometimes called becomes impaired

Vi Tn conclusion  as age wnereases the chest wall becomes Jess
‘mobile and the elastic recorl of the lung 1s reduced  In conse
quence the volume of the lung mcreases and the efficiency
with which gases are mixed in the alveoh 1s reduced The
capacity of the lung to ventilate the pulmonary blood s also
shghtly impaired  All of these changes occur 1n a greatly
exaggerated form 1n pulmonary emphy sema

REFEREMCES
{3 full b bhography will be found in these refercnees)
Pares DV (195%) Chin S 11 21
Bates DV and Crmismie BV (3900) Cho S 9 37
Melinn M B apd Cumismr R V (1944} Chn S 13 147
\XLhign\, ‘;[ B Marsmar R and Cumistie R (1929 Chn Sef,

DISCUSSION
Frankln 1 wonder 1f Prof Chnistte will tell us what he thinks 13 the
real of age ng wit) s
Clnrgme ¥ thunk {t has some relationshup to what Medawar said yester
‘:eﬁ ot he said that 15 due to a comby of
Npl’;‘l‘ed . of change 1n vyl Yy and d due to
e im0 stress and stram 1 thnh the e -
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this which 1s respe= P1e £ = 014 2t e cit

are 1n the same dir . b

develop 1n old age

one of By Vischier™ «

emplhysema, and P v .

had emphysema  We have calaulated from ‘our results that it a healthn

mdividual were to hne on indefimtely and the changes in fus fungs
ved, he would develop emphysema

N L L]

Milton Landowne and Mr Arthur

Narris, our laboratory has been collecting obseryations on age changes
m pulmcnnry functton  We have afso used a heltum wash out technique
for estimation of the various lung compartments (Norris, Landowne anl
§Imck. ‘105-’, I“td Proc, 11, 114)  The study s still in pmgn'«.'l:‘ul {
. v, . . ' ene$acta

1y .

- - . ] .
was found mn estimates of maxunum yvoluntary venhilitors capacity
'
e, . oy
2 01 at age eighty to minety  The inspuratory reserve volume atso fell
from sbout 8 51 to1 81 over the snme age range  The age decrement
n expitatory reserve volume was not nearly as great—1 3 | oat oge

AT . (R e

Ve Hoaabhmp

. . .o

' * e showed

re v -

- . . - . . reduction

. LT B ty) After

. . - oty In

contrast, the vital eapacity continued to decrease Up to the npe of eighty
T think that 1 genernl the results e obtained arc in agreement with the
cases IDr Chirstic has reported

We hiave niot done carbon snonoxide measurements and 1'd like to ask
Dr Christic how one can sep imte the effects of the exclange of earbon
monoxide from any changes that might oceur in eandine output withage

Christie All this work s been done In conjunetion with l‘mlnmcuiu
- L. l§ . i L me b s eta

et e . . : .
O T . - . - .
the air with the pulmonans blood  Our work on patients with mitrl
stenosts shows that they do not get the xame yeduction of (O uptake

although the eardine output is decrensed
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MeCance~ This has been 1o me a deightfuliy smple exposton of 3
P et " S

experimentally in rats

1 also want to ash how far the decrease of lung volurae which you
fourd 1n old cases 15 & functional one? Have you tned changes by
adrenaline or ephednne sprays in these cases? That mmpht show that a
part of it 13 functional and 15 caused by a deerease of sheletal muscle
fone, and not by elastiety

€ N .
v

£ . .

- . . ‘
ol Gua lsitalie png efr mh b raad — ot 3 2

make

hese measyrements whi
that 1s really the only approacl
na'eﬂ'u-t on older indiduals

Tunpridge \ou ndicated thy

wt there may be a ch
marked, at another aoe nas ad okt , Chane, rather more
ton, ar s t

Chrustre * . . .
are ot guff - ’
after the nor .
'
oL trough thel  + !

4 the rate decreases 1 :
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problem, it really 1s a eardiovaseulir one rather than a respiraton one,
although of course the two are vers close to e1h other when vou come
to the pulmonary Cypllanes T don’t think such work s been appled
to weing

Franktin Could vou «)ibor st on the moang of mrm the lungs® Task
bec suse in somie (antsthetized) amnuls there s aovery uncven distaby
tion of wr n the lungs  In the riblat, for istance vou gt o ven
patchy distnibution, and n the eat to a lesser extent  In the human
subject at 15 even, accordins to your evidanee 10t gt®

Chnistie Unfortunatcdy vou have mentioned two ammals T Anow
nothing about In doss it s even In human beings at 1s 80 per m;“

- . o i e

H .
Chnistie T think the ses distribution was_indicated on the shdes
Most of the indinaduils we studied were men Tt s a vers curious thing
and there 15 no clue as to why 1t should be, thit emphysema accurs
almost solely inmen A woman can have chronic branehutis or asthmt
and vet she seems to be much more immune to this stress and strun
effect than man  IBut our figures are mainly on men, and therefore J
cw't rexily s v any thing about the sex distribution
Frankhin Prof Verrdr some veirs ago vou showed the effects of
Diwered onvgen partnl pressure which produced a chnge very sumbie
to one of agang nimely, o greater resting degree of expinsion of the
lungs  Could you correlste that wath whit we hnve heard this morntng?
¥ erzdr Wo beheve thit thor s a third form of respiration regul tion
hestdes the depth and the rhythm of tnsparation and that 1s the increwe
of respieatory surfice by an incrense of lung volume  Onc obsses n
mmeditely t onc starts physieal work or af the oy gen prossurc in the
mspired e as decreased  One cin demonstrate st by body plethysme
graphy Ihe meaamng of the reaction 18 an inerease of rospiratory
airface by better ventilition 1 fus reacion maght decrease with ol age
by a decrerse of muscle tone and perhaps by a decrease of elistiaty of
the Iung
Christie Well, there are many comples facets to tlhus but [ th

- . . .- T

Tunbridge 1s there any vidence from the work that b did on the
I verest expedition that the Sherpas have asnubir abality”

Chrstie T don’t hnow
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CHANGES WITH AGE IN DIFFUSI

COEFFICIENTS OF SOLUTES FOR HUMAN TISSUE
MEMBRANES

JE Rms un race,anT I 5 Laurses, Mo,
D ciswn of Gerontology ¥ ashington Umvernty St Lowss Ve

The determunation of diffusion coefficients of solutes for
preparations of hissue membranes constitutes a valuable
method of measunng the permeatnhity of the tissue In the
fild of gerontolgy this techrique mvy be applied to the
insestigation of the effect of age on the permeability In the
present communication the results of diffusion coefficient

measurements on samples of the human aorta and human
tentorium cerebell are reported

Experimental

San ples of the thoracie aorta and tentorum cerebell were
obtamed at the St Lows City Morgue Stenle mstruments
were emploved for the removal of the tissues  The adsen
it was stripped off the aorta after which the inthima {with
attached subintimal tissue) was separated from the media
\ preparation of each Inyer was then inserted 1 a sterile
diffuston apparatus  The tentorium cerebelli was employed
directly for diffusion studies

The duffusion cveflicient measurements were carred out
undes sterlc conditions by the procedure of kurk and Johnsen
(1951)  Thus method permits determmation of diffusion
cocflicient of both aseous and non gaseous solutes wnder o
constant total pressure

Thodetuls of the assembled diffusion apparitus are shown
M Il 1 The appartus consists of two 50 ml glass syringes
the bottoms of the basrels have been remoted o the barvel

69
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AGE AnD MEMBRANE DirFusion COYFFICIENTS e

tops ground plane  The membrane 15 iwterposed between the
ends of the synnges and 1s held 1 place by tso metal dia
phragms and two hard rubber rings A needle 1s mserted
through each rubber ring the outer ends of the needles are
closed by wnsertion of a one way metal stopeoch

The gas or non gaseous compound to be vestigated 15
dissolved 1. buffer medium heated to 37° C and the solution
mtroduced wto one of the compartments of the apparatus
The other compartment contains plam buffer medmm  After
both compartments hace been filled with solution the diffu

'
'
allowed to elapse for blist of

Th

P £\
and for 1mtial penetration of the gas or compound through
the membrane before withdrawnal of samples for analysis

The technique provides for the withdrawal of samples from
the diffusion apparatus at any time duning an expeniment
In studies on gas diffusion samples of the solution are trans
ferred without contact with the ar to the extraction chamber
of 2 Van Slyhe apparatus for gas analyss  ¥f copditions of
analysss permut samples should be withdrawn m rmmediate
suceesstan from the two \: of the iy
apparatus at the beginning and ¢nd of a diffusion penod
"?‘m will bc( possible 1n the case of diffusion studies on non

seous solutes and i nvestigations on gas
provded two Van Slyhe appamtu:es are avalla‘%)]e o

The diffusion coeffictent 15 defined as the wnts of the sub
ance diffusing through 1 em ? of the membrane m one
minute at a concentration gradient of 1 umit permi per cm
(I 1928 20)  For expenments m which samxﬁes for
i:irl\\):,)i am:I withdrawn 1 immediate suctess on fanm the

on

Af1 1
tes—ed=te,~coe kl(‘”r‘)
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k=diffusion coeflicient,

¢,=concentration of solute on donor side at beginning
of period,

¢,==concentration of solute on reapient side at
begimming of period,

cy=concentration of solute on donor side at end of
period,

cq=concentration of solute on recipient side at end of
period,

A=area of membrane i em %,

L=thichness of membrane mem ,

V,and Vy=volumes of solution i the two compirtments

expressed in ml, and

!=time 1n minutes

Results

Aortic tissue

Deterninations have been made of the diffuston cocllt
cients of mitrogen, oxygen, carbon dionide, lnctate, odide and
glucose 1n experiments on 51 samples of intima preparitions
and 50 samples of media preparations The age of the indivie
duals from whom the samples were obtamad ringed betwean
ten and eighty yeirs

The mean diffusion coeflicients obscrved for these prepirt
tions are shown m Table I The table further contams tht
caleulated values for the products  difuson  cocfcient
X /MW X105 It will be scen from the table that a fwr
agreement was found between the product values for nstro
gen, onyvgen and ¢ wrbon dioxide, and that the product v lues
for these gases were over two tuncs greater than the product
aalues for hictate and glucose  These indings mght indicate
the presence mn the aortic membrane of a sct of smallcr pores
(permitting the passage of compounds of MW 2% to 1) and a
«ct of larger pores (permutting the passage nbo of compounds
of MW up to 160}
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A=diffusion cocfhicient,

¢,=concentration of solute on donor side at beginning
of period,

ey=concentration of <olute on reeypuent ade at
begmning of period,

ey=concentration of solute on donor side at end of
period,

c,=concentration of solutc on reeipient side at end of
period,

A=area of membrane 1n em.?,

L=thichness of membrane 1n cm,

V; and Vy=solumes of solution mn the two compartments

expressed i ml, and

I=tmme 1 punutes

Results

Aortlc tissue

Determinations have been made of the diftusion coelh
cients of mitrogen, osygen, carbon dionade, Inetate, whide and
glucose tn experimments on 51 samples of ittma prcplntmm
and 50 samples of media preparations  The age of the mdivie
duals from whom the samples were obtamed ranged Detwedd
ten and aghty veans

‘The mean diffusion coeflicients observad for these prepirs
tions are shown m Table I The table further contams the
calculated salues for the products  dilfuston cotdhicr nt
% 4/FWx10® Tt will be scen from the table that a fur
agreement was found botweon the product values for nitro-
gen, ozygen aud carbon dtoide, and that the product » Nues
for these gnses were over two times groater than the product
values for Lutate and glucose  These fidmgs muight mndicate
the presence m the aortie mombranc of o sct of amaller pores
(permittang the pussage of compounds of MW 24 to 31 and s
et of larger pores (pornnttm,: the passage also of compottls
of MW up to 160)
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The average diffusion coeflesent values observed for the
age groups ten to thurty-mne, forty to fifty-mne, and sty
to eighty years are shown  Table IL It will be scen {rom
the table that n definte tendency was found for the diffuvon
coeflictents to merease with the nge of the mdividuals  The
sigruficance of this tendency ts also evident from the ealeulited
coeflicients of correlation between age and the diffuvon
cocflictents (Table 111}

Table 11
tion Coaff{slan o

Prevarations of the Hwman Aorts

Inting Yodia
1 t T ¢
kg» / itropan + 0,38 2.0 + 0,35 2.8
Age / Oxyeen +0.14 1.7 + 0.2 2.08
Ape / Carbon dlexsze + 0,2 1,66 40,3 a6
igo / lactate + 0.6 3.6 + 041 312
Age /[ Todlde + 0.38 2,87 + 0.3 2493
Ags / Glucose +0.58 497 + 0.4 235

In conncction with the data reported i Table 111 st shouhl
be noted thiat the total lipid and cholesterol contents of the
aoriic membranes were hhewrse found to wmercanw with
advancng age  The coeflicient of correlation agecftatal pd
was +0 18 for the inhma sampley and 1 9 82 for the media
wmples  The carrespondmg v values for the corselation

agefcholesterol were +0 40 and +0 31

Tentorfum cerebell
Dilfusion studies wath this conneetine tivue membrune of
unnpumln(‘l\ slmph structure wers earned out on 33 unplc\

dernved from indinaduals maging moage bobween one and
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seventy exght years  Only the diffusion coefficients of carbon
diovide and glucose were estimated

The mean Miffusion coefficient values for the age group one
to thirty nme, forty to fifty nine, and sixty to seventy-eight
years are shown 1 Table IV In contrast to the findings 1n
ihe expeniments on the acrtic samples the data. fail to show
a0y consistent change w permeability of the bell
tentorium with age

Table 1V
A ) Dhge:
Thuyn Jentorim Sensbally

Age Gro Taaber of Garbon dloxdde  Clucose
{ Years pampley
1-9 8 43.6 29
20~5 7 b2 ny
0~ W 449 12,8

Summary
Uifusion experiments were carmed out with mitrogen,
o%ygren, carbon dowide, lactate, 1odide and glucose on pl‘e;al'i
slions of the 1ntima 2nd the metha of the human thoracie
su’rfa, using the diffusion procedure of Kirk and Johnsen
L.lh.h'l\ The diffusion coefficient values showed o dnto s

s dings 0 the expenments on aortic
:lssuc, diffusion studies on preparations of the human ten.
o cerebelh farled to show

any jner
of that tisue with age Y ease i permeability

The i estigation was
e < Ivestzmtion Supporied by a research grant (PHS-891) from
ot on &M;mmuke of the National Institutes of Health,
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DISCUSSION

UeCance To what extent do you consider these timsties are aline® 1
could not see any part of that appiratus designed to heep those eells
aerated, and we all know now from the work which is going on at a
cellular level, that of you da not heep even o single cell oxvgnted its
n.xcmlmlmn 15 completely disorgumzed, 5t swells up, clianges its aire,

. . . DRI M Y

Kirh Tdid not go1nto all the details of the experiments beeause of the
himitation of ime  In the diffusion studies which I reported at loast
one of the tho comp irtments of the apparatus contained oxygen  [this
been demonstrated m a previous studs (7 Gerontol , 9, 10 1034) that
human aortie tissue after removal from the body will continue to show
resprieation for peniods of up to several weeks when hept under stertle
conditions  I'he Qo, valucs of such tissue prep ieations can I mensured
by means of o techmque wineh we developed recently (F. ol Chent
192 675 1032 208, 17, 1054)  1his techmque 8 considerably more
sensitine than the ordinary Warburg procedure, sinee it permits deter
nunation of Qo, values s low as 0 GF V¢ have shown that under onh

h . . \ . PR

N - . . . .

FEEN . .
- . . . PN
requires bed wuase, physiologrodly at 1s bathed s ruk, in o medium
contumng so much  Am I nght an thiking that vou separate the
sl ar tissue from the intima before incubating the Haitter”

Ak No o In the media we hwve some smooth muscde eellv but the
v alies I gave for the Qu, refor to the aottie wall - And there is not much
difference m the Qo, of the human mtima nnd mediy - Hhe noasanum
value < abott 030

Frankiin Have vou done amy experiments on ammaly? Beenuse T
think 1t tight answer Dr McCanee s question if you took some of these
preces and used them to repair blood sessels in other anpnals

Aerk Wl Thave e vmed out detenmin tions of the rate of respuration
and gheolvsix of the dog sorta (F Gerontol L9 10 1058 The studies
showed that the Quy of the dog norta ix approsimately twice thit of the
Lot about 0 635 6 70 s the masimum Qp, found in dogy Our
olsersabions on the respirition of nortic tsue stored at rfngertor
temperitun Itween tests are jn essential agreement with the data by
Picree amd bt assoo tes {dnn Surg 129,333 1089) who showed that
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it was possible in many instances to obtamn growth of fibroblasts m
tivsue cultures from segments of aortas stored for pertods of tlurty to
fifty days at 47 € 1n a salt solubton-serum mediam

Frankfin Y ou haven't used a picce of the old vessel for repar?

Kirh No, T have done no transplantation studses.

McCance T think there 1s more 1n 1t than whether the tissue 13 alne
suficiently to use for “repau” purposes If, for instance, you take a
prece of kidney and cut thin slices of 1t and immerse 1t 1 the solution

OBent of the wa.
ofoxygen Since .
0 the suare ey«
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dioude will be 23 8 < 4/82/4/4%, or 20 8 tuncs grester than that of
oxyvgen (at the sime partil pressure differe nee)

In the field of chemustry, however, especnllv when dealing wath
diffusion hineties, Thit s defimtion of the diffuvion cocflionnt 1 genenath
employed, and s mentioned i the presentation of my data—it was
this (wﬂk‘u;n‘t whicliwas used in the present study - Acconding to Hills

e O] ot

def * - 1 ot
ear R . - - to
T [P T Cm

samples presented todny the average diffusion coeflleients observed for
carhon dioxide and oxygen were 0 000404 and 0 000602 respectively,
This v es a ratio between the cocflicients of O 803, a valie which v in
farr agreement with the ratio of 0 833 obtained for the diffusion of the
gases in water

_I:n.n‘ung by wonder if one can properly compare the intima of the young

very thick elastien tnterna In this strpping the el itica interna pocs
with the endothehum  The elistica interny has periodie funestratins
which are quite gross and rather widely separited so that between the
fenestrations there are vers definite barners to diffusion  Now, if one
exanines the separsted intima of the old, it s a very different ston
One finds the endothelium, & very rich bed of fihroblwts, colligenous
fibres, ground substances and so on wlich may mensure ns much as &
nmillimetre or two, depending upon the pathelogienl state of the tissue
and then, far beneath all this material, one finds the fragmentel nnd
distupted clastica interna which i3 so badly dunaged that often it does
not go along with the sub endothehal matenial in stnpping - Thus in the
young there man be o mechanical barrer to diffusion in the elutien
interna which §s Inching in the ofd  This alone may contribute to your
datn The implication would be that the sub «ndothelinl material be
tween the elastica interna nnd endothelum s ot a barner to difuson

Medavar Dr Kirk, if the membranes you are working with are
dehiberntely hilled by non precipitants or narceotized, do vou still get
the age differences®  And vou mentioned using oxsgen uptahe as f
cnterion of the viability of the eclls  are there age differences in the
osvgen uptakes of these vanous memhrines?

Rark 1 have not made any studies on the effect of enzyme inhibltors
or varfous potsons on the membmne permeibility  And a« far a¢ the
axygen consumption s concerned our datn (J Gerontol 9 10 19%4)
fwled to show any change with age in the oxs gen consumption of the
nortic tissue mombrrnes

Hean Do you believe that the increase in chiclosterol v noenuse an
effect, or an independent parallel of the chinnge in permeabilits viu found
In relation to artenosclernis®

Airk T have no real opinion on that point  We merrly enrried out
determinations of the total Jipid and eholesterol content of the aartic
memhrnes to have it quantitative index of the pathologienl changes in
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the tissue, but 1 have no opimon on the direct relation between the
cholesterol content and the diffusion eneflicients

Bean Was there an individual correlation as well ay an average
rurrelation?

Rark We have only carmed out experiments on 50 membranes, and
the number of samples for each five year group 1> too smatl in my opmon



THE CHANGING INCIDENCL OI' CERTAIN
VASCULAR LESIONS OF THE SKIN WITH
AGEING

W B Bray, un,

Department «f Medicine and t1e Univernity Hospials of the College of Ve lieine
State University of forea, Frea oty U S 1

Trr subdued tones of discussion of the sombre uspeets of
ageing have echoed down the immemorial lines of history,
and the subjeet has been treated varowsly by wrters and
phulosaphers from Cicero to Ponce de Leon, from Senees to
Browning  Our recent preoccupation with gerontology m an
ageng society csts oblique Darwmian hight on those who,
growing old, pontific ite upon growmng old Jray hatr, obety,
wriihlcs, prosbyopr, loss of muscle tone, the menop s,
the burdan of discase i Inter decades—all these have Ind
mncrensing  attention Yesterday & antroductory pmlunL"
mmng for a ddimtion of agang without a prior defimtron
of hfc or of tme Newtonan or Binstamnn—illustrate the
large dfliculties of our problem  Is ageing mercly the running
down of a wound up clock, o Cafvinstic siew, or vt such
process in a dlock whieh 1s bulleted about and thus does not
run as long as its unbufleted control?

Yesterday s suzpestion that we get morc data by observing
the process and progress of agomg ns 1t goes rather than Jook
at the artficlls stopped frame m n moving picturc of
panorame dimensions gives a mere chimeal observer some
avause for particapting an this collogquum which 1 tahe fo
man talhing to ek other  Thus as Junor i wisdom and
m vears but still a member of an agang socicty, I join m our
werensmg and o 17 consaaous focus upon gerontology 1 hope |
may mod a ganatne hazard not alsass cscaped o the

#0
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ademic arena that of becoming mellow before 1 have grown

P\eh brief discussion today toncerns sascular lesions w the
Wn and ther mereasing ncidence with adsanaing years
or the most part 1t emphasizes observation rather than
nterpretation 1 have no evidence fto demoustrate
d n al or genetic mfl The study
rep;eeents merely the first step n chnieal research, whieh
> systematic observation and recording of data 1 have
only vague notions of why the several types of lesions
oceur at all and can gmve you only speculation about the
effect of increasing age upon them
The observations began about fifteen years ago when I
failed to get any hielp about the nature of artera! spiders from
the Nestors of Amencan medine <t Johns Hoplans or
Harvard I was sufficiently curtous to attach the problem
from the simple approach of the natural istorian  Having
Irecome 1nterested 1n one hand of vascular alteration of the
shin I noticed others closely or distantly related, or sometsmes
merely confused 1n the medical wntings on the shin The
data reported here are based on o study of about 700 persons
with arterial spiders and palmar erythemn, 75 persons with
Oslers disease and more than 1,000 patients surveyed m
detail for cherry anglomas, venous stars and eaviar lesions

The senous lnke on the ear has been studied systematically
only recently

Spider Namvi
To try to throw hght on the significance of the eruptine
spider pavus (kg 1) of lver disease and pregnancy L made a
senies of studies whnchi led to the by pothests that such ascular
lesons were overgrown and hy pertrophie end artenes whose

INETCISE 1 w17¢ $as probably caused by @strogeme harmones
In chrome disense of the lver these |

harmones are m high

:cn:;n‘\tm\mn w the blood because the hver cannot ndge

‘\\\,:;‘ct: “:\‘ncm ntc\, &\les!to} or exerete them  In pregnancy the
unetion:

T fu S sellbut the lesel is hgh because the hormones

r's
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are produced an great quantity  Sinee approvimateh 10
per cent of normal persons mty have one or more vascuhr
spiders therr climieal sigmficance 1s import int onhy when tere
are many, when new ones appear or when they enhee 12
The eruptive spuder nrest oceur 1n the childbeanng period 1
women and 1n the crrrhotic patients mosthy m the thirties
and forties There 1s no apparent relation to age per se They
occur 1 very voung or very old pervons

Palmar erythema as an acquired vascular change m fe
shin has the same backgound, course and nge merdence »
spider nevi ‘The relationship to by percestrinzemia by not
so close though there 1s the same clmieyl bachground

Venous Stars

As the name imphes the venous star (g 1) 1 a stelhie
system of collecting vemns viable m the <hin and hrger than
those i normal shin - They are small vaticose vems 1
cules appearing usunllhv  upstream an venous collecting
svstems of the shin where pressure s regularly or tntermt
tently lugh  They are common on the fower logs and
m association with farger varices  Blood flows from the
periphery to the centre thenee to nu underlvng colloetin?
vemn  Such lesions mas appear in hirge numbers over the
chest an persons with obstruction of the supertor venn cvd
duning the period of dovdlopment of collaternls . Tt 2
<hows that as age mereascs many morc peeons are found 10
have venous stars  There 18 & consstent tendeney for more
women than men to be affected moany age group FRERA
associated with the wdl known tandency for women to hue
more and wore saricost vans than men

Cherry Angiomns
There are mam names for the duster of small dilatel
enpillary vessels which form the charcterstic b it red
ruby spot, De Morgan®™ spot semle angioma or eapillany

angioma  The size and shape vary but the typieal spot
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ronnd the smal ones flat, the larpe ones clevated and dome-
shaped  In roost persons when the lirge ones oceur, magm
fication of twenty imes res calsmany smaller oneswith but one

6 0 4 €0 00

PERCENT

Tic 2 The inereasing inci ence of venous stars wath increasing
age In eserv decade women outnumber men The bars ivdscate
the perventar of afl subjects found to tave one or more lesions,

B1c 1 Tnctlence ot of erry angloma by sex and decade

at a few copillany tufty  Pressure

parthy blanches the les
and the colour and the naturat sh pe are restored after ab:x(:::.
nminle Age g 3 shows the rpdly nsng medence
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with anereasing veirs <o that m the thurties about three
quarters of the persons observed have the lesions and thev
are almost alwayvs found n the aged  Not onhv do mox
}’COI’IC become aflected but the spots are mare numerous nd
'"'gCP

Caviar Lesions
The cavir lesion s a small, rougshh spheneal or dome
shiped varicose enhirgement of the poorly su]vpurtod 1o

o ]
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60 69;" _bwo—E
BTN el

20

40 €0 60 00
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11 5 Incitenec of avisr tet ae lesions by xex ar § deale

1 the collecting svstem under the tomge  The sanll on®
devedop ns an outpouchmy of o branch of a communi [T
vom near the ranme sans - Prossare with o gInss sl cnne
thom to crmpts hoots and dusters of such vossels with 2
darh blue or black colour resemble cavant or buck shot {act
Faye $) Anatormeally the caviar loston is o diatedd von woth
T poplastie endothe btun bt s faeely thak wall  There are
no anflamm story changes  fge Hhere iy slrp and farls
Cteady mcrease wwedent withainercasing age and the Jess 0
grow hrger amed more numesons (L %)
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Osler’s Disease
(Hereditary Heemorrhagie Telangiectasia)

The cutancous lesion m Oslers disease 15 usually flat,
punctiform  with sharp margins Solhid blwsh lesions may
occur The mucous surfaces of the body, espeanily of the
mouth and hips are favourite sites  Bleeding 15 common as
would be expected from the vascular fault, a deficiency of
smooth muscle and elastte tissue mn small vems, arteries
and capillimes  The trait s transmtted without sex
lnka.e as & Mendelian donunant Recently a number of
persons with tlus disorder have been observed to develop
pulmonary arteriovenous ancurysms  Age 1 have observed
some children with no shin fesions who bied from the nose
atid after the age of puberty atypieal telannectases appeared
w the shin  Bleeding 1s rave before puberty It most often
becomes a chimeal problem duning the third decade and so
remams throughout ife  There may be slow increase m size

of some festons others mav vamsh but the change 1s wsually
gradual over o period of years

Venous Lakes
In recent veurs [ tane made observations on o dilated
venoty structure found on the ears and lips of old persons

They arc rare i women but not so rare i old men  1n colour
thes are darh blue T

plete blanehung i
reverls a thin sascul

J Discussion

The Bic of man witnesses many changes m blood vessels—
the wreat prolifcrations during embrs ony life, the sharp slufts
«f the neonatal period  the tendency for tarthmarks and

haman_iomas generlly to disappear during the early years
of bfe  But there are vasewlar alterations of another elass
eudily observed i vessels of the siun wlhich inerease i size,
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with increasing year <o that in the thirties about thre
quarters of the persons observed have the lesions and thy
are almost alwazs found m the aged. Not only do mox
people become affected but the <pots are more numerons a~d
larger.

Casviar Lesions
The ecaviar lesion 1 a small, roughly spherieal or dom~
shaped vancose enlirgement of the poorly supported vam

™
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Fic 5 Incdenee of enviar tonme lewions by <ex and deewde

m the collectmg svstem under the tongue. The smalt enes
develop as an outpouchme of a branch of a commumerti
vem near the mnine vemns. Pressure wath a gf iss shde cines
them to empty - Knots and elusters of such vessels with 2
dark blue ar black evlour resemble caviar ar buek shot {se¢
e, 4} Anatommealhy the caviar levion s o dilited vem with
hy poplastie endothelium but a farly thiek wall - There are
no mflammatory changes  {ge There v a sharp and farh
steads merease m merdent w 1th increasmg age., and the lesions
aron ]'\l’;!('r and more numerous (Flg 3)
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puzzle 1t mght be said with more justification than 1 now
possible that
“small inferior veins
Trom me recen ¢ that natural competency
Whereby they e ”

Corwlanus, Aet I, Scene 1,
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number and 1n frequency of occurrence with agen? InFir 6
the effect of ageng s noticed m the somewhat reciprocal
relation of persons exiubiting all three of the venous lesions
and those who have none  While the cherry angioma s
proltferativ e and grous larger as tume gaes on the vessel walls
are thin and atroplue  Caviar lesions are dilated and vancose
vens of small size Their enlargement may be fayoured by
mereases in pressure especally because they nre not protected
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Lo € Ageoand sy ditribution of perons with all three
venous lesicns nnd tho e with nope

by supporting tissue without or valves witlun  Venous stan
merease with agemg cliefh n relation to chrome stasts 11
Iarge semns, but mayv oceur whenever the senous pressure
remawms lugh

These obseriations provide a starting pomt for detanled
work on the merease n frequency, m size, and m number ¥ ith
agemg  Notlung emerges to tell whether they are the result
of the intrinsic process of ageng, the mere passage of time,
or whether they result from the stress and stran inherent 1n
Iife and increase with ageing because enyironmental stimubl
acerue as time passes Should further work help solve the
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dastie hissue of the medie and the relations of such elastic
ta ¢ The only feature that s clear

tissue changes to atheroma by &
1 that the less defimite a lamina {elastic) protecting the mecia,
the more defimte 15 the atherosclerosis ( Ophuls obsersed
hat the most iportant change caused by ageing of the
artertal wall 15 & gradual diffuse distension due to the pro
prevsne detenoration of the elastie tissue  Wells axgued
strongly for the importance of elastic tissue failure n
artenosclerosis  The fact 15 that a large volume of data had
been ae ted deseriang a eb tenstie fraymg and
fragmentation of elastic tissue n arteriosclerosis  frequent
reduplication of the elastica wterna and development of a
profound aftimty by elastic tissue for calomm salts Cunously
enough Amtschhow who fathered expenimental cholesterol
theroselerosis pomted out that lesions of the arterial wall
coupled with mumanl fibrosis prcﬂﬁposb 1o atheromata m
the presence of hy percholesterolemin

It s quite understandable that Amtschlow s production of
atl eromata by the admimstration of cholesterol resulted in
an mtensive effort over the last twenty years to hnk arterio
sclerosts to faulty hipd metabohsm  These studies have been
stonghh remforeed by the hpoprotein studses of Gotman and
of Barr by the dietary studies of hevs and by many others
100 numcrous to enumerate  As these studies developed 1t
$ecame mereasingly difficult to relate elastic tswue changes
m the arterial sall to the ztiology of artenosclerosis

Our laboratory bias been led to the conclusion that arterio
sclerost, misy be considered to be not one but two discases
One disease mvolves a defect s cholesterol metahohsm or
arcalition whie the second disease {s mamfested by a
toeabdown n the structure of the elastic elements 1 the
medin f arteries accompanted by a calerfication of thus
elasiie matenal (This potnt of view was supported by our
ol sertatiuns on buman matenal that 1 £ elasue tssue breah
down weeurs prior to the formation of atheromata that the
changes i clastic tissue are ascociated with age and may
OFTur withaut stheronvata (the tom erse 1s pot true} and that




AGLING OF LLASTIC TISSUL AND THE
SYSTEMIC EFFLCTS OF ELASTASE

Armirt L. Lansing, mob,
Depariment of inatomy, Fmaery University, Georga

It 15 nteresting to note that although collageme and
clastic fibres have closely related origins, they are remarhabh
different functionally, chemienlly, and anatonneally. The
collagenie fibre 15 a tough, stretch-reststant clement that 1s
quite rich 1w hydroxy prohne and 1 characterized by regular
transverse periodierty  The elastie fibre, as the name mndreates,
15 very clastie, contams nnbmc of hydroyx) proline and
15 annoy ingly free of structural characterrsties  The latter 15
espeeinlly true of elastic fibre preparations n the clectron
microscope o propos of the present discussion it may also
be added that these two fibre types difler i their susceptis
bility to patholozical alterations, there are a great number of
diseases affecting collagen and the generahzed fibrosis of
agemg 15 almost a diagnostic feature of that proeess. On the
other hand there are but a hnuted number of discases of
clastic tissue, and the agemng of this materiahs Inghly localzed
ass (1939) has reviewed much of the data concermng
clastic tissue diseases

In my present discussion 1t 1s mtended to review some of
the data on age changes mn arteral elastic tissue and 1ts
relation to human arterioselerosis, and to note that the age
changes m dermal elastic trssue of the human are strihingly
different from those found n arteries

Arterioseleroses, edited by Condry m 1933, reveals a sur
prising unarmity of opmon m regard to the nature of this
disease.  I'on, n outhning the phy logenctic aspeets of arterio-
«clerosts, emphasized the sigmifieance of changes m the

88
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elastie tissue of the media and the relations of S‘l.lch elalslm
tissue changes to atheromata * The only feature that 1s clear
1o that the less definite a lamma (elastsc) pratecting the media,
the more definite 15 the atheroscleromy” Ophuls observed
\hat * the most wnportant change cawsed by ageing of the
arteral wall 15 o gradual diffuse distension due to the pro
wressne detenoration of the elastic tigsue”s Wells argued
strongly for (he mportance of clastic tissue farlure 1
attenonclerosis The fact 1s that a large volume of data had
been accumulated desenbing a charactenstic fraying and
frapmentation of dlashic tissue 1n artenoscleross, frequent
reduplication of the efastica nterna, and development of a
profound nffinity by elastic tissue for caleim salts - Curnously
enough, Anitschhow, who fathered expenmental cholestero}
atheroselerosis, pointed out that lesions of the arteral wall
coupled with mtimal fibrosis predispose te atheromata n
the presence of hy percholesterolzmia

R 1s quite under

dable that Amtschhow’s production of
atheromata by the admimustration of cholesterol resulted mn
an mtensie cffort over the last twenty years to link arterto
selerosts to faulty ipnd metabohsm  These studies have been
stronzhy remforced by the hpoprotein studies of Gofman and
of Barr by the dietary studies of Keys, and by many others
too numerous to enumerate  As these studies desveloped 1t
became mcrersinghy diffienlt to relate elastic tissue changes
w the arteral wall to the =tiology of arterioselerosis

Our laboratory bas been led to the conclusion that arteno
scleross mas be considered to be not one, but two diseases
One disease isolves a defeet 1 cholesterol metabolism or
crculation while the second distase 15 mambested by a
Ureahdown 1 the structure of the elastic clements 1 the
media of arteries secompamed by a calesfication of this
elastic matenal (T\us point of view was supported by our
observations on human materia! that the elastie tissue breal.~
down eccurs prior 1o the formation of otheromata, that the
changes m elastic tssue are assotated with age and mas
oecur without atheromata {the converse 1 nok wree), and that
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AGLING OT ELASTIC TISSUE AND THE
SYSTEMIC LFFECTS OF ELASTASE

ArprT I LANSING, 10 D
Depart nent of nat ny Fmory Uniersity Ceorgra

IT 15 mteresting to note that although collageme wd
elastic fibres have closely related orgns, they are remarhably
different functionally, chemeally, and anatomieally The
collagente fibre 16 a tough, stretch resistant element that v
quite rich m hyvdrony proline and 1s charactenzed Iy regular
trinsyerse periodieity  The elastic fibre, as the name mdicates
15 very elastic contamns nnl_)mc of hydrovy prolne and
1s annovingly free of structural characteristics  The Iatter s
espeennlly true of clastic fibre preparations i the electron
mucroscope < propos of the present discussion 1t may abo
be added that these two fibre types differ i therr susceptt
bility to pathological alterations there are a great number of
disenses affectng collagen and the gencrahzed fibrosis of
agemg 1s almost a diagnostie feature of that process On the
other hand there are but a hmited number of diseses of
dlastic tissue, and the ngem g of tlus material 1s Inghly locahized
Iass (1939) has reviewed much of the data concerming
clastie tissue diseases

In my present discussion 1t s mtended to review some of
the data on age changes m arterial elastic tissue and ats
relation to human artertosclerosis and to note that the age
changes 1n dermal elastic tissue of the human are strtkmgh
different from those found mn artenes

Arteriosclerosis, edited by Condry 1 1933, revenls a sur
prising unamonty of opmion m regard to the nature of this
disease 1oy, m outhning the phy logenetic aspects of arterio
selerosts, emphasized the significance of changes 1n the

88
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wo dim { paper chromatography appears to be an
rl;‘;ch\c means of 1chlamc!eﬂzmg elastin  After complete
hydrolysts, trvptophane ewists as a frace 1n clastin {Lansing
Aol 1931) but 18 8 sigmificant component of other tissue
protens By tracing the disappearance of the mnhydnn
colonzed tryptophane spot n the chromatogram one can
readily detesmine when contaruwants of elastin are removed
Tins was done 1n the NaOll digestion senes and 1t was
determined that the tryptophane spot disappeared after
forty to fifty ounutes At tlus time, glycine, proline, leucine,
woleucine and saline were ready dentified 1n the chromato
gram and minor spots for aspartic and glutamie acd were
present  The finding of these nmino acds as the principal
compontnts of elastm 15 consistent with published analytical

data for the amino acd tion of elastm (N and
Logan 1950)

There wasa progressive reduction in the amount of residual
matenal through forty o forty five Tmnutes of digestion, after
winch time the residual dry weight was constant through
sixty minutes  These data seem to indicate that digestion of
ehistic e w bot  didute alhalt for less than forty five
nunutes 1s not adequate to remotve extrancous matenals from
the tssue (Fig 1)

Hieroveopie exammnaton of ssmples digested wm NaOJf for
time perieds ess than forty five mimutes revealed vanable
amounts of collagen and muscle after staimng with Mallory’s
procedure At and after forty five munutes no collagen or
muscle could be demonstrated and the elastin was ophieally
homo enous el , and app ly free from
nating structures  Lilewise, elastn prepared from higamen-
tum nuche way free of collagen 1 sa far as could be determined
by hght mucroscopy and electron wieroscopy It was bre
fengent when stretehed, or dried, had a refractive index of
Y 53 was rewistant to digestion by erystalline trypsin

{Vrmour) and staned eff,

ectinely  with orcemn, Tes .
fuchsin, or the V erhoefT procedure 3 OTCIN:
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when these two lesions co exist the nccumulation of choles
terol 1n the mhima occurs after the elastic tissue of the
underlying media has broken down

Whether or not this formal hypothests ts sound 1s not too
tmportant. The cardinal pomt 1s that in human arterio
sclerosis there 1s an almost myanable association of medul
clastic tissue degencration with the conspreuous atheromata
The questions are what relation 1s there between cholesterol
accumulation m the ntima and elastic tissue breakdown m
the media; and, 15 there 2 common factor responsible for the
production of both of these lesions?

It would beevcessively repetitious to present once agwn
all of the histological and analy treal data which have contrt
buted to the devclopment of the pont of view of my Iabort
tory. T'or the purposes of thus discussion 1t might be more
appropriate to make a few pomts on the chemustry of elastic
tissue m relation to age and arteriosclerosts and to attempt
to evaluate factors that condition clastic tissue mn these two
states  Smnce all of our data depend upon the method of
preparation of elnstin this procedure will be described before
making three pomts, first, that although elasticity of arteries
decreases™with age, there 1s no apparent loss of clastm,
second, that elastin extractable from old human aortas has
ar ammo acd composttion distinet from that of young elastic
tissue, and tlurd, that elastic tissuc degeneration as measured
by calaification thereof occurs as a function of age

Preparation of elastic tissue

Elastin may be prepared m a reproducible form and with
several objective measures of purity A shght modification
of the method of Lowry, Giligan and Katershy (1941) was
applied to the tunica medta of fresh aortas  The tissuc was
reflused n methanol or ethanol for one hour and m acetone
for a second hour. This defatted materal was then digested
at 98° Cn 0 1 ¥ NaOH and small samples taken ofl at five
minute time intervals for chromatographie, lustological, and

chemucal analyses.
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eontent s sygmificant Certanly there s no wignificant gain
or foss of th:n“ after the third decade of hfe {2 somentat
The data for the pulmonary artenies fulln\;;'( ::‘; oot
tas ur
t pattern from those of the aor
‘l‘\\\[zxﬂt‘legdu of hfe the medin of the pulmonary nrtery
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contatned shghtly less than 31 Prreent elastin This iereased
stmb but stendify throu hout e to 34 Per cent i the
*veath deende and 16 almast 27 percent 1n the aghth deeade
The merezse witly sgrofelstin although «mall 15 statistically
“.mbernt

Twould appenr then that at least after the seeond deende of
lle the clastin content af elitie yesoel, stch as the aorty
anl putmonar, srtery either romups eonstant or actually
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Constancy with age of human arterial elastin

A total of 110 human aortas and 106 human pulmonary
arteries from wiieh both mtima and adventitin had been
removed by stripping were analvsed for elastin content by
the method just outhned

The results obtmned by these procedures on aortas ringmg
m age from stillborn to onc hundred and three ycars are

]

8o

PER CENT INITAL DRY WEIGHT
8 8 5 & 2

3

R Rt TR L - I
MNUTES
1w 1 Hadrolysisof lumanaortwin @ 1N N0 showng that
icubition nt 98°  for at least 4o minuites 1s needed to | rocury
a constant resi luum of mseluble el istin

summarized v 11z 2 lhe average elastin content of the
media during the fimt two decades of hifc 15 shghtly over
48 per cent while the average clastin content i the thurd
decade and thereafter drops to values ranging between 41 1
and 44 1pereent Beenuse of the lnited number of specimens
av ulable for analysis m the first two decades 1t 1s diflieult
to deaide whether or not this apparent drop 1 medial clastin
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mont of that from old indn 1dunls settled to the bottam hlz\
ample of the suttably washed hight fricton {young )(lgml
was prepared from several young aortas and some O
heavy matenal (old heavy) was prepared from old aortas
Roth of these mateaals were analvsed for ealem and the
contents of 18 amno aeids

Table [
Pracrsracr oF TAINGPAL Auise ACIDS 3% Punreien Frasny rox AosTA

( [ o

014 1 5%
184 4 4+
20 5 230
16 4 143
126 188
68 T4
33 a7

N golfieant incrence

In Table 11 are shown the contents of 18 amino amds m the
by it fracton of young aortic elwhin and the heasy fraction
of o1 nortse elastin prepared by suspensien i suerose 1 the
manner desenbed previously  In the eace of the 7 ammo
soids whieh were determined on whole dlastin {Fable 1), the
differences abiserved between the voung hght and old heasy
fractions were ofl similar to those faund for the young and old
whole cltin The old heavy elastin showed mersacac =

PR

yra ploups i thie old heavy sample In
addition there was a deererse m the content of alanme Al

«{ the other nminn acuds howed mereases of vary g degree
w the old heass elastm Approvimatels 90 per cent of the
nitozen of both samples was aceounted for by the analyses

The light fraction contained 1 14 per cent ealoium wiule the
Beany friction contamed 6 39 per cent
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inercases  The loss of arterl clasticity with age cannot be
%’\ttnlm!cd to aloss of elastic tissue It 15 more Iikels due to
change i the propertics of elastie tissue with age

Amino acid composition of young and old arterial
elastin
Microbuological assay of nortic and pulmonary ehstin
prepared in the usual manner was effected by the method of
Roberts, Ramasarma and Lewis (1950)  Nitrogen analyses
mdicated a content between 15 and 16 per cent suggesting
that clastin 1s largely protem {Iighly significant increases
in the contents of aspartic and glutamee acids were noted m
e snmples of old nortic elastin as compared to those of the
={"young elastin) i confirmation of the chromatographie
findings Therc were also inereases 1n the contents of amide
mtrogen  However, there was a four fold merease n the
excess of dicarboxylic acids over ammde mitrogen, showing
that the quantity of free carboxyl groups was mercnsed
sigmficantly 1 the older specimens The mean values for
vahine, proline, and gly cine contents were somew hat lower 1
the older samples, while the leucine and isoleucine contents
n the two groups were closely simlar {{In contrast to the
findings for aortic elastin the pulmonary elastin did not show
mereases 1n aspartic and glutamie acid contents with ngc) The
other amuno acids also did not change sigmficantly “ The
contents of the proline, leuetne, 1noleucine, and valing were
virtually identieal with those found m young aortic elastin
However, the contents of glyeme and the dicarboxyhie ammo
acids were lngher m the pulmonary clastin - The quantity of
free carbonyl groups was at least twice as great as that found
m young aortic elastin, winle the range showed some oy erlap
with that of the old aortie clastin It was found that a separa
tion of fractions having diffening speaific gravitics could be
achieved by differentinl centnfugation of finely ground
clastin (Wiley mull) in sucrose solution (sp gr 1 30) Most of
the material in samples of aortic clastin from very young
mdividunls floated on the solution after centrifugation, while
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calcification of medial elastic tissue

M};\\e question s repeatedly anisen whether the ‘\::zu;(‘\;::
and calerfication of medial elastie fissue 35 4 seque therd-
smatoss or whether this 1s sn age dependent phenomenos -
an attempt to tesolie this question atheroma free s;sgm“ o
of the upper abdominal porbons of bumen st e

coftested and both adventitia and intima were Sepatd! \:{ ‘y
stippmg To guard agmnst chemieal contarmnation of the
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sefected aress by adjeent and overlyng atheromata or
neerobie nnd caletfied plhgues we selected for analysis 14
nortas which possessed an over sY ramimam of atheroma
tenss Little difliculty was expenienced i callecting atheratmg.

frce e the young group while considerable selection
was remured i the older specimens

The sepumted toours erflected 1n tiny ape seres were

atalived for ealem content b3 the method of Salomon,

G lro and Smith, and fur eliolesteral content by the method

of hnley and Sehaffert The data as summanized 1n Pz 8

show thay Ahere oy 1o sigmsficant age ehange m the amoupt of
[PT

[
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Table 11
131vo Ao CoMPOSITION OF Y otng Lioitr AND Orp HEavs Liastty
Yo ng hubt * | O ey q
fmoo ded 2R rendhen | g p fined
Aspartic 038 11
Glitamie 1 83 301
Glycne 26 10 21 30
Prolne 10 10 80
Leucine 4 5. 4"
Isolencine 210 233
Valine 13 00 11 50
Alanine 23 18 2188
Lysine 0 49 117
Arginmne 1-38 4 3
hstidine 015 075
Cystine @ a6 010
Methonmine [N 03
Pheny lalanine 173 197
Tyrosine 145 176
Tryptophan Qo0a 04
Serine 0 29 oo
‘Threon ne 063 113
Amide N 2 90 2 86
SRR
Total 90 83 a0 17

11 is preparat on contai ed 1 14 pex cent calc un an1 14 6 per eent \
+1b s preparat on conta ned 8 39 Der cent Caan 112 § perce ¢\

These data mdicate that the ammno acd ecomposition of
young and old arterial clastin 15 sigmficantly different
It 1s doubtful that the shift 1 ammo acrd distribution
represents a change with time m the amino acid composition
of a pure proten  The elastin studied may be a mvture of
\mo or more proteins and the changes observed mayv be
related to differences 1n the ratios of the separte constituents
How such a change can come about 1s not yet hnown It i
possible that the protems laid down later n hfe may he
ifferent from those formed earlier beeause they are formed
under the mfluence of fibroblasts which themselies hive
ndergone age changes
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\ matnx matenaf which together mahe up the elwtie
hl;; 4 tecont study of the phylogenctic dntribution of
hitase, Lansing, Rosenthal and Alex (1933) not only found
this enzvme n A teleost fish but also determmed that it
was present 1n the 1iel Tather than aemar tissue l‘mpﬁl\lls
pucatoriur (goose monk, angler fish) ke several other
teleonts has 1slet tissue that 15 anatomically separate from the
acinar portion of the pancreas Each, then, can be rollectert
separatcly and 1o selati ely pure form Ve found the elastase
actisity to be confined exclusivelv to the islet tissue and were
thus fed to suspect that elastase has a svstemic rather than
dzestine function This suspicion s supported by the well
hnown observation that elashie fibres resist digestian m the
alimentary tract, adult human pancreatic ymee has failed to
show clastase activity the y1eld of elastase from whale
pancreas 15 extremely low and heef pancreas 1s an excellent
source of clastwe  Since this ammal 13 herbinorous there
weuld appear to be no need for 4 digestive enzyme for elastic
tivsue
inlo and Banga have recently indicated {1933) that the
dstase content of the pancreas of human arterosclerotics 1s
sut stant afy less than normal  Close nspection of thar
tabular data shaws that ape 15 a8 much a vanable w thewr
materti as 15 artenoselerosis  For exwmple, the group of
artenoseleroties wineh vield a mean of 9 clastase umts per
trom had an average age of sixty-onc jears, the group of
nen artenoscleroties who came to nvtopsy because of other
diseases had an average age of thirty four vears and a mean
af 183 elstase umits per pram, fasth, the group of non
artenoscleroties who eanie to autopsy through 1 wolent death
bd an avernge agc of thirts -one vears and 208 elstase units
(¥ ram e The posaibility appeass to evist that loss of elstase
w1y be related to antenoseleross audfor Tgemg
\“\‘\*‘:3;:“’!‘(‘:\)\)“:1:\!:;::‘\'“ lx;cn ervstallized by a rather labor
Lrepred e tthe mm:r)“ o greld this matenal s generally
AR a paneredtic et by aed
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medial elstin or m the ealelum and cholesterol contents of
the mtima There 1s a small merease in the cholesterol content
pf the media and a tlurts fold mcrease 1t the caleium content
f the medial elastin It would appear from these data that
he development of an affimity for caleium by arteral elastic
( 1ssue 1s an age conditioned process
It scems clear that change i composition of human
\/m'tcrml clastic tissue, which 1s almost invanably associated

with osverlymg atheromatosis 15 age conditioned  That nge
alone 1s not effective 1s attested to by the fact that the
pulmonary artery 1s normally resistant to elastic tissue ehane
at all ages  The pulmonary artery does develop tvpeal
elastic tissue changes as well as atheromatosis when 1t 1s
subjected to stress as in pulmonary hypertension

In presenting these several forms of data T have not leen
attempting to propose that the primary lesion of arteno
selerosis 1s elastic tissue breakdown rather than accumulation
of hprd m the mtima My pomnt 1s that arteriosclerosis 1s &
complex disease, at least in the human arterioselerosis is a
product of both accumulation of liprd n the intima and
degeneration of clastic tissue i the media of arteries The
questton 15 Is there a common basis to both of these lesions
or 15 their oceurrence comerdental? I suspect that the former
tossxblhty 15 valid and that the material called clastase may
¢ implicated 1 both elastic tissue and hpd metabolism
The data are far from complete and elastase 15 as yet poorly
defined but sufficient experimental data are avalable to
warrant serious consideration of the role of tlus matenal m
arteriosclerosis

Elastase exclusively extractable from the panereas, was
ongmally prepared and characterized as an enzyme by Balo
and Banga (1950) 1t 1s apparently speeific for elastie tissue
and acts upon the substrate to comvert o fibrous praten to
the globular form m solubthzing elastic tissue there ts no
apparent release of peptides or anuno acds  In tins labora
tory elastase has been used to work out tlie fine structure of
clastic fibres The enzyme solubthzes both elastic fibrils and
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artetil elastic hissue, the data are largely ustochenmeal  As
« matter of fact there 15 some queshon W 1Y mind as to
whether ur not the clastic hissae chamges 1 seale elastons
. 1 -~ Tn so far as ¢an be
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extraction and salting  In such extracts the elastase actity
wm viro or n troas destroyed by bothing  The elastase actinty
of pancreatic estricts persists after fat estraction and
dialysis  Cunously enough although these conditions would
suggest that elaste 15 2 protem, the systemic effects to be
outlined were obtamed by oral ndmunistration of the matenal
A umt dose per rabbit was that amount of elastase extractable
from 5 grams of panercatin (Viokase, Viobin Corp , or Wilson s
concentrated pancreatm)

In two groups of tracer studies using *C labelled acetate
(COOH) and glyeme (CII;) with and without elastase, 1t
appears that the oral adommstration of tius material has
symifieant effcets on the metabolism of aortie clastie tissue
Rabbuts, mn groups of five, were given 0 1 mc of exther of the
two 1sotopes by itraperitoneal injection and followed for
two to twenty aight days  Amimals were saerificed at vanous
time intervals after injection of the glyene or acetote, the
aorth from the arch to the diaphragm was removed, fat
extracted, reduced to elastin, hydrolyzed and transferred to
planchets for countmg  The only difference between the
controls and expertmental rabbits was that the latter recensed
dmly doses of clastase for the duration of the experment
The dta are summanzed 1n tabular and graplie form {Table
111 & Tig #) The results with the controls indieate that the
metabolism of elastic tissue 1s considerably like that of collrgen
as established by Neuberger using comparable doses of the
150topes Tivery indication s that the turnon er of elastic tissue
15 very low, and mdeed after admimustration of elastase 1s even
Jower than i the control It 1s difficult to proposc a formal
explanation for this result, one possibthty s that clastase
removes a particular component from clastie tisste, one that
15 substantially labelled in the control  Whatever the final
explanation for tlus phenomenon may be, 1t 15 elear that oral
admimistration of dastase has an 11 vizo eflcet on the sotopic
Iabelling of elastic tissue

The mformation we have on ageing n elastic tissue
human shin 1s much less complete than that avalible for
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artenal clastic tisue; the data ate largely histochemical. As
 watter of fact there 15 some guestion 1 1My mind as to
\hether or not the elastic tissue changes in serule elastosis
hould be referred to as an age change. In so far as can be
letermmed semle elastosts oeeurs only 1 the dermis of skin
hat is chromeally exposed to the elements, such as face,
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hack of the neck, and hands, 1t does not oceur m skhin that
l(\‘ uu;cm:a\\) c)owrcd by clothing 1t would seem that this
1e tissue desion 15 a product of external stres:
for long periods of tine. e operating
ml‘r; senile elastosts the normal bed of delicate elastic fibres
‘n \;:;rs papilarss of the dernus as rdlaced by a coarse
\—l:“ :\;f ‘1 hres :‘:vi‘) times thucker w dameter than pormal, In
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extraction and salting  In such extracts the clastase actity
mulroor m o destroyed by boiling  The elastase actisity
of pancreatic extracts perssts after fat extraction and
dmlysss  Curiously enough, although these conditions woull
suggest that clastase 15 n protem, the systemic effects to be
outlined were obtamed by aral adnumstration of the material
A umt dose per rabbit was that amount of elastase extractable
from 5 grams of panereatin {Vickase, Viobin Corp , or Wilkons
concentrated pancreating

In two groups of tracer studies using C Inbelled acetate
(COOII) and glycmne (CH,) with and without elastase, it
appears that the oral admimstration of tis matenal has
sigmficant cffects on the metabolism of aortie elastic tissue
Rabbits, in groups of five, were given 0 1 me of either of the
two 1sotopes by mtraperitoneal njection and follawed for
two to twenty eight days  Ammals were saenifieed at vanous
time mtervals after injection of the glyeme or acetete the
aorta from the arch to the diaphragm was remoived fat
extracted, reduced to clastin, hy droly zed and transferred to
plnchets for counting  The only difference between the
controls and experimental rabints was that the latter recen od
duily doses of elastase for the duration of the experiment
‘Ihe data are summanzed m tabular and graphic form {Table
III & Iz 4) The results with the controls mdieate that the
mctabolism of elastic tissue 1s considerably like that of collagen
as estabhished by Neuberger using comparable doses of the
1sotopes  Every indication 1s that the turnow er of clastic fissu¢
1s very low, and indeed after admimisteation of clastase 1s eved
lower than m the control It 1s dilficult to propose a formal
explanation for tlis result, one possibihty 1s that clastase
removes o particular component from elastie tissue, one that
1s substantially labelled 1n the control Whatever the fim
explanation for this phenomenon may be, 1t 1s clear that oral
admimstration of dastase has an 11 1120 effect on the 1sotopic
labelling of elastic tissue

The nformation we have on agemng m elastic tissue W
human shin 15 much less complete than that avalable for
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artenal dlashie tissue, the dato are largely Yustochermead  AS
» matter of fact there 1S some guestion 1 MYy mind as to
whether or not the elastic qssue changes 11 sentle elastosis
should be Teferred to as on pge change  In so far as can be
determmed sentle elastosis occurs only 1 the dermus of shin
Ithal 15 chromeally exposed to the elements, such as face,
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boek of the neck and bands 1t does not oceur in shan that
\xs rormally covered by clothug It would seem that tus
elastie tissue lesion 15 & product of external stresses operating
for Yong perteds af time )
In semle elastoss the normal hed of delieate elastic fibres
\.‘s’.‘n‘t‘“f‘nﬁ pnpx’ll s of the dernus 15 rédlaced by & coarse
- ﬂl»; ‘1';!‘15 3 i\ umes tucker 1n diameter than normal  In
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which distinguish them from the clastic clements found m
sentle arterses

The senile clastic tissue of arteries mamfests a weah
acidophilin whereas the opposite 1s true i sentle elastosis
When the elastie fibres of the latter leston are stamed witha
dye such as methy lene blue or tolurdine blue the fibres evlubit
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11+ Graphs showmz the uptake of 3 libelad ghyeme m
norml mbint aortic ehstin and i aortic ¢listin of rubbits

treated with ehistase

a strong basophilin - No evidence of metachromasia s beest
observed so far by us  Another strthing difference between
ngemg of arterial aud derml elastic tissue eusts m the
cilcium content of the two  As has already been mdieated
the agemg of arterial elastic tissue may be measured n terms
of the amount of ealetum 1t contatns  Juy ele arterial elastic
tissue 1y free of edeium, with age 1t progressively tahes up
e, v muek as 16 per eent of the dry weight of the
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punfied clastin Inmicro memerated preparations the calamm
n elastic fbres may be recogmized as very heavy deposits of
a bnlhant white ash when the specimen 15 viesed with darh,
feld ve hne made micro-ncinerated sections of a number
of specimens of shin exinbuting senule elastosis to date we have
found no evidence of a tend tovard X of the
elastic fibres an this lesion

"Thete has been some question as to the nature of the fibres
found 1n senile efastosis all of the evidence found n our
laboratory wauld establish that the fibres are elashe  They
stam typically with the usual stams for elastic tissue resorein
fuchsin orcein and the Verhoefl reagent Thin sections of
oseme acid fined fbres of normal skin and of semide elastosis
are mndistinguishable  both are quate free of distinetive
arch ttecture  Lastly meubation of small cubes of fresh skan
exhititing sene elastosis with elastase shows typical solubil
rzation of the elastic elements therein The digested areas ave
tegative after Mallory or elastic tissue stamng It would
appear that we are dealing with a buzarre type of elastic tissue

u REFERENGCES
a8 8 and Baxor T {19.0) Bioches
Biio 5 and Been [ a0 SOt Y 36 3,

Cotoay E V (19331
s G M o3y dr

Laoving 4 1 Rosmar ) B
and Azex M (1901
Lasss 4T Rosevriar T €y Lo Y2 o 214

05 ) tuat Ree 108 oy B Autex M and Deswsey E W

S Mo ¢ s 116 1 ()

KA v“nwé - and Stack H G B (18,1} Buwchen

Ttomuims . Fnd Lo~ N \af\‘fi?gm‘: bol Chem 186 519
ep Bol N3 74 e37 {1830} Proc Soc

e DISGUSSIaN
e o {f‘e “:\“:\:lh;mumed b Dr Lans ng s commumcat on be
ol age an tle chem cal structure of pmte\ucsa;‘s:



104 GrNLRAT Digcussion
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ageng pleenta

Tunbridge I am sorry Dr, ITall 1s not able to be here, because he lL"IG
) . Lo .
much of the hon protein matenal present, smee it destroys mucopaly

sacchanides It will also, howes er, cause hydrolysis of peptide hinkages
11 the man protein chains themselves and therefore it 1s surely not the
best rengent for the preparation of a pure undegraded sample of
“elastin” Using methods which, though stilf chemically drastic, are less
hhely to produce the effects of alkalis, we do find marked differentes
L'irst of all the polysicchinde 1s retamed mn quite tugh concentrition

We do not agree with Balo and Banga that the amount of catbohy drate
15 of the order of 10 per cent, beeause if y ou look at their methods, they
lhave not allowed for the nmino acid content of their hydrolysates,
wlich would probably be incl 1 1 any d of mducmf.,:

perties lies elsewlhere, probably 1n the fact that their polysacchande
content diflers, both qualitatively and quantitatively 1 he dilerence 10
physical properties would suggest that clastin has o rubber lihe con
stitution with enormous stretch nght up to the pomnt of breaking s
opposed to collagen which only stretehes shightly before breaking It s
dulicult to get pure speci and ane he to draw concll
but I do tlunkh JInll s work shows that there 1s a defimte difference
between the two proteins It 1s not clearcut, the chemieal dilferences
when a more gentle method of scparntion is used are not as great 85
those usunlly suggested It 1s fascinnting, and 1t 1s 1n Line with what
McCance has sud

Aub Thhed Dr Lansing’s presentation, but there 1s one question that
puzzles me, and that 1s the extraordinary ncrease n enleum fo s
clistin  If I'm correet in mf chemustry, caleinm phosphate would st
be mntact 1 1/10 ~ sodium hydrovide You only spoke of calaum and
not phosphate, but 1n your Jast shide I'suw that phosphate nlso went up
n vour preparation I wonder whether the enleium 1s really x‘mm hied fo
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L v 4t o an1Tann yev that the mlenim exists Tareely as an

fub But you get such n large of cal
change  Is that sil sttached to your elastin? Could some of it be
pliosphate or apatite?

Lansing T thunk 1t 15 calerumn phosphate  And, as [ say, some of 1t at
Jeast is durectly linhed to the elastin moleeule  How f1r the change gves
n Yecantsay Uly 10 micro all the
funeral 13 diectly in oF an the elastic fibres  Visual obseriabion, of
rourse, doesn't establish chermieal continwuty, but snatormeally all the
calaum safts are 1n or on the elastic fibres when viewed wm darh field
TUCTO-1DCInerations

Medizear 1 imterested i the 1dea ratsed by Lansing that the elastic
fibre systems of the shun and of the biood vessefs may have vesy different
I;{“y’}l? Dr Bean mentioned that 1o Osler s disease thete was im-

st .
finding sulyt
then section

l'":.'. l«h!\u“
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gross scile—a square foot of shin at a tiune—nand obtumed shahtly
Iigher results tlun those we hve quoted carhier  But whcheser way
yott ook st at, be it by weight, volume or crude nnaly sis, 1t would seem
that at the most there s not more than 5 per cent, and probably less
elastm i dermal tissue

. .
blood vessels are less well supported and they are very vulnerible to
trauma  The extraordinary thing 1s that it mereascs with age, 11
present i about 2-3 per cent of the population at the nge of sity, and
0 25 per cent of all we have been able to exanune at mnety, therelsa
Imenr relationshup  Wath 1t goes searring, tendency 1o hemorrhage an!
so on, but it 1s definutely altered colingen Dr son Albertiat would agree
that 1t 1s n totally diferent collagen degradation product from that
which you get i the rheumtic nodules, both chenueilly and i its
reststanee to enzyme action  The lesion 15 usuilly sud fo be due to
esposure, but we had one old Idy of ninety who for yanotis re1sons hd
hived 1n hospital sinee the nge of seven, and she had this change in o ver
striking degree—where she got the sunlight 1 a hosprtal in Leeds
1 do not know!

Lansing  Wcll, apropos of your first pomt, there certamly is no 1ssu¢
on whiclt to cross swords I don’t believe that there 1s o nich bed of
elastic tissue in normal shin, and mdeed the tlustration I showed of the
abdomunal surface showed a remarhkable Iick of elastic elements, st
least in the pirs papillans, there was rather a coarse net deep in the
reticular portion of the shin, but I think we would all agree that there b
probably less than 1 per cent extractable elistin in shin on a dry weight
basts

We differ very shirply as to what tlus matenal is thit we see
scile clastosts  Ilis iy be a matter of semantics or one of simple
definition, but the fact 1s that this peeuliar bed of material appears in the
pars papallars of human shin usually but not necessarily in C\posey
portions of the body  This matersal stams bhe elistic tisue  We hne
very fus entenn for defining elastie tissuc the best ones ne ine depenl
on tinetoriil reactions  Allimty for orcern 13 rather sqrcl!ic. and 'l}::

. . s
;l wtie tissue, with onc rather recent exception (the heat den 1tured
collagen), responds to it, but within an hour after exposure to chistase
at o pll of 9 0 the matenal thit normally stains hhke elastic issue in
censle elstosts disappenrs entircdy, it does not take up ony of the clastic
tissuedyes And Distly, that maters sl when exposed 1o the smlme blue of

uny of the Mallory reagents for collagen is entlrely negitive
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Tunbridge T take you up on tno powmts there  Lollagen acted on
chemically or enzy matically, for example with pepsin, will then take up
stans which are said to be charactenistic for elastin, so T thunk that
D CRr S PP A

Tunbridge Well, we have bee
Iz 3 N very careful, and Banga agree:
on}::.::nhmly +that once y ou get nid of the poly sacchande, 3¢ s«‘:"?l‘ en
ost dramatie action ypunthen

Lansing Y would ke to

togieally oohs hike _rm(hrm e

elastic tissue and .

erntena we hayve § )
Presumptive evade < '

n -

. . .

o

o

Lomfort nd that s g
Prof Tunbrg, 18 the matera] wluch you deseribe
Lanung Y gy, T0%ed collagen? as elastin ang

Tunbrids,
e Ttk under the plamenn o .
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" - . .

Waen ¥ examuned the shde i the Iight mucroscope T s1w the same
tremendous masses of “clistord material * as Dr Lansing has already
shown  Using the low power of the electron microscope (Lig 1} we
agan sce the same niasses  But with Iugher power (1ig 2) 1t becomes
obvious that this materit must be degenerated colhgen and not
degenerated elastic fibres  Don’t you think so?

Lansing But 1n between the Lundles of collagen, do you thmk the
tssue 1s actually empty there or do you think periinps you bnvea rather
fragmented section?

Tunbridge Of course, when one employs the electron microseops,
obviously some of the spaces are artifacts due to the technique Some
may be mtracellulr substanees and matnk of wiuch we hnow sery httle
and cannot get iid of But I think that you can compare section with
section Ido not know if Prof Albertini will agree with me on thit

Alberm Yes, Ido

Lansing Thever 1~
Ly what I call sp
and not ground « - .
thmnk that weare  * )
the only way one - '
sidc—a thich sec * . pusse sueroscope and an adjacent serit
scetion eut much thinner and mtrodneed tnto the electron mi(roscope
to ennble one to chech are sgainst area  That’s what we've Leen
domng and we don t get empty spaces

Cowdry Dr Lansing, could you say a word about purfying the
enzyme?

Lansing Using organic solvents under standardized col
precipitation, we have a material that seems to be free of trypsiny
1~ well along tow wds puntleation, but 1t still has a long way to go
thuk 1n another few months we may be able to tatk mare fully about it

Perzdr Tam ghd that the discussion has now reached bisie problems
of the agemng of cells and even of protpine T 48 =1 o8 = ¢
warl Af e ¥

ndstions of
and

Had * s Lo Lie basieally rmportant question
of the changes of tissue adiptation wlyeh m 141

jr #la -



F1e 1 (Aberting) § histoid degenerate 1 minsses i the dermis
(Chmier  247)

T~ i8hertion Tramsd rmation frem cullagen into elastoid
s (L1 mier 1,000)

[Te face page 19¢



108 GENERAL Discussion

" o « ' " . tron microseope the strue
* - - . with 1ts perfeet fibres—-m
Mmes ar v e P e A R
Wi -
cnl -
N 1. Vs . . . .

tremendous masses of *‘elistord materiil® as Dr Lansmy has ateeady
shown  Using the low power of the clectron mrcroscope (Lig 1) we
agan se¢ the same masses  But with lugher power (Fig 2) 1t becomes
obvious that tlus material must be degencrated collygen and not
degenerated elistic fibres  Don’t you think so?

Lansing But in betvween the bundles of collagen, do you think the
tissue 18 actually empty there or do you thunk perhaps youhwen Tather
frngmented seetion?

Tunbridge Of course, when one employs the clectron microscops,
obviously some of the spaces are artificts due to the technique Some
may be mtracellular substances and mitrs of whieh we htow very Lttle
and cannot get nd of But I think that you can compare section with
scction I do not hnow if Prof Albertint will ngree with me on thit

Alberini Yes, I do

. Vo e e ncental

side—a thick section 1 the phase mrcroscope and an adjaeent senl
section cut much thinner and introduced 1nto the electron microseope
to cnable one to check uren agunst aren  lhat's what wehse been
domng and we don t get empty spices

Condry Dr Lansmg, could you say a word about punfying the
enzyme?

Lansing Usmg organie solvents under standirdized conditions of
preayptation, we have s matenal that seems to be free of trypsin, and
15 well along towards purification, but 1t still has a long way to g0
think in another few maonths we may be able to talk more fully about it

Verzdr Iam glad that the discussion hns now reached basic probicrs
of the ageing of cells and even of protems I think that the ndn‘urnl')lc

T . . e
evenmnerye Itlunk that this leads to the bisieally tmportant queste
of the changes of tissue adaptation which might be caused by changes
1n the protemns

T would als0 ke to say that a lot of tume was spent in our laboritory
with ¢l istase estimations in young and old animals, and large diffcrences
1n the pncreases of y oung and old ammals were found but unfortunateh
they were not related to age.



Tig 1 {\lertmn) Flastoud dezenerated masses . the dermis
Yer 2473

B2 (\ertmn Transfermatuen frem eoflagen mto elastoud
e (U mwer fenon,
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collagen hibres remmmng  So, under the electron microscope the strues
ture 1s very difterent from ordinary collagen with ats perfeet fibres—in
bundies and cross stnitions

Alberting Mny I show an electron nueroscopic pattern of 4 shin biopsy
with scnile heratosis and very typieal so e ulled clastoss which we abo
call “*elastmd degeneration’

When I exammed the shde in the ight nucroscape T siw the same
tremendous masses of *clastord materril * as Dr Lansing s already
shown  Using the low power of the clectron microscope (F1g 1) ve
agun sce the snme masses  But with lugher power (12 2) it becomes
obvious that this materl must be degenerated collygen and ot
[ n ' a

: » ) . .

p . : ' .
frogmented seetion?

Tunbridge Of course, when one employs the clectron meroscope,
abviously some of the spaces are artif icts due to the technique Some
may be intracellulir substances and matns of which we know very Jutle
and cannot get nid of But I think that you can compare section with
sectzon Ido not know if Prof Alberting will agree with me on thit

Albertins Yes, Ido

Lansing The very low level of electron denstty in the area r('prcq‘cmcx:

g A - T e

side—a thich section 1n the phase meroscope and an adjacent sernl
seetion cut much thinner and mtroduced mto the electron mueroscope
to enable one to check area ngunst area  That's what we'se beet
doing and we don’t get empty spaces

Coudry Dr Lansing, could you s1y n word about punfying the
cnzyme?

Lansing Using orgame solvents under standardized condttions of
Y we have n I that seems to be free of trypsin, and
15 well along towards punfieation, but 1t stdl has a Jeng way to go
think an another fow months we may be able to talh mm-c‘rullg nbf‘":l'lnle

of the changes of tissue adaptation which might be cased by chinges
i the proteins
T

they were not related to age



*CALCIUM METABOLISM IN OLD AGE AS
RELATED TO AGEING OF THE SKELETON

O ¥ Mawy 3D, R NICOLAISEN, M D, AND L SKJELKVALE
Inst for Ernaringsforsking Oslo

AcEnG of the sheleton mmplies dissolutson of structural
units (osteons and trabeculx) with loss of calemm salts from
the body and with a reduction of the brealang strength Itis
not Lnown if the breahmng strength 15 always praportionate
to density of mineralisation

The systematies of bone diseases have been diseussed 1n 1
mumbet of text books and monographs, for example Albright
snd Refenstein (1948)

Senile osteoporosis 1s said to be frequent 1n old age, but no

ood have been produced  The bl

e P 15 how, if
atall tius disease 1s related to dietary intake of calcium and

sitamin O Further, the course of caleium metabolism 1s not
known dunng the development of the disease, but 1t must be
negatine over a pertod of years
Recently the problem has i part been ably discussed by
Higeted Movcoso and Collazos (1932) who consider that the
cfernm requirement of adult man 15 low and that the frequent
ccentrence of asteopoross 1s not related to calem mtahe
11 the other hind numernus discussions of the Ca require
ment of man have ended with a recommendation for a defined
mtake  Latehy the TS Food and Nutntion Board revised
therr dation of 1 g toa of 0 8 g daily
for adult men  The wepheation must be that adult people
consuming considerably less Ca than s recommended yun
the rish, of getting into continuous negatry e Ca balance which
wn the course of tune must lead to Teeopmizable osteoporous
“uch differences of aptnton can only be settled by adequate
*THs s to 1,
Prof. \olaysen.,

b considered 23 o prelminary repod presented 1y

1
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The phsiology of caloum metabolism  was fekcl\ﬂ)'
reviewed by Nicolaysen, Eeg Larsen and Malm (1393)1 and
the biochermstry and physiology of vitamm D by Nicolay sen
and Eep Lascn (1953) Reference 15 mnde n these
publications to a number of aspects of the field

In Oslo we have for several years studied the calcium
metabolism of rats, and we have also conducted a long term
study m man The studies are 1n part fimshed, 1n part they
are continuing  The main purpose here 1s to report briefly
on these expermments, wneh will be published 1 full at a
fater date

Experiments in Rats

The object has been to study the adaptation of the absorp
tion of ealeiem m adult and old rats Some of the charactenstie
results are reported below

Erperimental  Adult rats of known age taken from our
stock colony and gren a vitamin D free diet (842 g whole
wheat, 100 g casem [Ca ‘free® and fat free}, 30 g dried
brewers yeast, 10 g NaCl, 50 g B, “mixture”, 8 g KH,PO,,
50y CaC0,) witha Ca content of 0 25 per cent At mnternals
the CaCO, 1 removed and the diet then contamns 0 03-0 04
pereent (2 Viath the aid of 0 5 per cent Na oxalate added to
this {4 poor diet the antmals are at given intervals deprived of
body ealesum

The Ca absorption or the Ca balance 15 studied continu-
oush nTigs 1 and 2 two expeniments are reported, one on
n; Di frec dict to whieh vitamm D was added when the ammals
:l‘s ::ll?:rri-‘:‘-c: :(‘legs:rcd loss of Ca, the second tery old

Tu vitammn I daly throughout

Results

. The contrust hetween the group of rats given a vitanun
} free diet (Fig 1) i the penods follown g Ca deprivation

(bt before sitamin D was given), and the rats given vitamy
]
o ) 2 tammun

2)ssstrhmg  Thus rats wathout vita

0 o mm D

:‘1“1‘\ lose 15-20 per cent of their Ca and the net absorption
i remains very low  When vitanun D s given to such rats
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and representative expenimental work  The problem of ¢4
balance and €1 requirement of clderls organusms has been
subjeeted to a number of studies m 1ccent years  Accordmg
to MeCay (1952) v wrious speetes tend to et mto negative Ca
balanee when about two thirds through the span of hfe T
and McCry (1953) found that they had trouble m mantammg
metabolte equiibrium m old dogs unless the dict was relatnely
rich n ealesum

Owen (1939) and Owen et al (1940) 1n studics m old osteo
porotic men, observed a marhed tendeney for Ca retention
Bogonofl ¢t al (1953) studied the Ca balance in seven elderly
men (srxty six to eighty three years of nge) of whom three
had ostcoporosis  Iigh, intermediate, and very low level
of Ca intake were used 1n periods of three to four weeks The
tendeney to retention on Iugh levels was small but the lovs
on the low level (100 130 mg duly) wasalso small (100 200
mg daily} In contrast Achermann and Toro (19334) 1 8
study of the Ca balance over fifty to seventy daysm eight old
men given only a lugh Ca dict, concluded that seven of the
men needed 18 5 mg Ca/hg body werrht to mamtsin
equihbrium The eighth subject lost 0 3 1 0 1 Ca dutly it
spitc of a very hugh level of Ca m the diet

In these expermments, as well as m carlier ammal expernt
ments, o lugh feceal Ca loss was observed, m other words
absorption seemed to be deficient, whereas the unmary Cam
these old men was m the lower range of normal

Sellling and X aszlo (1951) studied yarous bone disenses
among them scven senile osteoporotic eases  Lhe urmary €y
was low, but they retamed somenhat less of an ntras enously
mjected amount of Ca salt than the normal controls (personal
communication)

In view of the fact (sec below ) that vitanun D 1s & dommant
factor in Ca absorption m both adult and n old nge, 1t 1 of
mterest to note that Achermann and Toro (19535} obsery eda
substantially ncreased Ca absorption i their subjects
following vitanun D admistration  Balance was acluey cod,
but no retention, n the person who lost 0 5-1 0 g Ca daily
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1t 1 warth while reporting that the \ech:;q\:;r::ﬁ‘ 1\:;.“ 0].)\:
d mn consenuience 01 &
abos e exgeritacnts mature o s
daptation (sigmficntly
of experiments m which 2 o her expen
Jbsorption) could not be obserie n
:n::i? :sts) gven nitamn D throughout were used  Short

Agr fc months

A et

g @ % g

025%

Tevels of
Canthed et
004%

Y16 2 The Ca abuorption in sux o\ radts gaven 6 51U vitamin
Vdatly (Ca intahe o the 1 25 per cent Ca diet ahout 40 my

proods af ten to (ourteen days on the ¢ 23 per cent Ca diet
were used to test the absorption  In between the rats were
fuenthe 0 04 per eont Ca diet for weeks and monthy Some
sufiered Yosses of 50-100 mg {2+ per ceat of the total), but
this dhd not Tesult an a clearcut mcrease of the absorpuot
from thed 25 per cent diet Other groups of rats very quicky
Teduced Yhewr lactl output to very low values, so that ther
Tty Yost any Lady Ca at ol) '
acr wi

9
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the absorption quickly reaches very Ingh values This result
has been confirmed m a number of other experiments  The
results achieved i the very old (thirty one months) rats
bave so far been confirmed 1 fifteen to twenty months old
rats

fe—Vitamin D free diet

mg Ca/day
281 absorbed
20 total Ca loss
f——r  Slomg
o T otomg —
o0
4 mg
—
! U7
8
025% levels ol
Ce In
thedet
004%
30 300 bo ty wt.
o e s
Age 51 weeks 85 weeks

Iwe 1 ‘The alsorjtion of Caan six fumale mts  (Ca mtake
on tl ¢ diet contunin,, 0 25 per cent v about 40 mg duly }

The urimary Ca was measured throughout i the very old
rats ‘1he daly output was about 0 5 mg 1n the perod o
deprination  In the following two wecks 1t inereased to about
2 mg daly Thus nearly all Ca absorbed was retamed The
loss of bone minerals suffered i the perod of deprivation
could quickly be made good
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unnary and fecal Ca occurred when the inthe was reduced
Tn such mstances the standard deviation 1s an exaggerition
of the errur of the smgle obsersations

‘The method of caleulstion used for estimated requirement
rested on a number of assumptions and appromations

P N 0 50 6 o 80 vears
oy 0f
wet wt

20

10
oy mg Ca/in

e o

80 veary
heorpaen QR e e gy 5169 "
Tre abeor ton catevlited
Becord ng K
AN P T R 33 gy Oetansen

€a (Feces)
o (free)
Gantate + usrcm«v) o0
. 300 mME uned here
% Tp A content of
o :.lcx‘olg €OTP vertel rr innen WLille {
Rebe (.\ 1im lalances in

2 3% en  C
¥er 100-5300 days daily fniahe ‘bg'l:“"‘““* Db‘mn one
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As a result, we introduced oalate as a Ca “trapper

It nceds emphasis, that the Iack of adaptition of the
absorption n rats 1s m reality nothmg but 2 confirmation
of the prineiple wiich can be evtracted from all earher
observations i vitamin D deficiency m man, not least from
results mn late richets and mn osteomalacin (see Nicolven
and Eeg-Larsen, 1958, for the metaliolie pattern)

Experiments in Men

These were long term balance experiments conducted 12
our main prison  Only several consecutive two weeh peniods
were used for ealeulations, and all obsersvations were based
on analyses of food as served and caten  The procedure wis
that any person taken for cxperiment was first observed O
a period ranging from some months to a venr on the ley ol of
Co mtake of about 900 mg dath  When the Ca “charac
tersstic” of a grven person had thus been established at ths
level, the Ca intake was reduced, The vitamin 1) mtahe ud
at least 200 1u daily

Results

In all thirty eight men were studied  Iowever, some wert
released before an adaptation experiment could be conducted
over a sufficient period of time  Therefore only tuenty five
out of the thirty cight were subjected to such a pracedurt

In g 8 the balances of all thirty eight men hne heen
gueen, and m Table T are condensed and summarized theresults
of the adaptation study m twenty five men In 11z 8 the
figures have been arranged according to age, whereas Table
I they are according to mcreased cnleulated requirement

Most of the men were overweight necording to the Metro
politan Insurance Company s standard table whieh was
used for correction

The figures for urine and frecal Ca are grven with ther
standard errors  In some the varations were arregular, but
1n other persons long waves m the fieeal Ca output occurred
at one level of mtahe A defimite trend of the curves for
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on obnviously not completely valid was that
t\)&;:m(:\ﬁ‘;:‘;\:d been fuily )de\ eloped and that 1t had reached
s mavimal power  The thiee approsiraations uged were
o
“\Q! (0\1;::\5 true percentage absorption was caleulated
according to formulz (sce Tig 1 and Nicolaysen Eeg Larsen
and Matm 1908}
2t wos assumed that ths caleulated percentage would

be the same when the lesel of intake varied somewhat up or
down

Two examples will Wlustrate the procedure
1 No 273 20mg -%?::28 mg which added to the

849 mg results m the Ogure vsed
2 No 121 9mg 1_%):60 mg which subtracted from

450 mg results i the figure used

3 In o few persons a shght inear correction up or down of
the uninary Cr
currcetion neede
i 408e 20 g B

The balance was measured 1o fourteen men above fifty
yaars of age and oadaptation was studied m mne men above
hfty yers of age

Discussion
Absorption and its adaptation

It appears that the absorphion s more efficient than
Wty thought  ‘The mtroduction of eg 300 and 900 m,
Teviectively for the dasly (o content of the digestive juices
will nut matertatly alter this contention

t ol o appears that the power of absorption 55 merensed

™ the course of tme n prachieally sl persons studied  This
rests an the a

P that the digestive juice
Lasnat systemmtiealls attered i a penad of negative bal"'&nce
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The approximations used cannot lead to senous errors
affecting the main results

I the man most of the figures for Ca requirement support
the view of Hepsted ef o (1952} that Ca requurement for
mamtenance s fow 1 men  On the other hand the gher
figures reached nre at vanance with such a view and some
comments on these figures are needed The experiment
No 551 over twenty six months leads to a comparatively
well estobhished figure of 12 8 mg  Is he an excephonn the
matenial presented? In view of the results in No 242, the
figure reached 1n No 288 can be quite off the mark, and the
figure reached for No £08¢ 15 not well founded due to the
“abnormal * figure for fweal Can the tiurd penod  In the
course of time this high freeal output would has ¢ been follow ed
by an wierse wave, sith a much fower figure for Ca require
ment as the resuft  On the other hand the figure of 9 mg for
No 200 would scem to be not too poorly founded Elementary
statistics on the requirement figures for the first 24 persons
Tesults in o mean of 6 3 mg /hg withsd of 2 1 This would
xlr’x:gx!r-: n:g;x:m\c 551 13 ene 10 a thousand but 1t does not solve

The men above fifty years of age secm not to behave
differently 8y regards adaptation, and it appears from kg 8
that & number of them retained Ca remarhably well g‘l
deselopment of osteoporosis wnphes Yoss of ca)cu{m fi e
skeletan, either by a real inerease of unnary Ca, or bmm the
reduction of uninary Ca combined with faulty 'absory:‘ o

The tesults 1 No 780 on the fughest sntah e
\nstruet g ¢ level are

tuetne as to how the absorption may seem to I
rl:;th only h:;,:}) Jevels of Ca 1n the diets are used, ﬂndotlu: x:::;
ow some sdditional ight on the ap;

. ] parent faulty absarption
(:\' (:;::f:l}:r's‘un_s of Ackermann and Toro {1953) ’ The re‘:u[(s
. L. 3 of Ca in the diet

f . etween mdividual

v ants 1oampossible to qudge if the ur e
- mary Ca o

Person has been increased  Observations over mnn; i‘;;:
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turnmg positve  Anyhow, 1t seems reasonable mn view
of the undoubtedly estnbhished adaptation of absorption
rats, to assume that an mcrease of the power of absorption
1s responsible for most of the adaptation of the absorption

Persons above fifty years of age show on an ayvcrage noless
ability to adapt ther absorption than younger persons
The results of Bogonofl et al (1953) n old men on very low
Ca diets strengthened this view

Urinary Ca and its adaptation

The quantitative aspects have recently been discussed
(Nicolaysen et al, 1953), and the Iinearity within indnidusls
as well as the varabihty between mdinidunls has been
stressed

In a few persons no reduction of the urmary output follows
halving of the mtake, but i most persons some reduction
tollows, and m some a substantial reduction 15 rcsponslmc
for quite a large part of the quich achievement of balance
following the reduction of Ca mtehe

However, when two consceutive periods on a Jow fevel of
mntake are compared, the genernl impression 1s that absorption
improves 1n nearly all, whercas the uriary Ca level mostl)
rematns horizontal

Ca requirement

The validity of the figures rests entirely upon the method
of study The materal here presented reyeals the number of
weaknesses inherent an such a study of arbitranly chosen
subjects of mostly unknown previous dictary habits and
status of nutrition as regards Ca and yitamin D Judge
from the number of persons able to retam substantial amounts
of Ce 1t may be smd that they did not rcprcscntnpopulnhon
well nounished as regards nutrients essential to maxamal
sheletnl caleification  On the other hand such a contention
would lend support to the hy pothesis that the lumt of adapta
tron may have been reached 1n some
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‘The approximations used cannot lead to serwous crrors
ting the mam results

n[f;: 1111‘{;' matn most of the figures for Ca requirement support
the wiew of Hepsted ¢ al (1852) that Ca requircment for
awtenance 15 fow 1 men  On the other hand the ngher
figures reached are at vanance with such a view and some
comments on tese figures are needed  The expeniment n
No 551 over twenty six months lewds toa comparatisely
well established figure of 12 8 mg 1s hie an excephion n the
matenal presented?  In view of the results in Mo 242, the
figure reached 1 No 288 can be quite off the mark, and the
Rgure reached for Do 40Sc 15 not well founded due to the
“abnormal figure for fxcal Ca in the third peniod  In the
course of time this lugh fecal output would have heen followed
by an v erse nave, with a much lower figure for La require-
ment as the resnlt  On the other hand the Ggure of 9 mg for
No 200 would seem to be not too poorly founded Elementary
statisties on the requirement figures for the first 24 persons
results 1 a mean of 3 mg /hg withsd of 2 1 Thus would
mply that No 551 1s one in a thousand but it docs not solve
the: roblenm.

The men abose fifty years of age scem nat tn bel see
Ve .

. - 1}

« vpuws vl ustevporosis imphes loss of ecalewum from the
skeleton, either by a real increase of unnary Ca, or by 2 non
reduction of unniary Ca combined with faulty sbsorption

The results 1n No 790 on the Ighest intake lesel are
wstruetive as to bow the absorption may seem to be low
when only hugh levels of Ca n the diets are used, and this may
throw some additional hight on the apparent faulty absorption
n the old persons of Ackermann and Toro {1953) The results
of Bogonoff &2 &l {1953} on very low levels of Ca in the diet
are in hine with the results here presented

4As regards urinary Ca the variability between indnduals
makes 1t 1mpossible to judge 1f the unnary Ca i a given
person has been incressed  Observatwong over ™any yenrs
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would be required  On the other hand the considerible
material of Ohlson ¢t al (1952) 1n women can be meluded i
the discussion, and thus has recently been done (Nicolnvsen
¢t al, 1953) Nothing indicates that urmary Ca s inereased
m elderly men and women Iowever, such a contention 1s
far from conclusive, because comparison between mdii
duals suffers from great varmbihty No 200 as well as Mo 551
were not onlv lugh urinary excretors, but they seemed to
heep the high urmary Ca Ievel with tenacsty It may be that
they represent the type that m the course of time mn
develop semle osteoporosts with hospitalisation as a
consequence

The two different ty pes of obsers ations presented m ki3 3
may dicate that the men above fifty, who retamed Ca so
well, did so because they had been somewhat demmeralized
m the yeirs prior to the actual balince study

Nothing n the material here presented ndicates that the
Ca metabolism of men above fifty diflcrs from that m younger
men  On the other hand the hnutations of the materal are
obvious, so that 1t does not allow of any final conclusion os
regards thie orizin of senile ostcoporosts as related to dietary
mtake of calerum and sitamm D 7

It does not seem prohtable to continue to work with an
arbitrinly  chosen material, however, adequate balanee
studies 1n a selected material of senile ostcoporotics eombined
with the load method of Schilling and Lazslo {1951) muht
I the course of some years contribute definitely to the
solution
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Tepair but not a complete one, but 1t may be that the periods of observa-
Lon are not fony enough

Brel T have done many caleum balances, and I have how some
doubt about the vatue of them at all If you take & case of osteopornsia,
and da the calam balance you very often find nommal requirements
If vou mvestigate therr background, you find that some people who
becoree osteoporotic have had 3 normal ealclum stake, and nthers,
vho have 1o disease, had a low taleium intahe  Then there 18 the
stnking faet thal when you take a patient who has just a normal
‘palance hut who has osteoporosts, and you gve fum very small doses of
follienlar harmana $hamn won o o Vo .
1



124 GENLRAL Discussion

The smount of phosphates i urine 1s abose that in the feces whea the
mtake of sitamun D s sullicsent, and the Frces content goes shove that
of the unne when the miake of vitamun D 15 below normal sequirements
As 5000 a3 ) o Sive the necessary amount of vitamin D (about 4 g /dn)
then the proportion of phosphates i the urine 15 above the phosphate
the feces  That 1s a'very sensitne method m man I vstamm I
deficiency, when practicalfy no phosphates are absorbed, sitamin [} ean
produce a tremendouts merese m phosphate sbsorption with no effect o
calewum

Neolayoen ¥ am A Lttle seeptical of that method T have done s
great many stucies on the ratio of ¢ daum to phosphate m the feees
and 1t only tells me that if there 1s no phy tic acd in the feoes the
phosphate vares with the ¢ detum

Aub In the feees yes, but not m the urme  Phosphate m the unnen
s very complieated problem  csleium excretion appears simpler, or ot
Yeast 15 better understood  There may be o very fow phowplite In the
Blood stream but o very lurge escretion i the unne and the rever
situstion may also oceur dhe differences oppear to be dependont
largely on the amount of feabsosption s the renaf tubules

Brull May ¥ remind you that T demonstrated o threshold for phos
phate about twenty Rve years ugo, and the mflucnce of hormoses and
wother factors upon it?

Azolaysen If you were to accumulate the phosphates in the frees in
& soluble form: von would soon get diarrheen

Aub I agree that phosphate exerction appears to depend po the
amount of calerum in the feces It appesrs m the feees Inrgely 88
chbasie ealeam phosphate but it dovsn t always appeor in the nnne 1t
that way, the excretion there appenrs more complieated

BMcCay Itismteresting that y ou have found sitanun D ol smportanee
We have tried for many years, off and on and we have never bees able
0 sfiow a vitamun D requirement m ofd rats You have dfferent diets
and conditions and it shows that results vary enormously under different
espeninental condifsons

AMicolaysen We hane conducted a hfe tune study in rats which I
instructive on this pomt  fhe diet was free of vatamin I bt whes
witarmn I was added optimal growth was seen (in the D frec Tats e
final bodyweight was 10 per cent lower)  lhie ealewsm balanee wis
studied continuotisly over wmghteen months  The difference I the
absorption of enlcium between the +1) group and the D free grodp
disappeared after twelve weeks of cvpersment  Lhe totaf caloum
retention per 100 g body weight was about 10 per cent fower it the
D free rats  Vitanun D given to such D free rats resulted fn 8 (‘O"r
sdernbly incrensed absorption  Tiis was true for rats at the oge
furty five wechs as well e at seenty five wecks The amount of €2
nbsorbed was many thmes higher than that scen fu s of the same age
wich had been gnen vitamin I3 throughout

3eCay Absorption from the intestine is confirmed very well by radio-
netive caleium work  There seemy to be no difference in absorption of
Tadioactive calcium from the trocts of young and ofd dogs or young and
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sume other source of caleium like bone meal 8o there must be other

factors 1n mik that modify this utihzation of calemm in old age, don't
sou thk?

Mcolaysen In three years of preliminary experiments we studied the
Adartat am of Pm b Da ~ = e

" g ue sucllssiy I8 4 starrcase hthe way. Thus adaptation
bad been cleasly developet  Vramun P was gven 1o all these wts
throughout

A4y 1 you are looking for osteaporoses, whiy do you tse men instead
of women? Tem# 6w oo 4 0



17-KETOSTEROID EXCRETION IN AGEING
SUBJECTS*

Berry L. Rupiy, ru.p., R. 1. DORFMAN, 1D,
AND G, PINCUS, D Se.

Worcester Foundation for Prperumental Buology, Shraeshury, Mass

Many studics of the changes in adrenal function with
mcreasing age or with discase have been based on the mdtees
of total urmary corticoid exeretion and total urinary 17-
ketosteroid exerction. They have demonstrated a deerensed
exeretion of both classes of steroid with mereasing age, How-
ever, these decreases are not parallel. To eite only one study,
that of Pincus, RomanofTl and Carlo (1954), carried out at the
Worcester Foundation on men and women aged twenty to
ninety, 1t was found that the 17-hetosterords decreased more
marhedly with nge than did the corticoids,

Two recent developments have made 1t possible to derne
more mformatton about the function of the adrenal gland m
aged mdividuals from a more detailed study of urmary 17
ketosterords,  I'rst, metabolism studies with the steroid
hormones have established the relationships between endo-
genous sterords and the individual 17-ketosteraids of the
urine, and <ccondls, methods have been developed which
mahe posstble the quantitatine detcrmination of aix mdnr-
dual a-17-hetosteroids 1n & urine extract contaimng s httle
as 2 5 mg. of Zimmermann raching material

The mctabiohe relationslups for which there 1s ¢ \pcrnncntnl
evidence are presented i Digs. T and 2 Tig 1 shows what
we consider to be the prineipal pathways in the hiosy nthesns
of the Inologically active adrenal sterords Cholesterol, 0 Can
oteroid with the 38-hydrony-4® configuration, and other

ofavestigntions described in this paper have been supported by grant
number 11-1659(C6) from the 11 o Public Henlth Seryiee
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precursors, such as acetate, first are conserted to androst 3

en-3f ol 17-one (dehy droepandrosterone), a €,y sterod, and
pregn-5 cn-38 0l-20 one, a Cy, steroid, both still having the
3B-hydrony -4® structure. These are then ouized to the
correspondimg 44-8-hetones, such as androst-4-cne 3,17 dione
and pregn-4-cne-3,20-dione (progesterone).  Oxygenation at
carbons 11, 17, and 21 tahes place after the ovidation of nng
A, gnmg nse to androst-i-en-118 ol-8,17-dione m the Ty,
senies, and 1n the Cy, series through st compounds contamng,
n various combmations, one or two more hydrovyl groups
than progesterone, to the tri-hydroxy steroid prega-4-enc-114,
17a,21-tr101-8,20 dione  (cortisol). Among the eompounds
mtermediate between progesterone and cortisol, those wlich
can contribute to the urmary 17-hetosteroids are pregn 4 en-
17a 01-8,20 dione {17-hy drovyprogesterone), pregn-4 enc-115,
17a-diol 8,20 dione, and pregn-f-ene-17a,21-diol 8,20 dione
(11-desoxy cortisol)

Itz 2 shows the relationships between these steroids and
the urnary 17-hetosteroids  Androsterone and mhiocholwn
3a ol-17-one excretion reflect the adrenal production of the
€,,0, sterowds, androst-i-cne 8,17-dione and  dehydroeps
androsterone (and i the male, testosterone produced by the
gonads), with a mmor contribution from €y, 0, sterords, sueh
as 11 desonyeortiso]l  An indieation of the production
hy the adrenal of €0y steroids, such as androst-4 en-118
of 3,17-chone, can he obtamed from the upinary ¢xercbion of
11 oxygenated sterotds having the 5a (or androstane) eon
figuration, while everction of 11 ovygenated 58 steroids
{tiocholane configuration) may be regarded as an mdex of
production of Cy, Oy sterawds, the major one being cortisol

The quantitats e method used at the Waoreester Foundation
for analysing unine extraets may be  briefly described
Unines were collected as twenty faur hour specimens and
hydrolyzed by boiling for eight munntes with 15 volumes pers
cent of hydrochlorie acid  They were then extracted with
cther and fractionated according to the method of Pineus
(1945)  Alter separation with the Girard reagent (Girand
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precursors such as ncetate, first are conyverted to androst 3
en 38 ol 17 one (dehy droepiandrosterone) a Cyy sterod and
pregu 5 en 38 ol 20 one, a Cy, sterord, both still having the
38 hvdrony 4* structure  These arc then ontdized to the
corresponding 44 8 Letones, such as androst 4 enc 3,17 dione
and pregn 4 enc 3,20 dione (progesterone) Oy genation at
carbons 11, 17, and 21 takes place after the oudation of ning
A, giang nise to androst 4 en 118 ol 8,17 dione 1n the Cyy
series, and 1n the Cyy series through six compounds contaimng
In various combinations, one or two more hydroxyl groups
than progesterone, to the trt hydroxy steroid pregn 4 ent 1§
17a,21 triol 3,20 dione  (cortisol) Among the compounds
mtermediate between progesterone and cortisol, those which
can contribute to the urtnary 17 ketosterotds are pregn §en
17a ol 3,20 dione (17 hydroxyprogesterone), pregh 4 ene g
17a diol 8,20 dione, ond pregn 4 ene 174,21 diol 3 20 dione
(11 desovycortisol)

1ig 2 shows the relationships between these sterords and
the urinary 17 hetosteroids  Androsterone and retiocholm
3a ol 17 one exerction reflect the adrenal production of the
Cy0, sterowds, androst 4 cne 8,17 dione and  dehydroept
androsterone (and 1n the male, testosterone produced by the
gonads), with o minor contribution from Cy,0, sterards, such
as 11 desonycortisel  An mndieation of the production
by the adrenal of €0, sterowds such as androst $en B
ol 3,17 diong, can be obtained from the unnary exeretion o
11 oxygenated steroids having the 5a (or androstane) con
figuration, while everction of 11 ovygenated 58 steroids
(retrocholane configuration) may be regarded as an indes of
production of €y Og sterowds the major one being cortisol

The quantttative method used at the Woreester 1 oundation
for analysing urmne estracts may be  briefly desenbed
Urnines were collceted as twenty four hour specimens and
hydrolyzed by botling for erght minutes with 15 volumes per
cent of hydrochloric aerd  Ihey were then extracted with
ether and fractionated according to the methad of Pincus
(1045) After separation with the Garard reagent {torard
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pheny! Cellosolve system to resolve androst 2(or 9} en 17
one {(which arnses from androsterone during the acsd hvdro
lysis of the unne) 38 chloro androst 5 en 17 one and the
acetae of wtocholan Ba-ol 17 ane {11} which 1 forned
w o small extent durmg the Girwd reaction The
androsterone and hiocholan 32 ol 17 one 7ones are eluted
and ovidized with perbenzoie acid  The oxadation products
are rechromatographed and the 9131 epovides determmed
These arose from the 118 hydroxy sterods which were
dehydrated during hydrolysis Chromatography for 72 hours
n ‘heptane propylene glyeol of another ahquot of the
extract or of matemal eluted from the paper stnp W
the areq hetween the mtiocholan 3a ol 17 one zone and the
starting fime resolves the 11 heto compounds  The compost

tion of the fraction ealled remdue 1s not yet fully deter
mied Priee = 7 ?

RCRECE 1S
?0-gne T

mduding the zone tor the stiocholan 8a ol 13 17 dione, and
U erefore the of that d may be some
what tugh A few studies indieate that between 8 and 20 per
cent of the Zommermann value for the mtiocholan 3a 0l

11 1” dione zone may be duc to the presence of the 20 keto
com} mils

Results

The daly exeretion of o 17 hetosteromds of normal men
and women 1s shown 1n Table I Though a change yn excretion
1S seen in old age there 1s no sigmficant difference between
gnui'i\‘g men {runeteen toforty)and young women {twenty one
nod ety fine) or Letween old Toen {seventy to eighty eight)

nd old women (seventy four to eighty five) in total exeretion
or n the excretion of any single oc mponent In the younger
BEE group the tota) o ¥7-ketosterord excretion 18 8 3-10 ¢
mg perday Olthus R 9.3 7mg

2099 mg are present as androsterone,

as mtiocl ol Ja ol 17 one 0 60 7 mg 8%
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and Sandulesco, 1936) the digitonin non precyptable (or a )
fraction of the hetome extracts was obtamed by the method
of Butt, Ilenly, and Morris (1048) Tins fraction was dis
solved m benzene and analysed by a quantitative paper
chromatographic techmque which has heen deseribed m

Hept PG
4 brs
& fatone extract

Recc ery

Res
Elute, or WA Eno
Res Offrent” Alq 1 H And Resduesc. I0F
Il K Eto
1l K And 3
i Eto + Elute, oxdue 48 hrs ¢ 911~ Epoxée
1 AMY Eha perénmm 2ad + £t
== Hept PG 4B Frs
—
v | Andmel +A%00 Elute, ondue Shs & 9 N - Epeade
Androst erbenzolc acid
| oot b6 3 hrs Androst
Androst « A9 Androst
romssanvs I
fept -
18 hrs Cl
A2 yndrostene 17 ona
38 Chlofo A%- plorh
Androstene 17 one

Tia 3 Sclemc for quntitatine gaper ol ron ata.mphy of
o hetonte urine extructs

detail (Rubin Dorfman and Pincus 1954) A brief summarn
of the anah tical proccdure 1 shown in Fig 3 An shquot of
the extract 1s chromatographed n the heptane propylen
glycol system  gmving discrete soncs of androsterone and
wtiocholan 8a ol 17 one  Ihe matenals whose mobibtits on
paper are more rapud thn that of androsterone (both (iMuent
matenal and matenial duted from the paperstap distal tathe
androsterone zont} arc rcchromatographed i the hoptane
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phenyl Cellosolse system to resolve androst 2(or 3) cn‘la'

one {which anses from "ndrosterone durning the acid hvdro

iysis of the unne) 38 ehloro androst 5 en 17 one, and the
acetate of ztiocholan 3a ol 17 one  {11) wiieh 15 formed
to a small extent durmg the Girurd reaction  The
androsterone and setiocholan S ol 17 ane zones are cluted
and owdized with perbenzoie aeid  The oudation products
are rechromatographed and the 911 epoxides determined
These srose from the 118 hydroxy sterods wlieh were
dehydrated dunng hydrolysis Chromatography for 72 hours
in heptane propylene glycol of another aliquot of the
extract of of matenal eluted from the paper stnp in
the area between the shocholan 3a ol 17 one zone and the
starting hine resolses the 11 heto compounds The compost

tion of the fraction called residue” s not yet fully deter

mined Preliminary studies mdicate the presence of pregnane-
32172 diol 20 one and possibly of allopregnane 32,172 din}

20 one These two compounds may be dispersed over an arca
wcluding the zone for the zhiocholan 3a ol 11,17 dione, and
therefore the d 10n of that [ d may be some

what high A few studies indicate that between 8 and 20 per
cent of the Zimmermann value for the wtiocholan 3 ol

11 ¥7-dione zone may be due 1o the presence of the 20 keto
compounds

Results

The duly excretion of 17 ketosteroids of nermal men
and somen 1s shown m Table 1 Though a change 1n ¢xeretion
1s seen 1n old age there 15 no significant difference between
young men {nincteen toforty)and young women (twenty one
%o thirty five) or between old men (seventy to eighty eight)
and old women (seventy four to eighty five)n tot:l excretion
o1 in the exeretion of any single component In the younger
ge group the total a 17 ketosterord exeretion 138 819 G
:ngrr x;c\;\da) Ofthis 3 0-3 Tmg are present s androsterone,
2 mg as whocholan 3a ol 17 ane, © 60 7 Tor u;

4
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118 dyol 17 one, © 2-0 3m, as androstan e
zlml‘xvi;ag;eoiz, Bﬂ‘:w 33 mg s thocholane Sa 1g :lu\l w
ane and @ 41-G 52 mg as atiocholn 3a ol 11,17 dione
These figures are m agreement with Dobriner (1953) escept
for mtiacholane 3a 118 diol 17 one excretion

Tn older people the total excretion has fallen to 3 2-3 4
mg  Androsterone and whiocholan 30-01 17 one have de
ereased to 0 6-0 8 and 0 9 respectivels  The decreases in
12 ovy genated sterods were less severe  Andenstane 3o 18
diol 17 one exeretion was O 30 0 37 m¢  androstan da ol
11 1~ dione excretion was 6 1 mg  whiocholane 3a 118 diof
1Tone was 0 2 mg  and tiocholan 3o ol 11,17 dwne was
0 21-0 23 mg per day

Only three men and three women 1 an mtermedinte nge
group{fifty to fifty seven) have been studied Thoughit would
appear that the decrewse m 17 hetosteroid exerction i the
men appears only with more advanced age the impression 1n
erroncous  The high standard error for the male group
mdicates the wide vanstion and n faet one of the male
subjects had a 1™ Ketosteroid excretion which was double that
of the mean for the younger men  The other two men showed

the same degree of dechne whneh may be seen for the women
m the middle aged group

Discussion
Since men and wommen of the same age group Miffer only
shghtly from each other 1 the excretion of any of the unnary
@17 hetosterod components studied 1t appears that the
contnbution of testosteronc to the Brmary 17 hetactern 1

s« ibodugrogemiaity than the androgeme
sterauds of adrenal ongm fo determine the structural and
functional difference

s between male and female
As shuwn o bag 1

135 hikely that the prineipal pathwa
of adrenocortical stermd biosyntheswy 1s from the (Jé (2114 A)i
structure to the 4* 3 ketones erther Cys 0r C,; and that 11,
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17, and 21 oxygenition take place after the consersion to
the 4* 3 hetone  Analyses of urinary 17 hetosteroid exerction
mn subjects with adrenal hyperictinity have led us to the
conclusion that those sy ndromes are due in part to imbalances
in the concentiations of the various biosynthetic enzymes
(Rubmn et al, 195¢ Dorfman 1954) It 15 also possble to
discuss the variations from the young normal pattern which
are scen 1n old age m terms of the snme enzyme systems

In old age, androsterone and wtiocholan 3a ol 17 one
exeretion are decreased to about 20 80 per cont of the young
adult level while 11 osygenated 5a compounds are being
excreted at ahout 50 per cent of the younger value and 1
ovygenated 58 steroids at about 60 per cent  Lherefore we
must assume that the enzyme systems converting cholesterol
acctate, or other precursors to dchiydroepiandrosterone are
the enzyme systems functionmg at the lowest level m com
panson with those of youny adults  Tlus would account for
the low excretion of 11 desony Cy, sterords  Hhe conversiont
from 4%38 011 to d*3kctone and the 11 ony fenating
function arc less imparred and such dehy droeprandrosteront
as 1s formed 15 converted readily to androst #en 11801317
dione  (,, sterords are also bemg formed and ovy penated at
C 11 relatively elliciently as shown by excretion of two thrds
of the normal voung adult amount of 11 oxygenated 3
sterords

T he connection between the indieatcd changes m production
of mdividual adrenal hormones and the sims and symptomns
of old age has not vet heen established Lo tlns end, a study
has been started at the Worcester I oundation, i collabors
tion with Dr I ric Bloch and with Dr Harry 1reeman an!
the rescarch stafl of the Worcester State Hospital, 1n which
twelve elderly men arc to be gnen for many months, sterondy
caleulated to restore the unmary a 17 hetosterod pattan to
that secen i youngs men Concurrently p(rmdu tests art
mde of recent mamory, as an tndex of mental function and
of weight hftine ability, 18 an index of muscle performance
The duly sublingual dose of sterouds consits of 30 my of
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testosterone, 5 mg of androst ¥ cne 9,11,17 tnone {adrent

osterone), 1 mg ol cortisol acetate, and 2 mg of prepn -
ene 118,21 dio! 3,20 drone (corticosterone)  QOn this regime,
the mean tatal 17 Letosterod exeretion wncreased from 3 5:k
© 4mg pet twenty four honss to 15 8412 mg The unnaty
exeretion pattern has so far been determined for only one
subject It 15 shown 1n Table 11 Total 17 hetosteroid exere

tlonwas 21 B mg, of which 9 rag were androsterone, 6 6 g

Table I
Upsany o 17 herostraon BxoremoN o A SEVENTY Sven Yras O
Max ToeATED WITH STERQIDY

mg [23 fus
T're treutment total 17 hs 42
“Treatment total 17 hd 21 8
Androsterone

&Etioet olan 3a-01 17-pne

Androstane 3o 313-410) 1T-one

Atdrostan 3a-ol 11 17-dione

Fxiocholane 3a 118-diol 17-0ne

¥ tiocholan 3a-0l 11 17-dione

*Dady Subligual Dose =89 mg Testorterone
= &g Ad .

= Tmg Cort wl
= 2mg Corucusterone

were tiocholan Sa ol 17 one © & mg was sudrostane 3e,118
@0l 17 one 0 22 mg was androstan 3a ol 11,17 done, '0 14
:\lg ‘l‘;ai =twcholane 3a 118 drol 17 one, and 0 58 mvl was
'h\oc‘ 0] ;n 82 oL 11,17 drone  The total 17 kemstermas and

¢ 11 desoxy €y, sterods tve higher than the mean for

3( z::\g(n‘len but within the range for young men The daily
e o‘c c~t:~lermm s apparently too hugh  The 11-oxygen
srerouds approvimate soung normal values althoush

i

e 1l-oxypenated andrastans demwakanes Are iher ton
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Apparently the dmuly dose of ndrenosterone should be twice
as great, or the steroid administered should be androst 4 en
118 ol 817 dione, wlhich was demonstrited by Romanofl
Hudson and Pincus (1958), to be the sterord produced Iy the
adrenal gland  This fact was demonstrated after the estab
hshment of the experimental reyime for this study It
yet too enrly mn the study to make o statement as toats
probable outcome

Summary

Quantitativ e studics hate been made of siva 17 hetostermds
1n the urmes of normal y ouns men and wonien (ared nincteen
to forty) and of normal old men and women {a.ed scventy
to exghty eight)  Ihere s no sizmficnt diffirence e the
excretion of any of these compounds between men and women
of the same age group Vhen the eerction of the sterowds
by old men and women 1s compared with that by yount men
and women 1t 15 found that androsterene and setiocholin
8a ol 17 one excerction are decreased to 20-30 per cent of the
values for the younger group wlile escretion of 5all
ovygenated stcraids 15 50 per eent of that of the voun.er
group and excretion of 58 11 oy genated steroxds 1s €0 per
cent of that of the younger group  If this dilference De diy
cussed 1n terms of those adrenal enzyme systems my olved
n converting cholesterol acetate or other precursors to the
steroid hormones 1t would appear that the enzyme sy stems
functioning n old age at the lowest ley el 1n companison with
hose of young adults are the ones wineh convert the pre
ursors to dehydroepinndrosterone  1he conversion from
4% 88 hydrony to 4% 3 hetone and the 11 oxygenatint func
tion are Iess tmpured €y, sterords are alvo beng formed and
ovjgenated at L 1] relatively cfherntly s m asscement
with thosc studies whieh have demonstrated n greater
decrease with age n total 17 ketosterond ¢xeretion thu

corticosterond exeretion
The sintfic mee of this finding with respect to the s
and symptoms of old agc 1s a subject only for ape culation
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ab the present hime, but a study 15 10 progress m wineh recent
memory and muscle strength tests are being taken at intersals
by aged men on 2 regime of sterod admimstration designed
1o restore the urinary pattern to that of normal young men.
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Tunbrid;

st RB\ME: Dr Freeman, would you Like 1o elaborate Br Rubin’s

“n{i{:fm:n ‘\\:. gave 15 subjects a placebo for one month and then the

sreng of

Tinteb grony wori1dusd, 5nd we vall hate to eheck. this by winm o
the {u[ndm an

e i
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m two to three months, mnety five m four months, and sty at that
Ievel for the fifth month—an 1acrease of nbout 64 per cont It mas be
s o “very well praserved men, and wah

; ght get more on the psyeholozieat
s :

Tunbridge There 1s some work, T believe, to suggest that when ot
people are hept immobtle there 1s n difference In exeretory values from
when they are mobrle and active  You've nat done any studies on
people 1n bed, have you?

Rubin Most of our subjects do Inve t an old people’s home, but they
are not bedrtdden

Tunbridge ‘There 1s evidence from fracture cases, for what it's worth
that the level when they are outside Joving s the country, for example
farmers, 1s not so Jow ¥ hen we bring them in after a fracture the lewd
drops Jower than in your cases

Rubin Bat with fracturc ¢ ises you are runmng into the steess futor

Otbrich How do you exclude the merease m niusele «teength by duth
exeruse?

Preeman ‘i hie strength test is only fun ouce a moath, so thert iv o
prictice effcet at all There was ane sessson ab the begnning of the
placebo penod, and vne at the end, wnd the mean of ek of the two
tests was within a second of the ather

Otbrich  Antd whit was the mterval for the momory st

Freeman Fhint was done an s contreol pertod aud three aad Qe months
alter the il level

Coptfort Ind they have subjective effeets, atlicr duning the pt weho
period or during the medieation?

Ireeman ¥ believe the phecbo peniod was ton short  During the
medication period same sawd they felt better and there wer snnylog
seports of mcrensed or decreased urmation  The general report 1" the

. - r P -

25 per cint of eases show some tnproscnent on placeboy
Miescher We spohe vesterday about the sitality fuctor Doyou n'nllnl(
.. . '

. . L. ftwa judt

PR . - . .. . =t uf musubir
stromgrth 1L eowta cquacs ne el wy n Gt of Cioutes Guard 1t
0 Connor and ‘Tozant formd for csample in dofecthey that ifvou ghve
a fest of this type, preople mras cdnnge m thede cadurmae atul eonse
quenth fn therr acducvement  Lhoy carry out the perfori e slar and
more cllectively as their standard rises, or s thes laarn what they
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achues ed the last tme and try tul\mpru\c onat. Itnuy justas hihedy be
hological test as a8 physicsl one .

* ‘}?‘xn:avs‘ That 1s true A’: a matter of fact these people duin't hnow

what thewr particular end\xra'ucs was

LR

\ . "

Bu\iw;\s very Touch surpnised at Tus tesult. The
sl e s R

the ynun.g’men.

that basis

Parkes But not between male and female®
Rubm No

Krohn Mus Rubin, about the precursor of all tliese hormones. yon
sy 1t can be either cholesterol of acctate These two substances seein to
be so different chemucally that I do not sce how you imagine any
particular enzyme system coping with both of them

Rubin { was very careful to hedge about that. Dr. Hechter and luy
group are at present engaged on perfusing adrenals with vanous
‘precursor substances, but the whole thing s very much in a state of
fiux Tcan only say that the major block seems o be in the production
of dehydroeprandrosterone

Rpmbn Haoa ~ - o .
oy ) . .
stres ‘
exac ’ :

Ruom \ve did some work several years ago when we e 23 mg.
ACTI 2 day b various age groups, and we codldn't shot nﬁ; Siference
either in total exeretion or 1n individual patterns Ve couldn’t demon-
strate any great response to the dose of ACTH at anv nee

T oo by

1 Dunean, 1, F., Solomon D 11,

Ceeure Gtion,, 5, 18
Shock, N W, (1942) . Geron

i ownberz, B I, Nachols, M. P, and
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in two to three months minets Bve i four months and staving at that
Ievel for the fifth month—an increase of nbout 64 per vent Tt mas be
that this group was a select group of very well preserved men and with
& fess well preserved group vou nught get more on the psychological
stde I dont hnow

Tunbridse There ts some work, T beheve, to suggest that when old
people are hept immobile there 15 o difference m exeretory values from
when they are molile and actine  You've not done am studies on
people mn bed, hase yvou?

Rubin Most of our subjects do hive 11 an old people s home but they
are not bednidden

Tunbridge ‘There 1s evdence from fracture caces for what it s worth
that the Jevel when they are outside lining i the country for example
farmers, 15 not so lon Y hen we bring them in after a fracture the level
drops lower than in your cises

Rubin But with fracture cases \ou are runmng into the stres ficter

Otbrich Ifow do vou exclude the merese m muscle strength by duly
esecreise?®

Freeman  The strength test 1s only run once n month so there i 1
prictice effect at all  ‘Lhere wis one sesson at the begmnng of the
pitcebo period and one at the end and the mewn of each of the two
tests was wathin a second of the other

Qlbrich And what was the interval for the menors test®

Freeman That was done 1n a control period any three and five montle
after the imtial level

Comfor! Dhd they have subjective effects either durning the phicebo
period or during the medication?

Freeman I believe the plicebe period was too short  Dunng the
medication period some said they felt better and there were Yanite
reports of increased or deereased unnation  The general report by the
majority was of not feeling vo tired I wouldn t trust thus unless Trna
group on plreebos where the iy estigntor didn ¢ know whuch wis which
1here have been an increastng number of reports on the effect of p! reeboy
on pun and head whe—I believe that 1n arthntis it has been shown thit
25 per cont of enses show some improvement on placebos

Miescher Ve spohe vesterday about the sitality factor Drrou thak
that by giving testost there 13 1mp of the physicl vll"\hl) '

ctreneth It could equalls be reparded as a test of endurance  Gordent



NIQUES
TISSUE TRANSPLANTATION TECH!

APPLIED TO THE PROBLEM OF THE
AGEING OF THE ORGANS OF REPRODUCTION

P L Kroun, BA,RM,BCh

Department of Anatomy Untversity of Barmingham

THE werpretation that 15 attached to the word “ageing”
depends very much on the particular tissue whose cells are
agewg An mdnidual newrone in the central nervous system,
for example, may dride by mutosis until the end of the first
\ear of Mife, 1t may inerease 1 nize later m e, and 1kas aba
capable of regenerating a new picce of fibreaf its axon 15 cut
An unknown proportion of such cells dies as time goes on,
but seemungly none of them are ever replaced  The compon
ents of other hssues, such as shin or the epithehum of the gut,
are continually beng replaced and the cells that one sees m
an old ammal are therefore, not old 1n the way that neurones
are old, for they may just have been formed by the most
recent of a series of cell divisions which stretch back nto
cinldhood and earher DBoth tissues have aged but the
wdividund eelis that make up the tissues have not both aged
n the same way

Othier types of speciahised hissue, e g the mammary gland
or the uterus, undergo cveles of actinty during the hfe of an
ndisidual The cells grow, mature, function, become atrophie
or serule and then after an wterval for recuperation may
repeat the series of changes The functional capacity of the
treue alters as s expinence of stimulation by hormones
mereases with each evele of actrity  For the mammary

£3and s 1s demonstrated by the inerensing amount of mll
which 15 produced n successive lactations  The Previous
expenence of the uterus to hormone Also conditions its
subsequent sensitiuity to further shmul

1
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when ACTHT finst reared s ugly head, there was constderble clinteal
opmon that older indi rduals responded to stresses of v trious hands lesy
effectively than the young, and presuming thet ACFI repre
phy stologreal stimuius to the adrenal cortey, it was thought that one
ought to sec diffcrences 1n response to a phywtologieal stinulus
Ttubin T'd ke to point out once more that n these old veonle the
17 oxionatad ¥ © o - e
not
duc . . t
lex " . . !
17" o

5

dec . 3" v ws Lk tne pivaorcgicd
tests of metabolic respanse of which Dr Shack speiks would be due to
the 1l-onygenated Gy sterouds, o one would not espeet 2 marhed
difference in young and old subypets



ACE CHANCFS 1N THF Ovam 143

od embryologeally, the ovary mav undergo
:‘:;::,lgey:;‘;:h) perplasia 1n utero % fuch 1s folloned Inter by
ration and regression

M%fgffnumm“; %?pcn emphasize the conserse finding
that the voung postpatal ovary of 1amous expenmental
anuyals 1s insensitive to hormaones Absolute insensitinity of
the ovanes of four weel, old rabluts has been reported In
Hertz and Hisaw (1934) and Pathes {1933) hns shown that
fomale rabluts do not yespond to a gonadatroplun prepatation
from horse pitwitary glands until they weigh mare than 1 3
iz Adams (1903) reports that ten wech-old rabluts are
nsensitive to a sumilar type of pitwtary extract whatever
therr neight Themr capacity to respond increases rapdly
dunng the nest tno weeks and super-ovulation can he
aefueved when a rabbit 1s three months old  The ova which
are refeased ean be fertihsed but fal to des elop in the imma
ture ammals not, however, because the ova themselves are
madequate but because the necessary utenne conditions hase
ot yet been achyeved  The ova will develop fully f they are
transferred fo the uterus of a mature host

The duration of this early phase of absolute snsensitavaty of
the ovanes vares considerably from ane species to anather
2t appears to be very short in the rat (Price and Ortiz 1951)
and the young heder  Marden {1931) has reported that
three-weeh-old calf will respond to mjections of gonadotre
phunt at least as well as an erght to eleven month old eall On
the other hand young female monleys are wsensitine for
velativels much longer In general the mterstitial tissue of
the ovary Tesponds at an earljer age than does the folieular
sppratus, whieh scems to gron slewly but autonomonsly
until the sty ¢ of antram formation is reached

(b} Lhanges at puberiy

fn some speeses the prtustaes. gland cantuns gmadotroplun
vens belore the ammal s born  The hormone gradualy
accutnul vtes m the pland as the age of puberty 15 npprow]\e()l
Qawson G lden and Sevenngheus 1939) but none je relensed
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The ovary 1s a composite organ some of whose cells undergo
cyche changes wimniar to and an fact responaible for the changes
tn the mammary glands and uterus  The other mawn group of
cells the ooevtes may, 0s will be seen Tater behave mther
Iihe some newrones  Thesr ifespan may mdeed rival that of
neuroncs although the chance that any pirticular coevte will
survive s long 1s much less It 1s about the age changes m
the ovary and the ways m which the methods of tissue trans
plantation can be used to studsy the changes that T wish to
talk todax

The Life of the Ovary

Temporal changes in the sensitivity of the ovary to lts
hormonal environment

(a) During wira wterine Wfe and before puberty

A discussion of the process of azemg m the ovary cannot
he restricted to the adult or old organ but must also consider
the changes that take place dunng the prepubertal peniod
The ovary ean ndeed be permanently affected by ats hor
monal environment vers carly m intra utermne hfe It
generally helieved for instance that the ovam of the free
martmn foale eattle twin develops abnormalhy beeanse it
affectcd by the transplacental passage of hormones from #s
brother  The gonads of a fectal forl may 4t one stage be
twice the size of the ovaries of the parent ( \moroso and
Rowiands 1851) This enlargement due mamly to anincrease
m the amount of mterstitial tissue 15 attrbuted to the effects
of astrogen rather than gonadotrophin beeause it oceurs
during the latter part of pregnancy when the scrum gonad
otrophin les els characteristic of the earhier stages have fallen
and beenuse serum gonadotroplun docs not cross the placental
membrane  Bacwuch (1948 19,0) has demonstrated regressne
changes m the human ovary just aftcr bieth winch he redates
to the withdrawal at the time of delnery of 2 linrmonal
oimudus  Dike the ndrenal cortes thorefore to whdugt s s
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clear nor 15 it certam for how long into old age the wnereased
titres of gonadotrophun continue

1t 15 certamly reasonable, at first sight to Yeheve that the
menopause develops 1n women because the 0vary 1s no longer
capable of responding to gonadotrophin but the evidence
on thes pomnt 1s not very strong and even contradictory
Rurzrok snd Stmth (1938) found that the response to treat
ment with a pregrant mare serum extract gradually deereased
as the age of the patient increased  The ovaries of two women
aged suxty three and sicty sicdid nat respond atalf Westman
{1934) on the other hand believed that he Testored ovarian
functson, 1 two wowen aged fifty one and forty eight who
had stopped menstruating by giving them transfusions of
blood from pregnant women winch contaned an antenor
pitutary hike gonadotrophin  Waldever (1934} m a enticism
of this work desenbed seven menopausal Women i whom
ovanian function apparently restarted after an nterval of
four or five years without any treatment and referred to other
reports that regular menstrual penods ms) recur seven or
even mine years after the menopause  Waldeyer also quoted
the work of Tschertok and Penhow who trented seven meno
pausal women with extracts of pregnancy urine unsuceessfully

The disappearance of ova from the ovary does not necess
anly mean that the post menopausal ovary 1s an entwely
3\:}:“ orgml\G(see }\ allart 1942) Wolt Hertip Smuth and
bec(rs\:en h(yp:f;l:s:)c i:xesh:‘:est\‘x‘lttu‘fh:t\s: olmtal e ey

ulation by pitwtary
gonadotrophin and that the oceurrence of carcinoma of the
Ut;rusrmn be cn]:elated with such changes
s far as 15 known no such abru e110]

other spectes but the \nfonnatxonpiv:‘ﬂah{’ea‘:ze &c;\;:e;n
seanty either beczuse the ammals die too soon n the\y
!ym}um\ habital or are Walled too soon forenn  — v

[
«_ulnenstruating 1n 1929 and which
was still menstruag 7 e “oll alne an
s sul t0g 39T (The amimal 15 still alive and
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At puberty the material which has been loched up i the
pituitary 1s <et free to act on ovaries which have also become
progressively more responsive. The process wlich triggers
the mtial rele se 1s, however, altogether unknown  If Kallss
(1929) 1s correct, the immature gonads already hold the
pitutary n cheek before puberty. Ile found that a 15-20¢
rat 1n parabrosis with a castrated immature rat of the same
weight rapidly came mto cestrus,  Kallas behieved that the
absence of the gonads in one parabiont allowed 1ts piturtary
to release gonadotrophin which stimulated growth mn the
gonads of the other We now hnow, however, that the
non-spectfic stress of surgteal operations may be sufficient to
mduce precoctous puberty (Mand! and Zucherman, 1951)

(¢) During maturity

The reproductive processes continue to mature after the
first pregnancy and maumum cfficieney, as determmed by
the number, size and development of the mdividual foetuses,
1s not reached until several pregnancies have oceurred This
35 true both of laboratory and agricultural ammals Not only
are the number of ovulations inerensed (either because more
gonadotrophim 15 being seereted or because the ovarncs are
more sensitine) but the mtra utermme condittons evidently
become more satisfactory smnce the indnadunl fotuses are
larger as well as more numerous

(d) The end of reproductice Life

The maximum reproductive capactty 1s mamtamned for
several pregnancies before 1t begins to decline The most
dramatic and rapid change 1s seen 1n women when the onsct
of the menopause, with which 1s associated a decrensed
production of sex hormones and the disappearance of oocytes
from tlic ovaries, mdicates the end of the cluld-beaning epoch
Whether the mereased amounts of gonadotrophin circulating
m the blood and unine at tlus time represent extra production
by the pitmtary or decreased utihisation by the gonads 15 not
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clear, nor 15 1t certan for tiow long nto old aze the increased
itres of gonadotrophin continue
1t 1s certmnly reasonable, at first sight, to believe that the
menopause develops 1n women because the ovary 1s no longer
capsble of responchng to gonadotrophim, but the evidenee
on this paint 1s not very strong and even contradictory
hurzroh and Smith (1938) found that the response to treat
ment with & pregnant mare serum extract gradunily deereased
us the age of the patient mereased  The oraries of two women
aged sixty three and sixty six did not respond at all Westman
(1934) on the other hand beheved that he restored ovanan
fanction . two woraen aged fifty one and forty cight, who
had stopped menstruating by giving them transfusions of
Ylood from pregnant women which contained an anterior
pitwitary ke gonadatroplin  Waldeyer (1934) i a eniicism
of this work described seven menopausal women 1in whom
ovanan function apparently restarted siter an interial of
four or fise years without any treatment and referred to other
reports that regular menstrual periods may recur seven or
€ven mine years aftes the menopause Waldeyer also quoted
the work of Tschertoh and Penhow who treated seven meno
pausal women with extracts of pregnancy urime unsuceessfully
The disappearance of ova from the ovary does nat necess
anly mean that the post menopansal ovary 15 an entirely
mert organ {see Wallart 1942) Woll Hertig Smith and
‘l‘:‘c‘:r?: h(lglﬁ) also beheve that the stromnal elements may
m yperplastic as a result of stimulation by pitwitary
tin and that the o 1 of the
“!:u&fcm\ be correlated with surh ehanges
s far 8s is hnown no such abrupt :nenopause occurs 1
:C\L‘:: species but the information axaslable 1s extremely
o y1 aither because the ammals de too soon in their
l“(::‘ lmbnnt or are hilled too soon for ernnnm va
18 es ..
whic

» v o dmenstruating m 1929 and which
was sl men: - = Sl e o
ot struating in 1947 (The anmal e stall slave 2nd

31
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menstruating at rather nrregular mtervals i 1054 Whetl er
1t 1s ovulating or not 1+ unknown) Another baboon also
menstruated over a period of at least fourteen years A mon
hey m the Birminghan colony acerdentally dicd durmn, jreg
naney at an age of fourteen to fifteen and other spiyed
ammals winch are being used to compare the sensitnty to
hiormones of the uterus in vouth and old age are now approxt
mately twenty jears old  The only other mformation 1
provided by Hartman (1938) whe mentions that his colony
of rhesus monkey s contamed two ammals which reached te
ages of eighteen and scyenteen before they died  Both were
still menstruating but they had not ovulated for the preceding
three and one and o hnlf years respectively Smce the
menarche occurs at about the age of four these fragmentary
observations suggest that reproductive hfe m monheys my
last for as long as twenty years a period which probnbly
represents a greater proportion of the total hfespan than docs
the phasc of reproductive hfe in women

Strain differences in the rate of changes with age

The rate at which reproductive function comes to an enl
seems to vary considerably even witlun a single species
Tehete (1953) has deseribed the histolo,ical appearance of
the ovarnies of different aged mice from eight mbred strains
Ier obsersations are only quahtatie but they show fr
mstance that tl e number of follicles is noticenbly dimmishing
mn mice of the RIX and €57 strans when they have reached
the age of exght months while stmilar changes have not tahen
place in the C3H strain at thirteen months of age Loeb (1948)
also provides quahtative nformation bout mter strant
differences in the ber of follicles and n the 1 istologieal
appearance of other components of the ovaries of mice

Some similar observations have been reported by Wolfe
and VWright (1948) for two strans of rats wlich at equal
ages differed not only m the relative proportions of the cell
types n the pitwitary but also in the numbers of normal nd
atretic follicles and of corpora Jutea However Vwolfe and
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Wright only counted follieles over 0 3 mm. in diameter and
{erefore omutted all the smatier folheles which roake up
90-95 per cent of the total populition.

The Age of Ova at the Time of Ovulation and the
Probiem of Oogenesis

1t 15 becoming mereasingly clear that the nge of the mother
st the tume of ovulation may affect the future charactenistics
of the offspring in all sorts of ways  Since most of the evidence
beaning on this pant has been brought together n a sympos-
1um organized by the Nesv Yorh Academy of Scienees (1954)
there 15 no need to do more than mention a few evamples.
The increased risk of giving birth to a Mongol eld when the
mother 1s more than forty years old has long been recogmsed.
The defect, whatever 1ts cause, seems t0 be related to the age
of the mother only and not to the number of pregnancies
that she has had  The chances of finding a wide range of
embryological defects and the susceptibility of animals to
neoplastic disease are also related to the age of the mothers
(Strang, 1931, Law, 1934)

The relatise sigmficance of, on the one hand, the agang
ovum m the ovary, and the ageing uterine environment on
the other, cannot yet be decided 1t remains important, there
fore to determine whether the ovum that 1s fertilised showld
be reparded as a soung oran old cell We are thus led imumeds
ately to consider the problem of oogenests, which has formed
one of the major points of controversy among reproductise
bhystologists far 2 very long tume -

‘h;l'v‘\l l; ;n!‘ngl \d«:'n(mry views have tahen 1t in turn to become
p! ogma  The older view 1s that the ovary 1s
f‘?dﬂ“(‘d durmg embryonie development with a fixed number
dbs&::\ordl'arl‘gcrm cells from which the ooeytes subsequently
n hese cells are ot derned from the germinal
epithelium which covers the oy ary, but nugrate to ﬂ:;
before byrth Multipheation by ordmary ;mosxs m:\c oo‘ca:?r
<lll‘l:"|lr|: intra uterme hife hut has come fo an end soby’:\ ni‘cler
arth, from then on the anary merely uses wp the moterial
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that tt already contauns  If ths view 1y corrcet then the hfe
span of an ovum may approach that of 4 neurone and one
mught expect that an ovum which was fertihised when a woman
was eighteen vears old would behave differenth from one
that was fertihsed when she was forty years old  Ianangs
(1954} demonstration 1n rotifers that the lifespan and repro
ductive eapacrty of the olfspring are greatly influenced by the
age of the mother may well turn out to be relevant in this
connection It 35 belicved that n fived number of future
oocytes are incorporated mto the ovaries of these ammals
durmmg embryolomenl development and that no further
formation of coevtes tahes place  IHence the fespan of the
offspring depends directly on the length of hife of the mdidual
ovam before ferihzation

The alternative view which has become more popular
recently s that there 1s a continuous process of destruction
and neoformation Joing on 1n the ovary throughout repro
ductine lle It dertves to some extent from the feehng that
the signs of actrie atresia arc so evident m histologienl
seetions of the ovary that neoformation must also oceur 10
make up cven partially for the great loss of eells Thoughe
possible contribution of other elements has never been ruled
out the cells in the gernunal eptthehum cosenng the ovary
are usually thought to be the equnvalent of the layer of
spermatogonia m the testis and to be respousible for the
replacement of the ooevtes that are destroyed by atresit
The rates of the two processes of cogencsis and spermato
genests thus lhecome much more similar 1t has been su,r;gcﬂcd
mdeed that an oy um lives no longer than ared blood cell and
that its ifespan 14 to be measured 1n days rather than years

If this sceond view 1s correct an ovum that was released
when o woman was forty would posubly have suffered no
greater age changes than one released when she was
eighteen and the effeets of maternal age on the fectus might
depend mare on changes m the uterme evironment than
the ovary It would also mean that attempts to prolong
sepraductine hie m womcen could he bised not only on
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controlling the destructive processcs of atresia, but also on
stumulating contmued diision m the cells of the germmal
epithehum after they have ordinaniy become mactine

There 1s no need to discass fully the evidence for and aganst
these Lwo views since 1t has been summanised and entieised
1n detatl by Zucherman (1951) who supports the older view
n hus summing up  Two things stand out The first 15 the
extraordinary paucity of reliable counts of the total number
of follicles 1n the ovary of any speeses at dufferent ages, and
the difficulty of forrung a satisfactory picture of oogenests
by precing together a series of discontinuous Tistological
chserations  Second neoformation even if 1t oceurs at all,
s totally msufficient 1 women and partly wsufficient 1n other
animals to compensate for the atresta that takes place

Age changes in the ovum
However long or short the life of an oocyte before s final
maturation may witimately turn out to be, the ovum certamly

does not go on hving for very long after ovulation and the
present trend of annan - 4aw 4

during wh
Probably

even withun tius witery s the ovum's capacity to develop intoa
normal embryo fafls off progressively  The work of Blandau
and of Y oung (1933) has shown that, 1n both gumea pigs and
rats, the proportion of embryos wath defects of development
ncreases as the time interval between ovulation and fertihi-
sation 1 wereased  The ability of the ovum to become
fertibsed 15 not, however, altered n the same way. The
Proportion of fertiised ova tn the tubes 15 not changed and
1t1s only 1n the later stages of implantation and des clopment
that the snfluence of the ovum’s age becomes apparent.
This finding applies to cattle as well, accordmg to Barrett
(1948) who has studied the conception rates w dairy cows
;mﬁcm\ly nseminated at varymg intervals after ovalation

hese obsers ations may be of impertance in any consideration
of the problem of abortion in women since the natural
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meehinsns of astrous behiviour which ensure mmting onby
near the optimum time m wmmals do not operate w humn
bemgs

Transplantation Techniques Applied to the Study
of the Ageing of the Ovum and Ovary

The method of tissue transplantation has been used for the
study of a wide range of brological problems  The net pact of
tlus paper will diseuss how the technique has been applied
to the particular problems presented by the agemg ovum and
ovary  lmally, some of the general hazards that beset the
tissue transplnter, the w ays of overcoming them, and some
cexpermmental results will be described

The transfer of ova

The techmque for the callection of fertshzed oy from the
Iallopan tubes and their transfer to either the tubes or the
uterus of another ammal 1s now well established and has been
used espeenally in the study of reproductive physiology
rabbits and cowns, such experiments have not usually, bowever,
been directed towards the study of age changes m the repro
ductiye tract atself The method has also been used by Fehete
(1947) to imvestigate the effcet of transferring ova from onc
stram of mice into an environment provided by another strun
of mrce Iler work shows for cxample, thit the eggs of the
two struns, dbaand €57, has e about equal powers of surt wal
but that the environment provided by one strain 1s mor¢
conductie to survival than that provided by the other Once
agamn, however, the work was not directed tow irds the studs
of age chnge but 1t indieates the potentiahtics of the method

The grafting of whole ovaries
The onset of puberty

Some of the earltest work using ovaran transphntation
was concerned with the fctors which mfluence the onsct ©
puberty It was, mdecd, carried out long before an wterpre
tation of the results mn terms of pituitary gonadotroplun
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eould b attempted  Foa (1900 1001) transplanted newborn.
xabbit graries wnto rabbuts of different ages  One of s
expenmental groups, i which tuelve to eighteen month old
rabbits were used as hosts, demonstrated for the first time
that transplantation snto o Mature environment screlerates
the maturation of a young ovary Thns group however, only
contamed three expenments of winch two pave postwe
results  In amother group the hosts were five ta six years old
snd the newborn ovary never survived the trinsplantation
Comersely Lapschutz (3920) shoned that the transplantation
of mature ovares faded to induce rapid femtmzation f the
host guineapgs were prepubertal  Other expenments, winch
indicate that ovaries of newborn animals develop precocions!y
when grafted mto older amimals have also been descrbed
by Lapschutz (1925) Diel Costillo (1929) Engle {1929) and
Pleler {1933) Goodman (1834) May {1940) and Dunham,
Watts and Adwmr (1941) showed that immature ovanes which
are implanted 1nto the anterior chamber of the eye of adult
male and female rats of the same inbred stramn also dey elop
mote rapidly than normal (Estrous cyeles ate restored after
andy a very shghtly Tonger delay (thirteen to seventeen days)
than follows the graftmg of adult ovares {seven to fourteen
days) In many of these expenments there 1s some doubt
'\l:w:x\ the finad result and Del Castillo for mstance el oy ac
.

v v e grats at autops:

ffertz and Hisaw (3934) whose work on the sensitivity of
‘ouhg ovaries ta gonadotrophun has already been mentioned
Erafted four week old ovames under the repal capsule oi'
teelve 1o foutteen weeh old rabbits  Ten days later they
began treatment with govadotroplun  In four experiments
which the grafts took successfully the hosts oyames responded
n)ormu”) bt th, grafts were not affected They interpreted
this absers ation to ndheate that the failyre of the very voung
£onQ 10 respond resided spectfically in the ovary and “a:
not snfluenced 4y conditions in the rest of the ntact aramal
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It 1snow known, however, that grafts of any age often fail to
respond to a dose of gonadotrophin when the host’s oyanies
remam i siu, o finding which 1s attributed by Lane and
Markee (1941) to differential take up of the hormone by the
host glands which retmn an intact normal blood supply

The anterior pituitary gland of a young antmal also
develops more rapidly after 1t has been transferred into on
adult host Harns and Jacobsohn {1951) found that prustary
tissue which was transplanted from two day old female rats
to the sella turciea of therr hypophysectomized mother, very
soon functioned Iihe a normal mature gland and restored
normal cestrous cyeles  Harns and Jncobsohn also found
that the pitustaries of newborn male rats were just as effectnve
m producing aestrous cycles 1n the female host

When ovaries are transplanted mto adult males, howeser,
only folhcular development tahes place and no corpora lutea
are formed  The mature male pituitary apparently fails to
secrcte the Iutemizing hormone which 1s required for ovulation
and the formation of corpora lutca There 1s, therefore, &
functional difference between mature male and female
pituitaries By gonad transplantation studies Pfeiffer (1036)
was able to show that, at birth, the character of the hormone
production of the prtwitary 1s still undetermined and can be
directed 1n one direction or the other by bringing the gland
under the influence of male or female gonads  I'mal determ
nation has normally oceurred before the age of puberty, after
which attempts to change the function of the gland are
unsuccessful

Pituitary transplants and the end of activity of the
ageing ovary

Wiesner’s prelimnary obsers ations (1932) indicate that
the ovaries of old rats, unlike those of women, are still eapable
of responding to gonadotrophic stimul, wiich, 1n ordinary
circumstances, the pituitary no longer provides Compensa
tory hypertrophy after unilateral gonadectomy did not occur
m either male or female rats which were over twenty four
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months oid and shich shoned evidence of gonadal insuffies
ency Onvaran function could however be restored by
treatment exther with extracts of pregnapey urne ox with
gealts of anterior pitwitary tissue Tlofiman [193%) mso
vestored, cestrons cycles in old ancestrous mice by transplants
of calf prtutary tssue It 1s evident from the Mustrations
proded by Hoffman 1hat the ovanes of these e at
though atrophic still contaned many primordial folbieles
whieh could respond to gonadotrophm

1f these expersments are vahd 1t would seem that while
the function of the ovary fails before that of the pitmtary m
women such 1s not the case 1 rodents  This mter species
difference 15 further shown by work on the development of

avanan tumours in the agemng osanes of rodents transplanted
nito Y € spieen

Ageing of the ovary and the development of ovanan
tumours

It 15 known that tumours develop n ovanes that are
autotransplanted to the spleen of spayed rats or muce (His
hmd and Bhiskind 1944)  The usual explanation for the
development of these tumeurs is that strogen from the

grafted ovary pusses directly into the portal crculation and
15 destrayed by the hnes Fof =t 1

tlease of gonadotrop
Sesennphaus 1938}

Sy the ptuitary persists and sty

mulates abnormal growth of
gxc gralt While thus 15 true for the rat 3t may not be so for
m\e thesys morkey (Yan Wagenen snd Gards er 10501 o

- s vyaran tunction dech

e wos at echnes at

3 menvpouse  IF there 15 any reactive tissue Temaining 1m
e ovary  one would e

¥pect osartan tumours to be
faore common i older women oot

This expectation 15 not

::;;\\rr \:rnc out by the fucts and one must thm’f’:re
e esther that the level of gonadotrophun 15 not high

g!
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enouh or that the ovaries of women have become refructors
to stimulation of any sort

In tests on rodents, howeser, Lt and Garduer (1950) found
that the ovartes of 340~491 day old muee were just s sus
ceptible to tdmour formation as were the ovaries of younger
ammals  Klemn (1952) who extended these observations to 1
group of old mice whose average 1.e was seven hundred and
ninety nine days also found that old ovaries may devclop
tumours but there was some evidence that thes werenot 1s
sensitive to the stimulus as are young ovaries  Fhe positue
findings mn these experiments can be correlated with the
continued presence of active ovaman tissue m such old
ovaries and serve to chstinguish once agam the a emng ovary
n women from the ovares of rodents

General methodological problems of ovarian
transplantation

Much of the carhier work on ovaran transplintation must
face the objection that the experiments were not deugned
m a way that would averd the difficulties mtroduced by the
immumnty reaction which develops when any tissue 1s homo
grafted  One w1y of overcomin,s thus dfficulty 1s to use » hat
may be called delayed autograftm,g  Lissues ¢ in be rumor ol
from an ammul wlile 1t 15 still young preserved for any
required Iength of time by storage at Jow temperitures and
then regrafted mto the orngmal donor Ihe results of this
form of experimental approach will shortly be discussed
by Parkes  The mcthod suffers from the nevitable dis
adyantage that tomorrow s older tissues cin never be tras
ferred to yesterday s younger ammals It 1s only possible to
graft tissues of thewr more vouthful days mto ammals that
have got older There 15 also the added disndvantaze that
the tissue may deteriorate during prolonged storige

An alternative approach depends on the fact that some
strams of mice are so nbred that tissues can be transferred
from one member of the strun to another without stimulating
an mmmumty reaction Tissues from both parent stramns of
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mce are 2ko aceeptable to the hybrd produced from crossmy
the twa strams  In this way 1t becomes possible to study
what happens not only when an old ovarvas placed in a young
enviTonment and vice tersa but also when ovanes of two
strans which mny differ m the rate in which they become old
{sce abotc) are put into a common envitohment {C{ Husebv
and Buttner [1900) who were interested 1n the nfluence on
the medence of mammary cancer of ovanes from strams A
and Z when grafted into A xZ hybrnds )

Many different sites for transplants have been chosen wnd
the funetional activity of the grafts has usually been assessed
by the reappearance of cstrous cycles and by histological
methods  Most sites such as the subcutaneous tissues the
spleen or the antertor chamber of the eye ly § d
the most valuable and for our purpose the essential enterion
of funetion  The ovary, must be transplanted so that the ova
can reaeh the fallopian tubes beeome fertilized and implant
w the uterus  Such orthotopie grafting of ovanes was first
camed out i rabbits and gmnea pigs wluch do not have a
complete ovanan capsule some fifty years a0  Foa {1901)
ani Castle and Phillips (1913) believed that pregnancies
which took place after grifting were denived from the grafted
ovary and not from regenerating host ovary  Much more
recently Whitnes (1946) believed that he had suceessfully
cxchanged orthotopically the ovanes fram a bloodhound to
a foxhound although the ammals failed to become pregnant

afternards

The fact that 1ts ovary 15 surrounded by a capsule makes
“easier to achieve this purpose m the mause than m the other
twe speeses that have been mentioned It 1s relatrs ely simple
o vpen the capsule remove the ammals own ovary and
rcrp‘l:cc W with another  This method of mtracansular mvafs na
of tha
i '

&f .
Y mup ¢ uvetween the genetic and environ
r&\:an‘ll\l rtuctms which are zesponsible for the intra utenne
1 o homozy gous yeltow mice  The Bar Harbnr workers
y



154 P L Kroux

cnough or that the ovartes of women have become refractors
to stimulation of any sort

In tests on rodents howeser, Lt and G wrdner {1930) found
that the ovaries of 310491 day old muce were Just as sus
ecptible to timour formation as were the ovaries of vounger
ammals  Klem (1952) who extended these obseryations to %
group of old mice whose average age was seven hundred and
nnety mne days also found that old ovaries may develop
tumours but there was some cvidence that they werenot 2
sensitive to the stimulus as are young ovaries  The positine
findings 1 these experiments can be correlated with the
continued presence of active ovarian tissue m such old
ovaries and serve to distingsh once agmn the a eing ovary
m women from the ovaries of rodents

General methodological problems of ovarian
transplantation

Much of the carlier work on oy aman transplantation must
face the objection that the experiments were not deugned
m 2 way that would avoid the difiiculties mtroduced by the
smmumty roction wineh develops when any tissue ts homo
grafted One way of o ercommy this difficulty 1s to use what
may be ealled delayed autografting  Lissues ¢1n be removed
from an ammnal winle 1t 15 still voung preserved for any
required length of time by storigze at low temperatures and
then regrafted into the orgmal donor The results of thus
form of experimental appronch will shortly be discussed
by Parkes The mcthod suffers from the mevitable dis
ady intage that tomorrow s older tissues can never be trans
ferred to yesterday s younger ammals It 1s only possible t0
graft tissues of their more youthful days mto ammals that
have got older  [here 15 also the added disadsantage th it
the tissue may detenorite dunng prolonged storage

An alternatine approach depends on the fict that some
strams of mice re so inbred that tissues ean by transferred
from one member of the strun to another without stumulating
an mmmunity reaction Tissues from both parent strains 0
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of another stram  The host ammals were necessanily spayed
before grafting snd conditons for the survnal of homografts
should have been ophmal  In 25 experiments the homografts
that were Tecosered at autopsy, between nneteen and forty
six days after grafting, had all been destroy ¢d by 12 homograft
reaction 1n which round cell nfiltration and  yeplacement
with fbrous tissue were prominent features In some of these
expenments cestrous cycles had continued after the operation
Tie explanation for this fact, however lay nobn sunn al of
the homograft but i the presence of small masses of ovaran
tisue of host ongm left behmd after the ovanectomy
Mnff between homograft and oranan
{rsue was gqute obvious when the materal was exammed
lustologrealty  In further experiments the homografts were
remaved ether six or wne days after griftng In oll &
reaction against the grafts was well under way, in most of
them the tissue orgatisation of the grafts had already been
destroved but a few small follicles and some luteal tissue still
looked reasonably healthy The fotheulnr apparatus does not
withstand the rigours of homotransplantation as well as the
futeaf cells, scattered clumps of which may stiit be seen some
time after the rest of the ovary has been destroyed

The “Potential Immortality™ of the ovary

The fact that tissue cultures of fibroblasts can be mamn
tained for very long peniods of time 1s well known The same
sart of celiular immortality can be demonstrated for tumour
t:clls En repeted passages of the mahgmant tissue fram ane

@y aenved Very few attempts have been made to
carry out similar expeniments with notmal organs  Loeb
(Sl'lh) feports the serial transplantation of thyroid glands

trong A mice  The number of sepal transplantations
Tunged from three to seven and the transplants remained 1n
each hiost for three and a half to stx months In some of these
Siperiments the thyred tissue survised the process of senal
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who have developed an ingemous marher gene teehmgue for
distinguishing between the offspring from the prafted ovan
and from any ovaran tissue that regencrates, have shown
that htters can be obtaned even from embryome ovanes
that have been transplanted mto y oung adult ammal

Russefl and Douglass (1945) have also used the method to
study what happens to the ovaries when they arc submtted
to abnormal hormonal influences during a tempor iry stay 10
the spleen of castrated hosts before being returned to o normal
endoerine environment  They find that the oocy te producing
apparatus 1s unable to withstand such treatment, although
the endoerine function 1s unaffected

My own experiments using transplantation methods hwe
been dirceted nlong the following lines

Problem of technlque

The only serious difliculties rused by the techmgue of
mtra capsular graftimg are incomplete removal of the ovan
and bleeding from the cut ovanan vessels  Lven the most
meticulous surgery cannot slwnys obviate the first difficults,
but the effccts can be mitigated by using the gene marher
methods introduced by the Bar Ilarbor warkers Patience
seems to be the only way of overcoming the second ‘The
use of a diathermy cautery was unsatisfactory beeause 1t
damaged the deheate tissues of the fallopian tubes

The mere faet of transplantation 1 -uffieient, according to
Hummel, Fekete and Lattle (1933) to increase the proporhion
of ovanan tumours that develop m Iiter hfe  The results U
any work which uscs the method may, therefore, have to be
iterpreted with some caution

The survival of ovarian homografts

In view of the widespread differenges of opiion shout the
chances of surylyval of os arian homografts, discussed elsewhere
(Krohn, 1955), I hnve earped out a further series of expen
raents in which ovaries from one stram of mouse have been
transplanted orthotopically into the ovarian eapsule ol mice
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This would confirm the general impression that ovaman
function 1 rodents 1s related to pitwitary actiity and not to
changes snherent i the ovanes themselves

Using CBA and A stran mee for the work, we are also
satisfied that 2 bybrid host can tolerate grafts of ovames from
both parent strans  OF the sic ammals used all have shown
wstrous cycles and after mating have had vagwnal plugs
and become pseudo pregnant  So far two of them hue
hecome pregnant

Before proceeding any further with the experiments 1t
wiff { ¢ necessary 1o establish more exactly the ate at which
the total number of follicles m the ovaries {both normal and
after transplantation) falls off as the mice get older Only
when this mformation 15 asalable will one be able to s+

anything with certainty about the interaction of the ageng
environment and the agewg ovary

Conclusion

Ttisa far ery from the days of Voronalf and the expectation
that transplants of gonadal tissue would seme to rejutenate
the senescent Tt 15 mow plawn that such hopes which rested
on the possible benefits"of heterotransplantation were bound
tobellusory Today even homotransplants of gonadal or of
endocrine tissue have no practical chmeal value  In the
future however the method of transplantation may contr:
tute more s a research tool to the problem rused by the
ageing of tissues than it exer could hase done m the past as 4
form of trentment
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transplantation and the oldest tissue recoy ered was forts one
months old, which 1s probably outside the ordmary hfespan
of the stramn of mice used T oeb (1945) mentions that stmbr
experiments with grafts of ovary fmied entirely  Some
comments by Dunham, Watts and Adar (1941) that are
madental to their main work, also suggest that the ovany
does not tolerate bemng transplanted more than twiee

In our own ciperiments ovanes have been autotrns
planted from one side of the body to the other at mtersals of
two or sin weeks Control nutografts readiy surved °
period of up to twelve weeks and gne nse to normal yagmal
astrous cycles  In the first group of anmmals the period
between suceesstve transplantations was two weehs  After
the sccond transplantation two out of eight anmals contined
to show defimte cestrous cycles and four of the eight showed
occasional and irregular periods of cestrus  After the third
transplantation four out of five ammals showed no cestrous
cycles at all and only one gave a doubtful pesitive result
The same results were obtamed 1 another group which were
continued to a fourth transplantation In the final cxperiment
six weehs were allowed to clapse before the sccond trms
plantation  (Estrous ey cles did not recur during the sueceed
g six weehs m any of the four anmals used The c\periments
have, thercfore, fmled m their purpose  They are bemng
repeated using orthotopie grafts and aliowing  longer mtersal
to elapse betwceen successive graftimgs

The behaviour of old and young ovaries in environ-
ments of different ages

Combinations of orthotopte grafts have been employed
either young ovares mnto old hosts old mto young, young
and old mnto young, and young and old mto old Only Strong A
straan mice have been used It 1s too early to say what the
effects on the numbers of oocytes and on reproduction
will be, but 1t would appear that old oy aries grafted into young
ammals behas e more satisfactonly, as far as the data on the
astrous ¢y cles go, than 3 oung oy aries grafted into old amimals



REFERENCES 161

Rowexrsos, 3 J (1042) J exp Zool , 89,107

Russrin, W L. and Dovcuass, P W (1943)  Proc nat Acad Sevy
Wadh 31,402

nns;ug\\ L and Horsr, J G (1945) Proc naf Aend S, ¥ ask,
1 267

Lt 4 a2 Qe Er oo

Weseer, B P (1032) Ot med o, 2, 383
Woure, I M, and Weionr, A W {1943) Concer Res 3, 407
Wa moar o Mmoo e ag ey ENAP I NPT



160 RerERENCS

Barnerr, G R (1018) PhD Thesis University of Wisconsm Quoted
by Young, 1053

Bxsxm;n M S, and Bisninp, G S (194) Proc Soc exp Biol \ 1}
55, 176

Cister, W I , and PurLens, J C (1918) Scence, 38 78

Det Castirro, £ B (1920) C R Soc Ihol, Pans, 102, 457

Dumx;n, L J,Warrs R M, and Apamg, ' L (1031) Areh Pah,
32, 010

Ew~aur, L T (1029) Amer J Anat, 44, 121

Tiwxrre, B (1047) .Anat Rec, 98 409

Tiwoe, I (1953) dnat Rec, 117, 93

Toa, C (1000) Arch stal Ihol 34 43

Tod, C (1901) Arck utal Biol, 35, 364

GoLorN, J B, and Stverineiaus, I L (1938) Proc Soc exp Biol
N1, 39 861

Goonman, L (1933) Anat Rec, 59, 223

Harrts, G W, and Jacopsonn, D (1951) Proc Roy Soc I, 139 263

Hart™MAN, C G (1938) Les Hormones Sexuelles p 103 Tams
Hermann & Cie

Hrrrz, R, and Misaw, F L (193%) .mer J Physiol 108 1

Horrvaw J (1031) . Amer J Obstet Gynee 22 231 ”

Huasvre, K P, IFkear I, and Livree, C C (105%) «Anat Ree "7,

0628

T . T A amID mene T T 210n Qtawa 1 [lormones A Sym
\ .
- . 1
N \ . "
N ' oy, .

" " . " o Ment Disy T

340

LansiNg, A T (195%) dAnn N'Y dcad Sei, 57 455
o AT - T aneny Gronth 5 61 "
S1viminanavs I L (1039)

1 57 575

Cancer Res 10 162
LIpscItULZ, A (¥e0) © av ooe » s 2ans 93 1066 .
Lyror, € € Iusmpr K P Lpps M and Ruerws B (1031

Proc nat Acad Sci Vash 37 608 et
Lorsz, Ié (’1?457 Biologteal Basis of Individuaity p 104 Sprng!
c homas

L (1948) Areh Path , 46 401
I:ot:u (1948) + 46 401 - i

470



PRESERVATION OF TIsSUE 10 vilro 163

of agetng while the donor ammnl wends its way to semlity

The 1der of acluering 2 state of suspended ammation at low
temperitures 1= of course very old and depends 1 its modern
fyrm on the reasonable assumption that all vital processes
would be suspended 1t temperatures such as those obtaned
by the use of dry 1ce (~79° C ) or hqud aw {~190° C€) Until
recently however the act of freezing and thawing was fatal
1o almost sl normal eelly of yertebrates, so that Lttle pro
[ress was possible 1 the study of espenimental biostasis
Thns situation was sltered radically a few years ago by the
olsertation that glyeerol has remarhable properties m pro

tecting hwing eells agamst the otherwise fatal effects of
freemng to very low temperatures {Polge, Smith and Parkes,
191)

This diseorery has made 1t possible to heep 4 variety of
haing cefls at ~59°C or  190°C 1 an appatently stable
state for periods of months or sears and the work has added
eatly to our hnowled, e of the dvnammes of the hvmng cell
an1m pirticulnr of the eflects of low temperatures

Resistance 10 Freezing and Thawing

It appeans that freczang damage 1s primany of two kinds,
<ne due to the hypertomeity of the residual fud as water
freeres out av xce amd the otlier to thermal shoeh ansing
from rapd chinge of temperature cither above or be]og
freezms pomnt  The former can be avoided to 2 Jarge extent
'y ultra rapid freezing the latter by slow cooling In other
nerds 1t s atmost impossible to freeze a normal cell by
(rdinary methods without sulyetung it to one or other type
(fdamize Gheerol apparenthy exerts its effect by decreasyn s
We Wprtomens harard and permitting cooling to be slow:
eneuh to aveud thermal shock (Loveloeh 19a3)

The | Sl?h\\lly at Low Temperatures

e doss «f cefls on freezmp nd th

at the low §c i may L;K* i} "‘:““2 ““hﬂ“t‘ “‘UT"L“"‘
Iig Py sub

statid or very lare accarding to the conditions and the




PRESERVATION OF TISSUL IN VITRO
T'OR THE STUDY OI' AGEING

A S PARKFS, SeD,I'RS
National Institute for Vedical Rescarch London

Tur general question of agemg of parts of the body
relation to agemg of the whole can be mvestigated i varot
ways I want to deal with a speeialized development of one
of them In the case of organs or tissues which can be grafted
1t 1s possible to transfer the organ or the tissue from one
ammal to another m such o way as to have an old tissue m
a young ammal or a young tissue m an old ammal  Theoreh
cally, as Dr Krobn has mdicated 1t 1s thus possible to
distinguish between functional breakdown of a tissue due to
mternal cnuses and due to failure of 1ts environment  Unfor
tunately, some of the organs most switable for homograftng
and for cstimation of funetional activity—the endocrine
organs other than the pituitary body—are of hmuted sigm
ficance in this conncction beeause they are hnown to he
dependent on environmental stimulation and 1 the case of
the gametogeme function of the ovary to be of himited
potentrahity Nevertheless, anstructive results eould be
expeeted espeerally where suceessive passages of the same
tissue from old animals to youn, ammals as cach host becontes
sentle makes 1t possible to secure a big difference between tissut
age and body age  All such expertments, however require
that the part shall be subjected to the hazardsof homograftng
I want now to discuss a recenth developed techmque wiich
permuts of esperiments where the part 15 phy stalogreally
vounger than the whole without the hazards of homograftm
from a younz ammal to a contemporancously older one

1 refer of course to the techmque of low temperntur
preservation by which tissue ean be held i a statc of sus
pended but potential viability, free from the comphaitionsy

02
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from the failure of biochemical processes to repawr
::::;)SICG‘ dissolution ' With the red cell 1t appears that
damage of sub lethal degree occurring dunng storage may
be re;:ured when the cell 1s returned to 1ts normal envxron‘:
ment Ttis possible that the general t‘heﬂs ‘set o.ut by L(‘)veloc

Al ea s

the passive dissolution due to biophysical causes

Isolated Tissues
I want to turn now to the apphication of this work to the
study of the ageing of parts in relation to the whole 1 have
LILOCY R BN -

wcreased on storage and that the cells which survive have
not apparently aged Details of techmque and data for
tisste frozen for up to one year were given at a previous
s¥mposium (Smith and Parkes, 1954) By the time symilar
matenal had been frozen for two Years a number of comphea-
tions had appeared For one thing, several of the donor rats
died duning the second year For another, several known
fatlures i the maintenance of the flasks of hquid air had

oceurred, and tissue known to have warmed up had been
dncarded  As g result of these exrcumstances there was avail
ableafter apy

Provimately two years a number of old oy anecto-
mized femnles without corresponding stored ovanes as well as
stored ovaties without corresponding old animals  An expen

ment was therefore designed 1n which 1n addition totheauto-
grafting of long stored oy aries, fresh ovarian tissue from y oung
females was | mto old o d females
nto newly ovanectomized young
results of the first €xpeniment sug

togralted after storage for approai-
one of the table) did not take well

and long stored o\anncs i
fumales (Tyhle 5 The
ested that the tsstze aul

mately two yenrs (lme



164 A S DPArkrs

type of cell  On storage at the low temperature the cell may
be apparently stable, as with bull spermatozoa (Rowson
and Polge, 1953) and rit ovaran tissue (Parkes and Smuth
1958), ov the loss cauwsed by the wmtial freczing may le
mereased, as with fowl spermatozon or human red cells
according to the type of cell, the medium and the temperature
In any case, cells that survive storage have apparently not
aged  TIrozen bull spermatozoa, for instance, after thawing,
survive at normal temperatures as well as do fresh sperm

oo

a o o
o ) o

PERCENTAGE SURVIVAL
3
o

20 40 60 80 100 120
DAYS AFTER TRANSFUSION

Tio 1 Supsival after transfusion of red cells stored at —70° €

for s1x months ani at +4° C for eleven days Survnal i

normil  (Mollison Sloviter an1 Chylin Laneet 1952 2 501

By  ernussion of the Lancet )

o

and human red cclls, after long periods of stornge, have &
normal expectation of Iife in the crreulation after transfuston
(Mollison, Sloviter and Chaplin, 1952)

A sigmficant deduction 1s to be drawn from these observa
tions It may be d that biocl 1 changes ar¢
arrested at the very low temperatures employed  The
changes taking place m cells which suffer damage on storage
must therefore be physical ones occurning 1n the absenee of
the usual biochemical processes of repmir  The various factors
mvolsed m the case of the red blood cell have been mnvestt
gated m detal by Loveloch (19%54) according to whom the
damnge cansed by storage under unfavournble conditions
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anises from the falure of biochemieal processes to Tepair
tiophysteal dissolution  WWith the red cell it appesrs that
damage of sub lethal degree occurnng durng storsge may
e repared wWhen the cell 1s returned to s normal environ
ment Tt 15 possible that the general thesis set out by Loveloch
35 of more general applicatulity to the exhaustion and Tepaw
of cells 1t mught perhaps be possible to regard ageing as the
result of mereasing fmlure to repair by actise brosynthests
the passise dissolution due to biophysical causes

Isolated Tissues
{ want 1o tumn now to the appheation of this work to the
study of the ageing of parts 1n relation to the whole 1 have
already indicated that Gvanan tissue of rats can be preserved
for long penods sn hiquid air at —190° € that there 15 some
15 of cells on freezing and thawing but that the loss 1s not
wcreased on storage and that the cells which survise have
not apparently aged  Details of techmque and data for
tisstie frozen for up to ane year were guen st a previous
&imposium (Smith snd Parkes 1954) By the ume similar
aterial bad been frozen for two years a humber of comphea
tions had appeared For one thing several of the donor rats
ded during the second year Yor another several known
fattures 1n the maintenance of the flasks of hqud air had
occeurred and tissue hnown to have warmed up had Leen
discarded 45 a result of these airoumstances there Was ava]
atle after approximately two years a number of old oyaneetn-
Mized Fame
storec
ment
et
femn
i w v oalis I hewly ovanectomized
Young
';(""“:‘l‘n('f;“t‘l:‘c l‘)ls“;l;hz- l':l‘su\L;‘ of the first experiment sug
tately tno yemrs o :\; ::m‘ ed after storage for approx
of the table) did not take well
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Lhe sccond experiment (e two of the table) scemed con
clusine on the pomnt  The homografting of long stored
ovaries mto newly ovanectomized young females (Ime three
of the table) and the rectproctl expermment of homograftn,
fresh tissue from young females mto the old ovanectomized

Table I
Grurne or Long [rozr ¥ OvariaN Tisstr INTO Omeisat DD vor ax
1oung OsARIECTOMIZED 1Y MALES AND o1 Imest Ovantan T o1 e v
YOUNG I EMATLS INTo Love O%aniccToMiZED OLp 1 FMALES
(Donors all youne females appron 100 g B We)

teae
Tme 2 report ratl g, adof | g
\ s} aa Recpet fd nal ;",',,,' o enata | T
s e qatl de ety JhEl after wl
Jroe v arecton ¢ at e N et nrll 21 e
oo rraft [T ta )
iy
Pt doarf g7 LD ks appex 5 iR 3 18]
L s fer
o rect
vitgeno| o n i | 3
o fter
o 1t
sl wrles 7)1y L + 3 b 13 'lL
4o onr fu | Er O fe 1w 1] ] 5 L
e fap ¢t
o after
o adeto v
Ho g ft] kre  IDEretso g o10
feontrol) | tss e fe les

females (Ine four of the table) showed clearly that the Jong
ctored tissue not the old females was at fault It must be
assumed therefore  that there had been an undeteeted
breakdown 1n mamtenince of the liqud arwe flasks or that
the tissue had detenorated spontancously during its sceond
yenr of storige It has not yct been possible to distmgmsh
between these alternatives

Isolated Organs
In some wvs the possibility of Jong term presery wtion of
solited organs 15 of even greater mterest than that of cells
or tissties  An npproach has becn made to ths problem by
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woth on the 1solated uterus of the gumnea pig, sUTVit al after
freezimg in various media for various times being assessed by
its spontaneous contractions and 1fs TesponsIveness to hsta

mmne Conditions for complete survival have not yet been
determined, but a considerable degrec of reactnation s
compatible with freezing by present methods, and _the
damage 1s not incrensed by storage (Parhes and Smth, 195%)

Tt 15 Ithely that present methods with the 1s0lated uterus can
be much improsed and appled to other organs, so that a

s 5 25 ¢ @5 1o 25§

Fic 5 Contractility of wolated uterus of gunea pig after

oruge for three months at —79°C o 20 per cent glycerol

Runger wes 1ndicate pz of hustacune added to” bath
Contractility 15 subnormal but stll v1gorous

medt extension of expenments Involsmg vanation i the
e of the part i relation ta the age of the whale can be
ensisagred
The Whole Body

The worh outhned above maturally turned our attention
to the problem of cooking the whole animal to such an extent
@ W arrest all vitad processes and confer upon 1t, 1n a state
of suspended antmation, the hind of comparatie wmmortality
which can now be effected with bull spermatozoa and other
eclls appropriately frozen and m untamed at —79°C

S0y such projeet olinioushy presentad enormous difficulties,
pertientads wmovwew of the diferent reqqurements for sale
freermg of Gfferent types of ecll and of the overnding neces
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sity for & compiratively lugh concentration of glycerol or
other neutral solute for the freezing of ndividual cells and
tissues  An approach to the problem has, however, been
made possible by the work of Andjus (1951) who evoled a
method by wluch rats eould be cooled to decp body tempert
tures approaching 0° C and revned agun after cessation
of heart beat and respiration for one or two hours (Andjus
and Smith, 1954) Appleation of this techmque to hamsters
chosen because of their known adaptabiity to body tem
peratures m the range between 2 5° C and  85°C, enabled
work to be concentrated on the effects of reducing body
temperature Lelow zero (Smuth Loyclock and Parkes 1054)
Nntriguing results were obtamed  As the decp body tempert
ture gocs below zcro one or other of two tlngs happens
{a) Some hanmisters start to frecze penipherally and the deep
body temperature stalulises at about —0 6°C when the
surrounding bath 1s held at —5°C to —7°C  Crystallsation
of body water proceeds slowly but steadily and the extremt
ties and superficial tissucs become hard frozen Complete
recoveries have so far been effected after periods of freezind
up to one hour, by which time 1t can be ealeulated from the
rate of heat loss that not less than 15 per cent of the body
water has crystallized  (b) Other hamsters start to super cool
as the deep body temperature goes below zero, and the tem
perature falls steadily until it appronches that of the bath
Deep body temperatures as low as —_5°C without crystalliza
tion hay ¢ been recorded, and such animals can be resusaitated
completely More often crystallization takes place suddenly
from the super cooled state, accompamied by an abrupt ris¢ of
temperature to about —0 6°C  Crystalsation ariing m
tlus manner appears to be diffuse throughout the Lody and
1s more damagng than that ansing peripherally from graduil
freezing

These experiments though hithly intrgumg touch m
the fringe of tlus subject, and 1t must he cmplnsm‘d that
there 1s no inmediate prospect of retammng vinbility 10 whole
ammals frozen to very low temperatures

crch



PgesereaTioN OF TIsSUE 1h Litro 169

Conclusion
The work on the preservation of cells, tissues and organs
at low temperatures offers diat bilities of work

€ !
on the comparative ageing of diiferent parts of the body :IE
opens up the ulbimate possibility d P

anmation of the whole body for wdefimte periods, 1e the
defeat of ageing as 1t 15 now understood  Whether thus latter
prospect comes withm the realms of gerontalogy, or whetherst
1 inatself desieable, 1 do not know It seems, howeser, that
the wdea of biostasts of the whole body, macabre at first sight,
holds notlung new in prmeiple, being woven into the fabrncl
of countless human behefs, legends, and stores, from the

Tesurtection of the dead to the awakening of the Sleeping
Beauty
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tdicmar Parkes and hrohin between them luve
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all the technlques one might. W 1o ranstruct “age cl\\)\?ﬂm".“!’)\;;ul\s
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ammals with tissues of diff ages lor * sake, I think
one should add paribiosts, which Prof McCay ﬁ\cnlloncd vesterdiy

I'd Iike to shiow you a concrete exwmple of the use of what hrohn

des(;nbcd‘_ns “delaved autograftmg™.  illingham and I hwe been

. L TUe = purpose The puneple of

the removal of tissue from

. . ) **  to the same ammal when
. . + red on the chest wall of 3
s four grafts on 1, which

hase been i position for exght dyys  As vou sce, two of the grftsare
pale, and two of them are rather blwch The two darher grafts were
remoyed immedintely the animal was born and stored at the tempert
ture of dry ice after sonking 1n glycerol Ringer The two whter grifts
were removed only one day before the grafting operation They were
sothed m glycerol Ringer, frozen to the temperature of dny e fr
twenty -four hours, and then thawed out agan  The four grafts were
then trinsplanted simultancously  One ean see from the pretur that
the four grafts have survived and are surrounded by about the same
mnmm't of new epithelnl outgronth (Outside the rw arey are two
¢ fitted” grafts, one young and the other of the sume age os the hot
these have healed perfectly but are not. of course, surrounded by eut
growth) Billmghum and T started quite o number of expenments of
this type, but we are now runming to o difliculty which Parhes lus
called ¢ . . . nrat et nenod
whieh .

hundre . . . 1
expern - . . f
young \
degree of detenioration on storage at all At seven Tumndred dns and
still more so 1n a very recent expeniment with grafuing new born shin

. .
tial promsse, I am afruid we may be severely handeapped by the 1t
that one does, s Parkes his pornted out, get progressive deteroration
on stornge

Parles I think what s wanted 1s some more work  We have to deil
with one problem after another as it eomes up  our yers ago we
couldn t prescrve any of the cells in which we were nterested £ar ny
worth while Jensth of time Gradually the conditions requercd for cat h
Aulterent hind of cell or tissue, conditions which may be totally different
have been worked out  Unless vout have alrendy fried o Inrge rngt ol
medin and temperaturcs and methods of freezing amd thawing, it
premature to say that the shin won t List at a Jow temperature

Weda car You think that for each tissue 1t will he posible to find »
medum i wiich biophysical deterioration on storge wont o ur)
Are you prep ird to go on record ns s1ying that?

Parkes I'm prepared to go on record as saying tnt Thne no doubt
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Ipatonie media to reduce the residual salt efféet, has o enabled the
Joss 10 he reduced to 1 per cent otera year or more.

Cords Vnsoa 1abtioto
“ .

fait A o

Lerzdr { think vou can get mformation on that point from the food
industry 16 one <totes fish, say hornng st —20° they are edible 1 one
Mores them 80 or 5o thy become medible ‘The consersation of
Pf\;'(-m\ ~ettns ta depend on the tomperature at winch one stoves

foe 1 a1 e aoa

s of Loume Uiere s 00 Teason Lo suppose the oﬂ:pnh“
mmhh\l e nurmal Tens of thousands of ealves hive now

w . .
Vnlrrer \es

< amfart If one Gl 16 wory, way)
il Partberagenean would et s s or ol Lol whetles
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Coudry What land of plysieal changes continue tn these tissues
Dr Parhes?

Parles Analyses of the medi, in the cose of llu-. ted oells, sugment
that there has been loss of hmds and hineare But
for detmls P'm afrmd Ih - - - .

Coudry It scemstor - ) . place
would almost necessarily -

Parkes Well, chemea LA . '
- . .

‘ HE IO . .
. o Lsial

l\ralm Thnt 1s an old subjcct which has been reviewed agiin and
ogain My personal view 1s that the organism 1s endowed with so mny
ova and does not go on making fresh oocytes I do not think any ofthe
experiments which purport to dcmomtmh- neaaenae e of =
showine — ¢ *
are at b . .
explang - -
epthel - . :
that the v . .
I the gern . .
it must inc u

Anotherim  + " lovmma gof
o . . . '
5 .
N 4 ¥ bueve wtnat any snch rvplcnislunent pmb'\bl)
docs not hnppcn, ond lhnt thcm 15 this ranstant
ave=thr -
‘ . .

ov . . .t B Lo

wo

Krohn Certmnly That 1s a point, the importance of which I hope §
mude clear n my pnpcr

Parkes 1+ ’ .
picee) whicl . - - - ..
Karl Iearso . - '



RESEARCH AREAS IN GERONTOLOGY
NUTRITION THAT ARE NOW NEGLECTED

C. M. McCay, o
Department of Mutntion, Cornell Umeernty, Hhaca, N.Y.

THE subject chosen for discussion today reealls an expen-
ence of ten years ago  Our commumty 1n rural New York
State serves as host each summer to more than b hundsed
children from the stums of New York Gy, For five yenrs,
wehad as our guests a stary ed, bachward boy and tus younger
sster . When this boy was about twehe years old, 1 dis-
covered he could not tell time nor read well. 1 started him
reading a story book and suggested that dunng the afternoon
he should underline ey ery word he did not understand so
that I could explam the words on the following mormng.
Much to my surprise, the next morning 1 found that with the
€xesption of “the™, “3™, and *1s™ all words had been carefully
underlined

After Inbouring since 1927
relite the food caten to con
during the Tatter half of the |

In this area that attempts to
ditions observed 1n the body
ife span, 1t has bheeome elenrer
€ack year that mast of the words in this field must be under.

hined as unknown Perhaps, thus 1s merely the ever growing
pessimusm of an agemng person

In conudering research areas for profitable study 1n relating
nutrition to agemng it may be worth considening first the
Species of animal Ife that can be studied most profitably and
sccondly the diseiphines of a scientist that seem most smted
for the attac),,

Unfortunately, th,
oo hlﬂchemxst)g, 05e of us who were transformed pamnfully

" - -
channely of c)“m‘"-ls prior to World \War 1 through the
Vere left wth

physics and mathematics
es1f not contempt for suely

teat chemstry,
hstantial prejudicy

17



172 GLNCRAL DiscusstoN

Coedry* What hind of physicnl changes continue in these tisues,
Dr Parkes?

Parhes Analyses of the medua, in the case of the red eclls, sumst
1t there has been Joss of kpids and hipoprotems from the cell  But
for detmls I'm afraid I have to refer you to Dr Lovelock

Coredry 1t scems to me that any hiophysieal change taking plice
would almost necessanily be followed by a chemseal change

Parkes Well, chenuenl change must take place very slowly ma
medmm winch js completely frozen up.

Coudry Dr Xrohn, have’youany specinl ideas about the salue of the
two views concerning oy ogenesis?

Krohn That is an old subject, which has been reviewed agun and

N . . .
epithelum 1s masimal sround the time of ovulation, It i3 at this tinte
that the volume of the ovary and therefore sts surfice area is greatests
If the germinal ¢pithelium fs to act ns an eprthelium and coser the ovars,
it must mereasc in extent and its component cells will have to dnide
Another important pomt to emphasize 1s that whenever the total nun
ber of oocy tes i the ovares of any spectes lias been munlcd: lhc.!!‘:l:";‘

y

fene 3ot Vasnan nnd #1ab #]am 1g #1 {e panctant nenrine avm of LIC
. ‘ . . .
L . . ' - .« hythe
- .. . soung
wonman i I
Krohn Certminly That 1s n point, the Importance of which T hope
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In gerontology thus anglogous thimhing 1 relation lr}
nttntion mas ndieate that much ean be le wned l\l\ use ol
stgle eclled ongamems or very comploy smneets but thiat
generlizations must hive some anchor i m (ypuminty
with man lamsdlf

Bactenologusts apprecinte that cultures  grow old hut
imited studies such as those of Otto Rahn {1951) ndicste
that the process 1s fullh as complierted and confusng as
appears the agemg of lugher vertebrates  The use of mneets
stemns to have promuse not only beeawse of the vadt numbers
with shuch ane e1n work cheaply bhut also many speeies pass
through their We ¢y cle during bricf penods of days or weths
o fus discussion of lon.evity m the ammal hingdom
Yetchnrholf {19085) rioted  Between these (xtremes of fong
d short W there 15 found Amongst nsects almost every
radation of Jongevity

{Gine need not review the world of fish and Jowcr vertebrates
1o apprecate the value of studying any of the numerous
chardates, some of nluch have a rputation true or false for
great longenity

Oue ean certamly conclude thit no W will be wasted of
devated to the study of a_eing matarnil of any form whether
1t be the seeds of plants or man el

To the student of ageing moulds or rotifers the speenmhst
devoting hus hfe to the study of man lunself may quote
Gorthe with genmne truth  VWir schen uns w wder wait gar
b son Jer —gerontofogsts will ultimatels moct upon
trmman grounds
u:o‘:'r ‘:‘e remainder of this diseussion 1t may be well to diw
nm‘ \‘;]E\‘ g‘bh'; expertences of twenty seven years in order to
and that “"ﬂ s that might have been cultinated profitably
yenod vur la‘}i reglected  For a substntial fraction of thes
ammals for ns“m‘;") used three widely different classes of
Several anscet :"’:: i “S":‘ growth and agewngy  These meluded
the seaall em\‘:mw; ;I most of the research was done upon
studies were 1, - atella germamica  For fifteen vears

progress at different times upon speeies of
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fields as physiology, bacteriology, zaalngy, and cntomology
Only during the last quirter of a century even m the field of
nutrition h s this elimate of attitude chnged

Respeet for comparative biochemistiy and nutntion fint
came from agticultural science i winch nmien were aceustomed
to thwkg of the common speeies of domestie antmab
Since the early mncteenth century and the gelatin evpen
ments of Magendie the science of nutrition from medicnl
schools has rested heavily upon the dog and to a lesser extent
upon the mouse, rabbit and rat, towards the close of the
nmeteenth century.

However, only dunng the past thuty years has the bro
chemist who works upon bacteria become respectable and
the one who devotes lis love to msects or to any ecept 8
selected few of accepted vertebrates 1s o subject for humour
and contempt 1f not suspicton I have never forgotten the
peeuliar expressions ou the faces of ny friends on both sdes
of the Atlantic when they used to come to wtch ne weighng
my cochroaches, or my trout in the fish hatchery  Inslthine
now become aceepted fodder for the mill of the nutritionists
but mnseets are still not taken sertously as a form of hfe whose
Inochemustry or gerontology may be warthy of study

If one mdulges i some retrospeet m regard to the discovery
and 1solation of the vitamms, one must wonder how much
more rapid might have been the progress if biochennsts
had neslected their mice and rats and gven all therr desotion
to mucto orgamsms and msects (McC v 1933)  In the eise
of the water soluble vitamuns substantial progress would
have been assurcd, but for the fat soluble vitamuns ther
mizht have heen little progrese Nowsect has been dise overad
thus far that nceds erther vitanmn A or D, altheugh there
may be many msects that necd these factors and have neser
been studied I man had rested his nutritronal sewniee upon
mseets we wauld probably be reading w the madern worhs
about human nutntion that each of us shoukl consume so
many grams of eliolesterol datly heeause this docs seem to be

an essentral for mseets
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becawse goldfish have longs boen pets, arc easily eared for
and cheaply ted upon dry feed rantures  Qute the contrany
s true fot the sanovs trout spectes With which we Taboured
fot 50 many vears  They require spuewl watker conditians
e dists and are somewint diffieult to culture
Turtles, whose hearts we hve sl adreed anee our
entlest study of physiology , ate deserving of the most intense
study I spite of our admiration for thew tongh herts
Uttle 15 hnown gbout the biochemustry nvolved  Turtles e
be hatched and reated n confinement  Two deeades ago m
astudy that was never published, my nssomate 3 B Sumner
and Linjected erystathine urease 1nto the jugwlar of « snappmg
turtle  Mamy times the amount was used that would fall
engther spectes such as a rabbit but no level was found that
evett snnoyed the turtle  Later, we found the blood of the
;‘ﬁﬁ:ﬂu{ be naturally quite rich 1n ammoma  Turtles, un
Y, hnow biochenucal seercts abomt ngeng that
fmght be useful to man i
t&“e‘fgyy domesticated nrds such as pigeons  chuckens,
P mg,f?s; and ducks offer specinl opportunitics  Long
foat 'y of any of these species wonld » nin Wy,

cdly Yead
t and facts
¥ wshandry

v seration of the span of fe and old age disens:
)m:; attention has ever been g?wn to any (:f ths::{:}‘(‘fﬁt B
u cn::ledl;‘“;t b?d. over a quarter of n century, we behevef
o tudy :h oretold the progress that was 16 be made
oot T e genatics af the mouse that we would hise
o ot dspmes in prefereuce to the albno it One of
e S:nsomtmuonx of the fife span of a rodent was
Tkenn ‘ue t} of mice by Raberison and Ray {1920)
o e ’,J impottant absecvation that tumours could
N of%} hrleh 2 partly starved mice was made by &
oy thousamd early i this century (Moreschy 1909}
m‘mﬁ‘mg s of mice are wasted each year in genetie
untl eary mndd}uw the breeding animals are usually onlykept
— e age The great dwadyntages of muce from
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trout, with hnuted research upon carp and northern prhe
Durmg the whole of the past quarter of a century, the nlute
rat has been subject to cantinuous study

Lach of these three clisses whieh we uwsed responded
sumdarly to the most unportant factor that we hwe eter
discovered m extending the span of hife  Eack ¢ be mam
tamed for long periods upon diets ndequate m quahty hut
madequate m amount  After long penods of retarded grouth
each can respond to mereased food allowance with resumption
of growth  Tins means that these growth relationships which
are hnown te have a greater influence than any other upon
the tatal span of hife and the ternunal, chrome dneases of
the Inboratory rat are subject to study using esther mseeh
or fish Part of the seerets of agemng may certamby be un
ravelled by the use of these Jower species which ean often be
studied sn Jarger numbers and at much Jess cost than white
rats

Furthermore, cvidence 55 slowly accumulating m three
diflerent nations that the slow growth of dawy cabes 1
reflected 1 superior hfc tune performance of the mature
ammals  This extends the work relating gronth and agem?
still further beewse it wyalves a rumunant that has superh
wnthetie powers i providing its own needs for water soluble
aafamins and esseatind amino acids

The use of mscets by the brochennst offers unique oppor
tumties beeause the cost of such research ts madest Such
studies would seem to he especially worth winle for seientists
who have retired upon modest penstons but retam their
faculties for study and rescarch  Iins would scem to ben
natural gerontologieal research opportumty for practismg
perontologists because such study makes modest requirements
for space and equipment  The chief hurdle might be the wife
aof the sesearcher who would probably not appreciate making
pets out of pests

Among lower vertebirates, three promising arens have been
almost entirely negleeted  Some speetes af fish such 8§ those
of the earp fanuly afford especially unique opportunitics
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when the it 15 o young adult about siv months old, Mot
attempts to heep rats free from this disease by montenny
food, spraymg the air with antieptics, having people wear
masks n the rat room and the feeding of antibioties have
fafed  The fredimg, of antibiotics does not even protect the
teeth of the rats from decay. Some success has been elamed
agmnst this lung disease 1f young are transferred to hicalthy
mothers at the tune of bith but no eudence has been pro-
vided that such mts can escape the disease dunng the Iatter
balf which 1s the second year of hife {Nelson, 1933).

Rats retarded 10 growth shen fed small nmounts of high
quality diets delay the onset of this disease until control
antrals hav e died with 1t under conditions that are commonly
termed old age for rats, Tins has made one pathologst
suzgest that only those who have studied rats subjected to
retarded growth have ever scen rats with normal spans of
Ufe. This moght suggest that all experiments that have not
meohed growth retardation have merely dealt with fore-
shortened life-span

Thas wévoduces the problem of misleading titles of articles
e iply the

Thus,

nay die

!‘II:;MLUM} lhe anthor may give tins artiele the title of

the 7gthening of fife by vitamin A” whereas he really means

Premature death of ammals deprived of tins witanun,
Statements bas,

N ed upon such titles lead to erroncous con-
dusions i the hterature

“pr;“sewnd souree of weakness i a science of old age based
m‘nmrels\ea:th \\B$ white rats 15 what Sir Thomas Browne
g ave ea a "

compae gy led 2 \"u]gcn- error”,  Some laboratories

of whute ratg

E‘l\\ 0 16 path

the s

rqmrlt:iv dComenhonal statistical testing of the means 1s

studies r:“ the basic data are never published, Since such
PUre at least three years of time and cost much

seLUWM UL utlived 1rom
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the pomnt of view of the hiochenust and nutritionst 1s Uit
they arc very subject to epudenue discases and difficult to
use mn any type of chemieal balance work sinee they hwve the
habit of scattering feed badly

Mice have the same advantage as rats and hamsters
passing from irth to old nge within a period of about two
years In recent years the studies of M Visseher and assoct
ates (unpublished) have indicated that mrce are very senstline
masmuch as small modificitions of dict scem to chwge
marhedly the ternunal diseases of old age

White rats have served the nutrition Inboratores for at oud
seventy five years  Ilence, their nutritional requirements
are better defined than most of those of the comumon specics
In spte of the long use of rats their gencties has been httle
studicd  Some breedmy studies have mdicated that strans
can be selected which differ very much in effreienes of feed
comverston during growth  Some struns arc alo much mon
subject to tooth deeav than others  But compired to niee
the rat 1s an unhnown m genetics

The assets of a rat m terms of a two year spin of hic and
case of feediny for chenueal balance studies have rcidy
been indteated T urthermore modest | nowled, ¢ has accumu
lated 1n regard to the pathology of ths species i old n

Smce the white rat has becn used more than any othar
speeses for Iife span studies st may he well to serutmze the
weaknesses 11 sueh research s has become more import it
mn modern tines beeause publie mtcrest has stunulated the
writing of an ever growin volume of Iitcrture based upon
a meagre background of experimental scince QOpportunists
among writers have sansed casy prohits from such wnhing
due to the large number of older people and the mcreased
interest by most of them in thar own wdl bamt Such
pcpulnr“ntcn nerther destre nor e able to cvaluate ertieathy
much of the meagre evidence from rescarch Iaboratones

1he greatest weakness of the wlute rat as gt ages ts Hi
development of the chronic resprrators discase commonhy
called “bronchicetasss™  This ean usually be detected easthy
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when the Tt 1> & \oung adult about s months old. Most
attempts to Leep rats frec from thi theease by monstening
food, sprayimg the s with antesepties, hwng people wear
mashs 1n the rat room and the feedmg of antibioties have
favled The feechng of antibioties does not even protect the
teeth of the rats from decay. Some suecess has been clumed
against thns Tung disease 3f young are transferred to healthy
mothers at the time of birth but no evidence has been pro-
wided that such Tats can escape the divease dunng the Iatter
half which 15 the second year of hfe (Nelson, 1953).

Tats retarded n growth when fed small amounts of hagh
quahty diets delay the onset of this disease untl control
ammals hat e died with 1t under conditions that are commonly
termed old age for rats  This has made one pathalomst
suggest that only those who have studied rats subjeeted to
retarded growth have ever seen rats with normal spans of
ke This might suggest that all experiments that hnve not
"lml_‘ed growth retardation have mercly dealt with fore-

arbicles

iply the

Thus,

ay die

iy 1he author may gne this article the ttle of
e en:ng of hfe by vitamin A” whereas he reslly means
Smtp emature death of ammals depnited of thus \utarms,
ements based upon such titles lead to erroneous con-
clusions 1 the terature

plenaturely

“P.:“seree::d s)ource of weakniess 1 a science of old age based
o arch With white rats 1s what Sir Thomas Browne
cor;\ heve ealled a “vulgar error”
o wl;::z dlett :} el;lth diet B in regard to the mean span of hfe
e [’;tiz ; upon these diets  Often little attention 15
the stoy CO 02y or other dats that could be denved from
reportedand :!‘:nenhonal statistical testing of the means s
o ¢ bane data are never published  Since such

Tequire at least three dears of time and cost much

Some labaratories
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the pomt of view of the hiochemst and nutrtiomst v that
they are very subject to epademic diserses and diflicult 1)
use m any type of chencal balance work since they have the
habit of scattering feed badly

Mice have the same advantage as rats and hamsten
passing from birth to old age within a period of about twe
years In recent vears the studies of M Visscher and assor
ates (unpubhshed) hay e indieated that nmce are very senutnne
masmuch as small modifications of dict scem to chwnte
marhedly the termmal diseases of old nge

White rats have served the nutrtion laboratories for about
seventy five years Hence, therr nutritional requirements
are better defined than most of those of the common specics
In spite of the long use of rats their geneties has been hitle
studied  Some breeding studies have mdieated that strum
can be sclected which differ very much m efliciency of fred
conversion during growth  Some strums are also much mon
subject to tooth decav than others  But, compardd to miue
the rat 1s an unknown in geneties

The assets of a rat i tcrms of o two vear span of It amd
ease of feeding for chemieal bilance studies have already
been indiented  Turthermore modest knowledge his iecumtt
lated m regard to the pathology of this speeies in old age

Since the wlite rat has been nsed more than any other
spectes for Iife span studies 1t may be well to scrutimze the
wenhnesses 1 such rescarch 1 has beeome more import it
m modern times beeause public intcrest has stunulated the
wnting of an ever growing volume of hiteriture hisd upon
a meagre bachground of expenmental <cince Opporlum\h
among writers have sensed easy profits from such wniing
due to the large number of older people and the mereased
mterest by most of them i therr own well bang Such
popu]nr“ntcrs perther destre por are able to cvaluate entieally
much of the meagre evadence from rescarch Inboratones

The greatest weakness of the white rat as 1t azes 1 the
development of the chrome rospreatory discase commoniy
called “broneliectasts”  This ean usually be detected ey
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dcterrne 1f the vouny born late n the life of a mother
mght produce young with a Jonzer potential hife o results
have come from thus study after several years Lut o few rat
mothers have reproduced when past the age of two years

If one turns from the rat to cxamune some of the other
commen laboratory amimals such as the Svnan hamster the
rablut and the guinea pig one finds that these have some
assets but probably less use than the rat  The hamster w ould
seem the best since 1t grows old at about the same rate as the
white rat  Two studies with thus species have indieated that
they have a mean hife span of about three months loner
than the white rat  Furthermore the male scems to Iine
longer than the female of this speeies although this may have
been some aceident 1n relation to the stress of the female of
thus spectes when st has young (McCay, 1939)

The rabbit has not been used for the study of agemng
because of 1ts long span of hife and poorly defined nutntion
The hatnt of the rabbit 1n eating 1ts might cxercta mahes 1t
difficult to study i the nutntion laboratorv since ammals
must be esther collared or the comphieations from the ingestion
of products created i the mtestine be faced  Long ago,
;I:éf;‘t““;“" ';‘“:‘L’“Cd the large mtestine and consudered 1t a
Y ‘)I'ml; Ile : 100 to hfe span When the waves of science
rabbit l;mcr:lst towards the large intestine agam the
Mutnents )“'nhm ltch:;mmal of c:luncc since 1t hoth ereates
absorption from it organ and carries on 4 substantial
!P:l::‘;:“\leren:gb‘\t and the gwnea pig have rather too long
Droblenss of o nterest those who must hurry to solve the

old age Furthermore both of these species ar
subject to emdemic diseases W T °
marher substances su es 1th the potential use of newer
these speces ma ch as chromie oxide and titamum oxide
\ntestinal absorpt)"o I’KD\TCl especally valuable 1n studies of
mantams a mach n . he rabbit seems unique because 1t
do other species s ‘I‘Zc‘]t‘a ert:mdxty dunng gastne digestion than
adapt 1tself to 5 md:s e dog, and because the rabbit can
T range of foodstuffs than even the rat
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money they are scldom repeated  Our own expenence has
mude us very dubnous about the adequacy of conclusions
brsed upon a single study even when these are certified by
the statistieian Ty 15 the reason we repeated our study of
retarded growth three times m the course of about fifteen
years

In spite of these weaknesses of the rat for research upon
old 1ge 1t has great menit  The female of thus speeies outhves
the male as she does m the case of man so ths great base
problem of so much iterest to the sociologist and economist
15 subjeet to study using the wiite rat  The great problem of
extenston of life span by the retardation of growth is casily
studied with the rat Only o beginmng has been made
determining why growth retardation should affect chrome
dsserses and even the development of malignant growth
Unfortunately, in the whole ficld of cancer research no one
s discovered a closer relationstup between nutntion and
mahgnaney than tiis rather dircet one tn which partil
fasting ilubits the onset or growth of a tumour Either mice
or rits arc useful 1n thns area of investigation (Visscher ef al,
1012)

In some respects white rats afford rather umque oppor
tumties  They lond themselves readily to parabiotic umons
m whieh two individuals resemble externally Sumese twins
and share 1 common many substances exchanged through
the humoral flutds such as potassium 1odide, lactose, strych
nine, methylene blue thyrovine nsulin and sex hormones
sinee httle 15 known about the agemng of such pairs of ammals
ar even the span of hfe we preparcd a couple of patrs tn the
wummer of 1053 and they have survived about a year No
one has reported such operations to umite young and old

Rats have been extensively used i psychology research
but very little has been done mn relation to age  Tihewise, 1
Jtudymg the effect of age of the mother upon the quabity of
progeny, the rat affords umque possibilities  In our own
luboratory, after observing some years ago that the long
hived rats eame from a fow mothers, o study was made to
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themselves  Among the 13,000,000 older people n the
United States, only a neghgible fraction are contnbuting to
studies of their own welfare  There are a few bnght spots of
old age research such as the Baltimore City Hospital and
Nathan Shoek’s group or the Moose Lodge 1n Orange Dark,
Flonda

Under the New York Department of Mental Hymene are
more than 30,000 older people bemng given httle more than
custodial care  One attempt was made ses eral yeats ago to
assemble 900 of the undisturbed older patients in one hospatal
t0 sere as a research centre, but this had to end when the
bospital was taken over by the aur foree and the commissioner
%50 had such extensice viston was replaced 1n the admims-
tration

Furthermore, under departments of mental hygiene are
thousands of fechle munded pitients who are destined to
remam wards of the state for the whole of their Ly es Most of
these could very well be partieipants 1 studies of ways to
mprove thew own well being even 1 they could not appreerite
what they were domg -

An example of a crude but profitable experiment that we
dd some years ago with the spastic fecble mnded may be
sorthwhile  The commissioner at that time asked us to see
\‘h‘lnde could develop some mush type food for the spastic
chuldren because so much time was taken in feeding them the
i As T observed the feeding of these bed-

0 patients 1 came to realize they were getting a yvery
Potatons, € attendants found 1t casy to gine mashed
\egetables acgmm and earbohydrates but difficult to fecd
lnuthls s 2nd meat  The salvation from bad malnutrition

fter ‘;: ,‘:“ the daily allowance of whote mitk
wmmmm"‘c';{"iﬂd““mher of test muxes we found that one
S gt N ed potato flour, whole wheat bisewits, dry
satistactory g m? dﬂlfﬂlfa meal and salt proved very
04 easy § fooq i’n ed simple to prepare with hot water
careful study eould be made of these
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Among the Iarger speacs of domestic ammaby, the dor
the sheep and the monkey all have merit Thous nds of vers
old dogs are killed exch vear in hemnels beeause they hane
become too old for breeding purposes  Part of these an
av-ulable for research laboratories, espeeially i fields such as
nutrition where the ammals may not be mutihted  For some
years we have had a supply of such dogs gnvenus We e
aceepted any registered  purebred dog that excecded eyght
years of age  In some enses such as dogs from hennch no
conthitions are attached to the gifts  In the case of pets we
have abuded by any restrictions placed by the giver exeept
we hve reserved the right to put the dog to sleep m ease tt
was suffering from an menrable disease

Although the dog 15 one of the most diflicult species to
studv m nutaton because of such facters as cmotionl
attachments and reactions to environment, it mav prove the
most useful for old nge studies beeause 1t 1s Jarze enough to
obtamn blood samples and because of the extensne hnowledze
bult up durmg several centuries in regard to the ph) swloy
of the dog

Sheep have been nittle used n the study of agemn.y but are
avatlable in large numbers at modest prices  Old ewes when
they are sent to the staughter house to be rejuvenated wto
latab for the consumcr are worth vers httle and afford
mespensiie research matenal

Some dscussion s been given to the use of monkeys for
old age research  Lhus use wats debated in Washinzton dunng
several veirs when the eolony of monheys on the wshnd off
Pucrto Rico was bang abwmdoned by the unnersibies that
established 1t No progress was made an regnrd to ths ust of
the colony  One American university has toy ed with the wdes
of ostablslung a monhey colony withm ther physwlogy
dsvssion for old ax researeh  This would be very expensie
and would require o plan of operation under n group of
seientists that would be continnous sinee the monheys muht

outhve therr masters
The most neglected of opportuntties are found among men



NecLeeTEn AREss oF Nutrrrion REsEARCH 185

older recipients of welfare f for no other reason than that w
healthy person 15 cheaper for the commumty (0 muntam
than a sick one

Yery httle hns been or 15 beny doue i this Geld It tahes
a team of a visionary philanthropist and an mnginative
nutntiomst Co-operation with American welfare departments
would not be difficult

In concluston, 1t looks as 1f the most profitable team for
attacking the basic problems of animal g logy consists
of the nutntiorist and patholozist  In the field conecrned

with people the best team mght be the nutnitionist and the
well traned physicign
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chldren m companson with the coutrol group contiued
upon the mstitutional diet but from appearances they
scemed to develop better colour and better condition of the
harr  Recently, the dietician told us that she behieved they
are seemg fewer attacks 1n o group of cluldren fed this diet
and subject to epmleptic type of seizures  This mahes one
wonder 1f ¢ complete diet according to modern nutntional
knowledge may yield results ssmilar to those found dunng
the past y ear when a deficient infant food was supplentented
with pyridoune

In many fields we could learn how to improve human well
bemng by having those trnined in researel worh in this nranner
with the patients  Mueh of such work could be done tn part
hy time contmbuted erther by retired or actn e rescarchens

The hndrances to such programtes are lach of umder
standing of research by the public  The common impresston
cven among scientists, 1s that there 15 usually one group i &
rescarch programme that is igured  Such need not be the
case if one studies some current practice compared with 3
supplemented one

Most mental hospitals arc admmustered by psychtusts
who bave a very Jimated nterest or understanding of phy sical
research  This restricts progress m the whole field of mental
disease and 1s partly responsible for the philosophy of bulding
more and more mental hospitals mstead of spending merc
efforts m the ficld of prevention and cure  Lhe day may come
when the psychiatnist will work side by sude with other
spectalists made and outstde the mental hosptals mstead
of functionmg as now hike a semt blind feadal overlord

Another area that affords great opportumtics for rescareh
with people ts m our prisons  Tong ago, the biochempt
1 olin, called attention to our neglect of our hife term prisoners
1le felt that partieapation i a rescarch venture might add
much to the ves of many prisoners beccause it s the only way
they could contnibute something to the world around them
As far as we ore aware no progress has been made an this field

Janally, there 15 great need for contiuous studs of the
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1033) or carbohydrate or even oceastonally substances like
hematochrome {Droap, 1934). Too much food of the reserve
type, however, mav per se hmit nuclear growth and repro-
duction  The umcellular green plant Hematococcus pluvialis
forms cysts when the supply of mtrogen 1s too small to
support gronth  The cysts remain small and green exeept in
the presence of hight or acetate when they become large and
coloured due to the lation of fat and } hrome.
The fat cysts germunate much less readily than the small
green ones  Tohophrya wfusionum agamn (a suctorinn proto-
200m) can be fed exclusively on Tetrakymena gelen and can
be grown with 1t as the sale source of nutriment (Rudzinska,
1933) Tohophrya differs from most protozoa n that cach
cell has a hmmted enem -16 1 -t o '

by the level of n -
ofl small motile

equal sze and

1s moderate anc

Phrye for ther energy expenditure,
growth, and cell dision,
numbers of Tetrahymena ar
oxidisable food outstrips,
owth and energy expen
down arge amounts of st

cytoplasmie and nuclear
all goes well, If, however, the
e unlimited the supply of readily
he requirements of Tokophrya for
diture and the cells begin to lay
orage material  After a time they
cease to reproduce m the normal way, turn mnte gaant cells
E\d die before ther normal life-span has been completed.
Uy {1953} bas found that the formation of glants can be
g’i:d“’:ed by adding & muxture of guanylie, adenylic, and
m‘mg‘ ;lc acds and of uracl (in other words of nuelear
SUQlOHA[j) whihc medium and 1t would appear that the
obtan e;: » llch has no controf over 1ts appetite, cannot
enable “O;Igl nuclear material from its standard diet to
Folhe, 1953) ?:\thes:lz‘e protemns and enzymes (Gale and
n _}l:e o taptasm, rapudly as it ean build up reserye matenals
l\\xc\‘:‘;:‘ when unieellular organisms become overnourished,

growtk and division may slow down. This will per se
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Tur plane of nutrition has a profound effect on growth
reproduction and the expectation of hfc  Tlis 1s true not only
of complex organisms but also of protozoa 1t my be true of
all cells

Actrvey growing rits pres and other anmmals have somt
mnate mechanism which adjusts therr ntake of food and
conscquenth of ealories to thewr expenditure of energy 16
the dict at this level of intake does not contam ctiouZh
protem to satisfy therr full demands for growth the animals
do not grow at the maximum rate of which they are eapable—
but they do not get fat  In an orzunsm however without
this control oser its “ appetite  anything winch lumts growth
without mterfering with the eiloric intake de wds to an accumn
lation of storage materal ultimntely n great excess  Ihe
protosor Tetralymena for example ean be grown ma ssnthetic
medium, and wath Dr Hamilton s help we hase suceet ded 1
producing gant cells full of fat by givimg a diet which pro
vided plenty of ealories but not enough protem to satisfy the
caphaty for protoplasmic growth and «ll multipheation
(McCance, 1953)  We have also produccd gants on the
normal—full protemn—dicts by stoppiny the multiphcation
of the orgamsms with mtrozen mustard  One can play o
ammlar trick on umeellular green plants and mahe them very
obese by pm\ulm,: them with the fealitis for photossn
thests or for laving down roscrve materials but no souree
of mtrogen and norgame salts  The maten W storad s
more ianable w the green plants and may be fat (FPoig

1868
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1t has been reported that undernutnition in some of the fiat
soms leads both to a reduction 1 size and weight and slvo
to the reappearance of smmature features—in other words to
tejusenation  ‘There 1 ho evidence that undernutntion ean
doanything like this to the lugher ammals but 1t certamly can
so delay the metabolie processes that by st the normal hic
span of an amimal can be greatly prolonged A start has been
made (Brody, 1945, McCay, 1952, Mammond, 1952) but
there 18 stil} 4 great deal of interesting work to be done on
this subjeet There 15 a5 yet no mdication that any of the
bugher amimals ean be made 1mmortal 1n the sense that many
protozon may be so regarded  Specialization and mtegration
have been the cause of this ‘mortality” but once a cel), even
of a hughly speciatized orgamsm, has been removed from ats
suroundings and 1solated i tissue culture the system may
become mmortal and heart musele may be hept alive and
beatmy indefimtely provided the cells are able to grow and
feproduce themselves

Fundernutrition can so delay the metabolie processes that
tean pralong the whole hfe span of an amimal, oy ernutrition
can certanly do the reverse It may not be easy to aver
nGursh & normal ammal dunng growth if the ideal food for
fg’““‘  provided for 1t, and aur g pig 15 2 good example of
(S)BJ:)I‘&;(\ the ffiteso(;] the mouse .\\luch has been overnounshed
thalomy s’i :ﬂbced erberg, 19.742 ot of the rat whose hypo
1 8 proof of cr ! punctured (Kennedy, 1950, 1051, Y952)
du,wp;)"b of what may happen provided something can be
food oty {:a:; d{o\\(rlx the mechantsm which normally adjusts
138 orereqten (30 Fequirements, and the obese chuld who
55 the hmgan e bsychological Teasons may be considered
et counterpart of these ammale (¥nea an amone. —

Hease auaudl tie effect
"I;ccmmn of T tects of over eating on the
£ 13 clear noy tyy o
3t “efficieney ™
being 1, the nght plan o

at aff ages depends upan
¢ of natntio & "

n In nature the time for
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accentuate the overnutrition and the cells mw become very
large, nuclear grow th and division then cese and the cells dic
The higher orgamsms differ from the protozot n that thes

+ all have some mnate mechamsm of control which adjusts
therr food ntake to therr requirements  In them as m
Tokophrya but not in most protozoa, growth 15 hmited and

360
'
320 ‘/ Well nourished
260 /./
260 ¥
8 /
200
z 7
£ 1001 ‘/
1204 l/
s
¥
80 N
r'/ emaems—s=* Undernourished
401 et
o T T T T T
O 4 8 12 16 20 24 28
5 weeks old weeks of experment

Fiu 1  Growth of two gigs one well noursleld the oller
undernoursf ed

hfe 1s imited, but both can be modified by nutrtion Iig 1
shows the growth curve of two pigs, littermates one had been
fed on unhmited amounts of a first clasy dict for gronth
purposes and the other had had exactly the same dict, very
scverely curtatled  It1s known from the work on rats (McCay,
Moy nard, Sperhng and Barnes, 1939, Brody, 1913, Melay,
1052) that this small pig nught have been hept Iike thus
possibly even for years, while its httermate lived out 1ts
normal hife and died  Whether it would then have grown and
matured normally as the mt does remans to be discovered
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for growth  In the early stages the calorie mtihe mawv be
reasonable and although the einld does not grow the hver
cells fill mith fat and the lnver atsell becomes enormous
Judgmg by what happens m protozon one would expect that
the expectation of life of each of these hver cells would be
cuttaled and also 1ts powers of regeneration The cells
tertamly disappear before their time and are replaced with
fibrous tissue  If the chuld survives hwasiuorhor mn fus early
days he often has a small crrhotie hiver in later life  Aleohol
amun may not be the fortn which hills the hiver cell of the
heavy dnnker so much as the food wlich overnourishes 1t
It s tughly suggestise in thus connection and remimseent of
Tolaphirya that the nucleic acids should neeelerate the process
of regeneration 1n Iiver cells (dewman and Grossman 1951)
The pancreatic 1slets of the obese may not die from over
sorh but from overnutrition  Why overnutrition should
hasten the death of a cell has not yet been establishied but 1t
1 reasonable to consider 1t with the apparently opposite
probiem of why undernutrition should prolong its hife
Stanvation has been found to raise the nuclear/es toplasnue
z;“ol;fl:g: n ‘elr cell of the adult rat Manon Harrison (1053)
ytoplaen ncfot iixb;)raturs found that starvation reduced the
sty b\e,t lvetr‘;elhand to some extent the ribonucleic
{see also D om . e‘ ‘eoxv‘nuclmc acid of the nucleusitself
organ which ‘SS n ‘;m aymouth 1944)  The cells 1n an
ate 3l sl ﬁl“(‘i e;gomg active growth and hy pertrophy
Orermtoon mn ave a large nuclear/cytoplasmic ratio
sl whethe. Errleaslelsl the reserve materals within all
Sgregation of i lscte ular or multicellular and although the
 the higher or orage materils within specialized cells
eells fro, ;‘ th 8a01sms may protect other also spectahized
¢ full impact of overnutnition all the cells 1n thy

y must be sub, n the
be <o \ethals i{l Jected to 1t to some extent Yhy should this
T"’m[lhq,a . ": one time we were struch by the fact that in
10 the niges of " l':'mm“(h\s decreased the ratio of the mnelens
With thys {he ¢ cell and that for some reason connected

more vulnerable cells then succumb  The
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devddopment may he Tnmted and st gronth essentnal fur
sunvinal  Some of the yngrant bieds dlustrote this un
clearly but a httle pig ke ours would almost certamly Tl
by the wayside i st natural surroundmngs long beforeat Ind
reached matunty even if it has three or even ten times the
normal expectation of a pig’s hife w our hittle sty Methuselah
vou will recollect, died at the age of mne hundred and sty
nme years  We do not hnow the age at which he marned
but he appears to have been one hundred and cighty seven
when his first cluld was born  Unless the writer of the book
of Genesis forgot to put in the decimal points one may surtise
that Methusclah must have had a very sheltered upbringing
and not quite enoush to eat for Ins first hundred years o <o
Unhmited food of the nght hind Ieads to ripd development as
you ean sce from the grow th cury e of our big pig who was onl
just over seven months old, vet she weyghed 350 tbs and Tad
ovulated three imes by this age Rapid growth and develop
ment must be an advantage i the world at large but once
the vulnerable carly stages of an ammals hifc have passed
too much food of any kind 1s probably a senous handicap to
survival m natural surroundings and we hnow that it 2
modest one for & man even i the clostered world of modern
crvibsation We clearhy want to provide for raped development
i early lfe followed by a prolonged period of productive
adult lfe, yet the duration of hfc as a whole appears tohe
closely related to the rate at which an ammal approches ity
mature weight (Brodv  1915)  Ilow to break the 2 bl
law appenrs to be one of the little problams watting to fe
solved

These 1deas have a beariny on patholozy much wiler thin
mght at first be supposed  Jf the prineple be scet ]\lu] that
the capacity of a cell to reproduce 1tself s reduced and that
1ts denwse 35 hastened by the accumulation of food maten i
or calonfic reserves witlnn at ccrtam disenses DLecome more
understandable  Take knashiorhor for cxample  Tns s now
thought to he n state of extrame undernutntion i a w eanling
chld due to a defieieney of protemn, an ¢ssentin] requrement
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but natural protection, environment and heredity must all
enter mto the picture. The type of overnutntion must also
matter, and if there 1s any truth in our speculations about
hwasuorhor and alcohol 1t may be possible to have the cells
of one organ dying of overnutntion while the ammal as &
whole 1s suffering from undernutntion It 1s admutted frankly
that these 1deas are speculations rather than theories and
that even if they are true they are generalizations of the
broadest type and there 15 elearly an immense amount of
detavled 1nformation to be obtamed and mtegrated with them.
This will fake time, and we may not live long cnough to sce
it accomplished  If, however, we have provided you with
tnenty minutes’ entertainment and given you something to
:;xmk about, this 1s all we can honestly say that we set out to
o
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matter, how ey er, 15 not quite so simple as that, for the evidence
15 that our little i, who was certamnly undernounshed, had
farger Iiver cells than those of her Lig sister or of an adult pi?
These contamed mare protemn and rhomelere aend and pre
sumably therefore more cytoplasm  The percentage of fat
was lower than at was in the cells of the well nounshed piy
We have therefore been led to suppose that the lethat factor
15 not so much the size of the cell as the nature of the maternl
enlarging it, Too much reserte material inside the celf ws the
trouble, or perhaps too much mside 1t for too long  This
itself 18 no “esplanation” but 1t 1s possible to get a hittle
further by ventunng mto the modern world of ecllulir
orgamsation and enzvime chenustry  If the metabolm of
the cell 1s directed more to the handhing of reserse matenals
than to the synthesis of protemn and nuclear substances,
adaptation and nerease of all the enzymes required for the
former may be expected to tahe place (Licner and Schultre,
1950, Davies and Yudhin, 1952), as happensif o bacternal
colony 15 subjected to a ehange of substrate or to some growth
miubitor.  This reorgamsation must affeet both the deoxy:
and ribonucleie acids in the nuclens and ey toplasm respee
tively (Brachet, 1954, Gale and Tolhes, 19533) and ma
displace or reduce some of those enzvmes withm or without
the nueleus responsible for processes essential for growth and
reproduction When now the stimulus for reproduction comes
the organmsation of the cell s not ready forait and readaptation
mny take some time Ths would lead to a slow mtiad repro
duction rate (as of the large coloured cysts of Haunatococers
plurralis) and would also «yplnn the posailnhty of a return
to full reproductive actinaty  ‘The higher orgnmsms are
paturally more compheated and all the eclls do nat suecumh
equally readhly to overnutrition  Some may be protected
vanous wans  Overnutrition i the lugher ammals may ¢wse
death from s mechanienl effects and also from humoral
causes (Fditonal, 105¢) but there must be some reason ot
eell level win overnutrition halls  One would expeet fughly
speclized cells Iike these of the panere i slets to go fint
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frt flies and cantaloupe seedhings  Dubhin (1933) using
tle gures f the Metropohtan Iife Insurance Company of
No Yerh b further mdicated that it people who lowe
weght Ine lon_er Ve knuw very httle about the cffeets of
overnutnition m ehuldhood  but there are strong mdications
that 1t mav he mportant  1or some time past 1t has been
taeitly assumed that the maximum growth of children s the
optimum 1f one child has a greater size than another of the
same chronologreal age and sex there 1s a tendeney to stateat s
siperior Widdowsan {1947) n her admurable study of
children s diets writes of the weghts of girls bemng i fwour
of the professional classes  with reference to her finding that
tiee grls were heavier than those of the same nge m two
other classes Morant {1920) writes of the height standards
for Botsh children of particular a.es  amproving from
decade to decade 1f not from vear to vear Are chuldren
“)‘\‘?d are hc’auu- necessarily more fivourably placed than
rhiren atbo= an ncrease i height

Prutand from 1t children cvacuated to
”‘;; e 11 erated parts of the \etherlands beeause
Weaters 11 ;{!a nourished  children during the famme 1n
o Zo and and malnourished children m the three

™ Zones of post war Germany  In general these

childre; i fit 1

o ‘n were nea I(); notmal i height but low weight In
order to compare their heights and we ghts indards
We searched the Literaty | i e the s

o re for these and made the not ve
(:rﬁ:gilf;sc‘%\ ery that such standards were of poor quaht?z
P o ﬁqf) were n general worse But this study of
thought ha:b:cs mdieated (Sinelair 1948) that nsufficient
Wi n:n given to the most desirble rate of growth
5 Gt cessanily the maximum rate We can mahe a
by e “)“cars(tallcr and henaer than he would otherwse
e can moks Bhlamn ;rlm- Pitmtary lobe extract alternatiy ely
mentabon, Therr cavier and probably taller by superaly
0 15531 the ‘ s mdeed a tendency amongst nutritionsts
huld of perfect nutnture as pleid rotund red



TOO RAPID MATURATION IN CHIIDRTN
AS A CAUSE Or AGLING

I M Sinclar DM vwer
Laboratory of Hun an N\ttt on Lmvers tyof Orf r?

My great grandfather Sir John Swelar who was founder
and first President of the Board of Agriculture and who f'r
better or for worse introduced the word statinties nto our
fanguage had a pission for codifying hnonledge  He n
gretted even in 1907 the large number of printed books and
papers, although 1t 1s only farr to add that he was Tumself
responsible for 122 volumes  Such ymmense mas es of
printed paper can answer ho good purpose  and are a hewy
fond upon hterature aud the acquiition of useful knowfedg
(Smelar, 1807)  In hus four volume  Code of Jtealth anl
Longevity  (1807) he ,athered to, ether o mes of inform
tion relating to the attamment of old a.e and i this dut
plaved n consprenous part Dr Clive MeCan has done Bhewise
1 o numbcr of important publications but unlihe my 41t I
croandfather he s supplemented s researches with
evperiments upan lowcr anmls from cochronches to doxs
Of course others had carher conduded that a spine diet
pml(m,_od Ife The Venctian nobleman T uin Cornaro (1508)
and the Miller of T ssex were driven by bad health to adopt &
smple diet but that great monecr of experimental Tmman
putatton Widlnm stark condluded (1786) that they  wert
denven to temperanee as thor st rowonre and  the prol t
ity 15 that nothung but the dread of former sulfirings ¢ ull
have given them rc solution to porscvere m so strict o eotirne
of ahstinence

We are all thoroug iy fanmhae with the evidenee that over
nutrition and obeaty tond to shorten hfe this hoas ban
demonstrated for such diffirent org intams as man mts teeat

103
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ad inereased t] e duration of hfe from mneteen davs up to
toenty mne davs hopee (1928) reached simlar conelustons
with Drosophila caterpillars and trdpoles, and others using
protozoa {Rudznsha 1932) Cladocera (Ingle, 1933), mice
(Tamenbaum 1947} and rats (Riesen, Herbst, Walliher and
Eheljem 1947, Templeton and Ershoft 1949, Sherman,
Campbel] and Ragon 1949)  Curlson and Yoelzel (1946)
found that slternate fasting nd feedin s wncreased the bie
s7an of rats without wfluencing the growth rite  The most
edtensive and important evperiments are of eourse those of
Helay upon trout and rats {McCav Dilley and Crowell 1929,
Vel Sperling and Barnes, 1943 MceCay 1932} There
e be no doubt thatin generat underfeeding of fower animnls

Qurmy the growing penod delays maturition and mercases
the e span

Hthis is true of most fower ammals 1t may be true of man
0 shom indved there 15 evdence that overfeeding hastens
fuberty (Brach 1941 e Marquand  1951)  Yurther 1
Brody {1955) showed mmn differs from other animats m
Spending & relatyy ely long tume 1n reathing maturity whichi 1
this contevt means abihity to reproduce  In shorte mng thys
S?; :t‘:l\l:xz«ot‘h erfeeding we may well be harming children and
Enel® eir hfe span MeCance (1923} from Cambrid_e

Bland has supported this possible damage to ctuldren by

8 Semay be shorteming the iy es of the generation

1 concluded much
mbndge Vass g
I think we should

a Cutter Lectyre | gave w Ca
couple of yeans eatlier (Sinelarr 1%al)

1Ction with
Uy vitanun By, and aureom o
e thece actbies male them iy o

~TOW more quickly and
cOft COUNE ot fras Be mamt uned that the
ndn 0 Sitamin Bl they A1oW faster when

ministered althougl presumably the same
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faced, and scited m contented contemplation of 1t fulds of
flesh Duning the past woverd vears there has bean a marked
merease m the rite of rrow th of culdren, although m T uglnd
and the U the adult male heght has ramamed wnehwged
It has not heen shown that this merease 1 rite 1 neeessanh
advantageous indeed it mn be undesirible sinee the g
time taken to rench maturity s charactenstic of the ummn
genus® Morant (1950) has assembled an impressive number
of data from which he has eoncluded that the maxmum mew
heght of British men 1s attamed earlier but is not greater than
1t was a century ago

These conelusions of Morant have been entiased by Bovne
and Latch (1958)  The lavman of course feels convineed
that Englishmen are now taller than their ancestors, they lut
their heads on beams of old houses and surviving suits of
wrmour are too small for the avernge man But the arument,
welk as it s from the size of armour nught be falherous
hicewse of the tendency for small swts to survine Tt ol
the smaller sunts wcre m fact incons cmently small they would
be used less and would wear out later Secondly, as anceston
mored from eastlc to manor to house to cottage, the smaflst
smts wonld tend to remam n the famiy simce they would
necd less deanmye oceupy loss room and be less valnible
as serap metal

Over 8 eentury ago 1 dmonds (35%2) prodoeed *a new
theory of the cause producing halth and tongenty * - He
Deheved that hardsbip i vouth tanded to decraase the rate of
maturing and cstimated that an ancrese of ayarm the
duration of mfancy could increase the hfe spn by seven
verrs  In lower ammals varions workers have shown that
underfeeding during the growany ponod dedoys maturity nd
lengthens hft  hellogr and Bell (1901) prolonged by this
means the time required for me tumorphasis by sifkworm larvr,
and Pretet (19034, b) did the syme mn butterhes Chapman
(1920) prolonged the hfc evele of Lriboliom confusum b
Northrup (1917) found that madequate foedin?

manition d
Inrvad perod prolonged s penos

of Prosoplula durng the
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subject for Teseatch, but 1t 15 possibte that there was deficieney

of nboflavin 1 some of Tus diwets  Jollffe snd colleagrey
{)ohffe Furare Frontah, Magmom, Cotbo and Lancino,
10:3) have been studying the effect of vitamin By, (20 pg

dailv) on the gronth of Ttahan children, and n the mtint
sven manths found a sigoficant ncrease i weight  In the
seonnd yearof study (Jolhfle, 1954, personal commumention)
siztuficant mereases m weight have again been found, but no
squfieant merease m height, whiell 15 surpristng since the
INCAP worbers concluded {1953) that  Throughout these
studies rate of gam 1 heyght has proved the more convineing
vanable  In India, st has been found that vitsmin B,y

2ears {0 have wo effect upon growth i undernounshed
children whose diets are nadequate {Annual Report, Nutntion
Aesearch Labotatonies, Caonoor, 18.3)

We do not know why overfeeding produces early maturn-
ton Gyerweiht mothers tend to have Jarge halnes, so do

disbetic mothers pethaps because they have a greater ratio

of plucagon fo msubin and the former stimulates growth
Bk, 1053) But the fonger hife span of anmsls that are
wnderfed during the growing period appears to be a general
“ient oceurnng 1w ammals that have no pancreas  If length
of hfe SPAN 1S taken as & entenon, such animals should not
Thaps be regarded as  underfod ther diet should be
Trarded a5 the normal ane Whatever the mechamsm, 1
ol to 2epeat what T have been muntaming for the past few
Jears that until we know more about the biologieal effects
of avernuturtion dunng childhood we should be carefu) of
& ecluding that moximum growth 1 the optimum
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clam would not be made for aurcomyvemn Indeed we hnow
that 1t 15 posuble for deficiney of vitanun By, to arise m
striet vegetaniane The problem s not merels of acdemn
mterest sinee very large areas of the world cannot be and
probablv never will be supplied with sufieient animal proten
to meet optimum demands and the question of supplementing
vegetable protem with ammo aads that are lacking or with
vitamun By, 18 anoimportant one  Several tnals fas e alreads
been carried out 1 some of which ammal protem was com
pired with vegetable protam, m others supplements of
vitamm B,; were added to vegctable proten  None of thee
trls 15 conclusive or satisfactory  usually beewse the test
bas been of too short durntion  In short trials Widdowson
(1918) and alo Gomer Galvin Binvenn and Cravicto
Mufioz (1932) found no superonts of anumal over vegetatle
protean [or the past three vears the Institute of Nutrition
of Central America and Panama has been studving the prab
lem (Scrmshaw and Guzman 1953 INCAP Anmnl Report
1953) no cffect of o suppliment of animf protan was
found amongst dnldren of 11 Salvador apparenthy becaus
therr dict was deficsnt also 1 other factors but i Guatemaly
the addition of vitamm By, (20 42) to duldren on o B isie
dict of 0 2 of nmmal protan datly produced over o penod of
crghtecn months o dnghly aomhcint mcrease i rate of gun
m haght and waght - Others had proviowsly elamed postine
«fTeets with vitanun By, (Wetzel Targo Smnth and Hlikson
1940, Wetzel Hopwood  hucchlc and Gruemnger 1032
O \eil and Lombardo 1031 Chow 19351 Walde 1952 Spies
Drazen Currie and Buchl 1932) although nggatne reports
hue also appaarcd (Dowaing 1950 Rascofl Danesaty and
Norton, 1951 Benpanun and Piree 1052) none of these
tosts was conclusine  Deaan (1053) made o detulad studs
on undernourshed German cldren of the feediag of plat
protans and considercd that adeguate substitutes for mlh
conld probabiy e provided from phnt sourecs noling the
B nchicnd cflect ol addimg asmalt amount of nnfk, e s ented
1hnt the addition of vitamm By would I Tugfily amportant
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DISCUSSION

Dlimech Dr Swckur, you compared Duteh  haghsh end Germn
ﬂ;%;nu, what was the sémdard" ’;)xd You compnre the asefape beight
ol the populations 1n these different countries

smz":,? That is an extremely impertant question which concerned
wsery much when we were studying the heights and weights, hecaue
of the enormous differences 1 different vaumd mroups  The Raamsn
thildrens are shorter and stockier than the northern chuldeen but the
stan lards emplosed m Germany tended to come from the south from
Ao Furuet s clime ang e was largely studeing Bavanan ehddren who
*fe nat typicat of the chuldren we saw up i the north Therefore T did
alect for the chart ¥ showed ctuldren whom we regarded as hesng racatly
awmpsrable with Faghsh children from which our standard was sdopted

Vednuer ¥ should e to ash Dr Swclass a question 1baut delaved
Mmaturation w refation to the mcreased expectation of hfe e quoted
wine figures suggesting very tentatively 1liat one year sdelaved matuws
WA night be worth seven extra yems of hle nnd he sk mentioned
Marant s i estigation of whether ar not Enghshmen had grown Jarger
@ the caurse of the Jast century  As I remember st Morant s data
showed th 214 ¥ 1 histucien hiad 292 inereased 1n oze oves the past hundred
ean but that thes har veached thew mramun ssze 1f youtakhe that as
avndex s fmatusits no lessthan five yearsearler Tnother words we are
Tembing matusiy tday Tve ears eardser than was the ese m about
130 Shoutd that n ¢ he cortelated with a rather drvmatie change m
the mean svpeetats n of hie Actually the metn expectition of fife at
S furts BN or sesty hasn € changed very moch €y er the Jast hundred
drars Tl oo Lar e ot has changed W bos sneteoeed BRGEE 1 soBe
face ntency there whick perhaps ought to be dlaticd

Senelatr Yes, X hinks that is important  If we take the reaching of
adult sz o utes sndex of pustsration Worant showed that what appears
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DISGUSSION

Ollmeh Dr Sinclair, yun ecompated Dutch, Fnghsh and German
chaldren, what was the standard’ Did 3 ou rompare the average beight
of the popiulation 1n these tifferent cauntries”

Swelair That 15 an extremely important question, which concerned
43 vers much when we were studving the heghts and weights, beeause
of the enormous differences \n dufferent ractal groups. The Bavanan
“huldten are shorter and vtockter than the northern cluldren, but the
sum&nrds ‘emp\‘(\\eﬂ w Lermany tended to come from the south, from

maturation n relation to the mereased expectation of hfe e guotey
.

HEA 1 8w s e & aman nd g o
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to b fnppemug s that the aduit height unchnnzd, but that it is
reachied at o considensbly earfier age Now there ntre o tmany factorIn
preventise modicane that have come m duning the jast century awnd
hne tended to screase the span of I, that Jt {s anpowdib dn the
stugds of o vwhole population to sart eut the pesuble decrese of the spun
of Bie that nuglt be prodatced by thus esther moturation from the
enonuoys snerease that advances i medieme have brog bt shout
One 1 argung from lover animals to man m sugge stng Ahat {n men eda
erclier maturstion or carhier reaching of adult size, might deerease the
~pan of if, other ens yrommental factors heyng the same

Pardes Is 1t redhy far 16 93y thot the span of i hay ercrsed? A«
{ undenstand t the ovpectation of hfe ot irth has fnereased greath,
but the expectution of Bfe at sevents 15 now oady ahout six tieatht
Ionger than it way a hundrcd vears ago, and it seems to e thezelon that
the expedtation of bfc s the bibhie i} sense ot any rate 35 just about the
sune although there are mmy mare poople Ivng long enogsh to
tapeet it

Frapilin Would Ir Suelarr definge matumtion?

Sencfarr | thank that 1 o question for a Inolosst

feartiett Tan €1t the cnse that matur won canut possbly te defined
w terrs of g pant o achiod at the end of 8 process of change? I the rate
of mturation hay any elatiod te kagth of bfc, 1t surely smst have teddo
wath the rate of some of the processes m reachsg s final pot, e
fause ohe Cantol assumec toat every provess that s iy ohved f fncreasing
at thie same rate Onc would nenme aho that the caclier age Teoges
tand vury among thomsclues a preat doad \inturation 1 not one singfo
process whstover it and { ~houlifn ¢ iave thought of cowdd possdbly
be dudined i1 torms s tomis o pomnt of sand sort

Brrdd Efeel it st I mmposssbiic tu gassser She question on Jumo
Betngy s they fne su bon,, wad there i the progress of medione and
of hyient e fore vou s Bive the sesuft of s our yperinient oo the
<inddren sou are voteidiring  snedseme witt have smade moye progres
The £ non whe pec B v fomger v ondy dig o victory wier infegtious
dteads, not b smprovesunt a nutetion Grown ap peeple eat bbe
fools or as thetr srovcenmunt Tty thom ead, or s pdsvertbwements tetipit
them but anun sy an fof sorntillcadty s studiey must be made b5
compatative phivsntogy there gy o way out i

Yrwcher Tugres withSar b roders bt § shonld e toask B Sinehair
3£ 5 thinks Uil Cardy sunturation i stre e s nho endy maturstion i
caprieity for roproduction fur mitance

Senelarr ¥ hiad that w ssnd satiemiih but 1 othink see g6 o0 rasit
enteron for measuroment Ahutgh of (ourse st i onfy o sinall part ':
maturation | Me abo took another cnterion, namdy the ansed ¢
menstruation, nnd tescd 1o get fnformatian stout that in pepul i
that s ndoubtedh o dflerent piane of mrition, But we BT |I'ur:
suitar e dhflaculf problos of primitise undcrasprhied girdonot ‘“" ot
e br g < TE rovery ditlic wit, us v are unly ton well anare t'«;n‘l:' o
wiust s Inppened mpast sory beenuv e fgzore st put o '" ollegt
1 teud hoped that T eoutd et some of theae fijrures oo iy oW
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in Oxtord, because for centunes past we have had boy s MINgINg
the choir, and T have unsuccessfully seatchied everywhere in our very
good Tecords to find out the ages at whuch chonsters ceased. to be
chonsters shen their volees brohe

hrohn But the reverse 1s also true, that if you feed anmmals too well
they are poor breeders and bepn to breed later than notmal

WeCance Yes, thatis true Ve are all interested in our department
1 the fact that show snumals may not breed st all That 1s ore reason,
Illxh'e\e. why show breeders Lhe to sell their ammals at the show, for

[ TR

be hay vmltfn & paper precisely on that point.
N mfu \'l;vu mean they lived longer than they would have done of

Dietor heve ¢
induize m ph
Math seems
fongevity
Parkes | oap gymmmcs =+ 3
top the relation of
farty of the body
Teom o species « [
#r tes bt e '
oMUl R gt
weeks, when non .

vty uloule, luete 13 3 morabstic
hat 1t shouldn  be healthy to eat well, or to smoke, or to
ysically pleasant activities  We never heat of the fact,
1o be true, that ajeolicl in moderation 18 conduene to
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to be happemng s that the adult height unchanged, but that it 1s
reached at & considerably entlier nge Now there are so many factors n
preventive medieine that have come in during the last century and
huve tended to increase the span of hife, that 1t 1s mpossible in the
study of a whole population to sort out the possible decrease of the span
of hf that mught be produced by this eatlier maturation from the
c;\nnrm()U\ mcn;me that ndmn(:cs m medicine have brought about

Parkes Isit realh fur to <ay that the span of hfe has ncreased® As
I understand 1t the expectation of hfe 2t birth has wereased greathy,
but the expectation of hfe at sevents 15 now only about six months
longer than it was & hundred years ngo and 1t scems to me therefore that
the expeetation of ife 1n the biblical sense 4t any rate 1s just about the
same, although there are many more people hving long enough to
expeet 1t

2 rankhin Would Dr Swclur define maturition®

Sunclair Ithink that 1s a question for o brologist

Bartlett. Isn t 1t the ¢ase that maturation cannot possibly be defined
mn terms of a point reiched at the end of o process of change® If the rate
of mituration has 2ny relation to length of life 1t surely must have to do
with the rate of some of the processes in reaclung this final pomt, be-
cause one cannot assume that every process that is iy olsed 1s increasing
at the <ame mte  One would assume also that the earher age rances
miust vary among themselves a great deal  Maturtion 1s not one single
process, whatever at 15 and I ~houldn t hive thought 1t could posstbly
Dbe defined 1n terms of 4 ternunal point of some sort

Brull T feel 1t will be unpo~sible to answer the question on human
bemes sinee they live so lonz and there is the progress of medicine and
of hygiene  Before vou can have the result of your experiment on the
children vou are considering medicine will have made more progress
The re1son why people Iive longer 1s onlv due to victory over mfectious
disenses not to tmprovement m nutrition  Grown up people et bike
fools or as thewr xovernment lets them eat, or as advertirements tempt
them but amnuih are fed scientifically <o studies must be made by

capiets far reproduction for instance
Sinelar T had that in mund  naturally :
eniteron for mesurement though of course it 1> onl 3 small part of
mituration  We alo took another enterion namel the onset of
v 1 4nad ta mot infarmation about that in pepulations
! on but we have runt

1ed @rls not hnowint
are to find out
ot obtainible
v own collegt

but I thinh size 1~ 20 caser

thee v Itisvens diflicult as you e onh 100 well an
what s Inppened m past veas bed wne the figures are ™
I had hoped that T coul 1 get some of these figures from nv
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v- " hether the restricted diet dunng and
T Snclarewhether U afrpet su this country? 1

vy
B
yestneted m Butain for muttia way
» s

can qny Tesuits. [lase there bee. nt
I

(T8 S SR €

hat chrome underfeeding
+ e~ v We hane
st death,
ong time
ntly foliow~
. > deapn the
war

Naelausen In the last veat Or two considersit wee  10M has been
- ~A Norwemans hept 10 German coneens
= affocts are
L e, oy

anw trying to do it systematicany w dew oy

surpnsed fo sce what they could tolerate

Lowdry Tt will Lake tune, of course

- weonle who were starved dunng the
¢ =elequiten
Sl 1uay 5 .

Meult to
suatyse hecause w the famane i the \ethendius w S0 Many
other refevant factors, such a5 who was admitted to hosprtal  But T
fhank W 1y generathy agreed that the wadence of eclampsia was con-
sdrebly decreased

. B . * Viewsuion gbeut whether the stow
Iy "
]
'

vears
nb MeCay talhed of many anmats but didn t mention

n the ane 1
1m particularty fond of, and that « the deer The deer ‘\ncsn;.h?z \’:“\l-;
Twng only fifteen vears, and has one mpartant charactenistic 1
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to 18 or 19 g and were hirge round sphercs, so heavy that they couldn t
wik, Iowever, 50 fur ay I remember, the age at matunty didnt
appear to have been altered
Verzar I think we have aghin reached a very basie question of old
- A

¥~ ywant to get on
. mg, statistieal
i . t would only be
can't compare
" 1ld propose 4n
OFZAnIZ L0 WenLn voue s nevy on ageing on &
definite groun of individuals

Cc " osatigye
ean™ . nugh
o arly
. ) e

. . f PR .
) . . o

. f
- i

. . ous one 15
seh nre Ahe
- situation
LIty Le wiasvpun ~hat wluch

1 population of rats and divide them

inst each other
oo

' e L L S, '

tuberculosis 15 cheched

will tend to grow sery

SlUWLy BLu UL vy g of confusion with

regard to the effects of retarded growth wmongst a group of rats of that
ty pe. where one hias discised and healthy anmals

- I+ e partenlicly brought home to me by _sccmgusnmt;-

cise of The viguul, 3% v g o .
deselopment goes sith Jongevity and with Jong reproductive bt ww
get the sort of mouse (I think it was one of Gates's crosses) that breeds
earher thin any body (sCs mouse and 1o seuns to lve fonger and goes
on breeding longer than wybody clse s mouse  Unless we know whit
the gene €7 e wulitian s we may be nusied h,.u. xE
sort of ¢ i H "

and an

heterozy gosity -
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* Sy lam
Tenee for an aee chanye 1 basel metaholian Coippears® X
:ﬁ;‘;m question whether there 1 an :m;(m! showire of the exffular
- e

e e napmntien.

metaboliing bssates, ~

Cordy Woweser, 1t 1wsed 10 be thougd £ tht there was a wmifrant
dehydration sedctinn 1n amaunt of water pee wmt of weirRt i olfer
bssoes And then Flastings and athers came aloag sad wemed to show
1hat this was ot the rase  What 1 the sitmation e

Stk Tthunk, there 14 10 question but that the trtal water erntent of
the anmuaf desteases with age  Lutaz anti-pyrene a4 an grlet we fuse
found an average change from 34 6 % 0 29 T 1, betwesn the ags of
£ty ond wnety years, Agamn, «f you want to wdulos @ seme Loy

. 1 ea PR ~F famation ny nenfaniian.

‘ -

e ’
MeConee ¥ don t Lnaw an

So nyht on wto ofd age that balance seems to be
Preserved,

Condry Can you say

#eeest samew hat £ ywe,

that the basal metabelie rate 0 females t= tn
e way related 4 1

¥ than males for the same age and that that wn
ferensed fife span”
SteCanre Our work hus of} been done on old men, 354 I m afraet 1
faat tell you anvilang about pid womes

MeCay "Thers 35 no #roof of any sex difference in noy ammal ather
than man

Loy There w a dyftere

A

Tice 1 Man 150 ¢ there’
“r(’;u Mparenth yes

= ~mounts of fat, Unfortunately we
. s 3 ope were
3
0y sex dillenac , souta be

Tt tte temale has more fat on her from the start so that this

p ‘?mtm\v 1 Munk Sncel hess has e, ga S no sex
m:m\u W ters of netie metabiolising biysue—t 13 that there 15 more

Loedry Byt here would be u difference
. 7 = ™e Or surlace area

; * Teernabional Conference

terms of total weight?
on

s the
N
MK N W Vet M3 and M, 0 - R34,
i s T Ly SSThpouum on Probiems of w. fogy,
147 Vtuen ¥ oundation, “winbion Symponum, were g P 2904

Sap
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regenerites s snitless every sear Antlers ¢ be colfes ted rad werglied
tnd amalysed or even studicd whon they are groving T8 s o be wtifut
awmal for studving the adbshts 1) renomtc Ho s o reproduable
grontioimpe s every vaar it goes down geoadunthy ns the anmal grows
older - Rut vou cw dhonge the devedoppunt «f the antles you
controbat by chongng the eadocnine eny i ot

Tansug “Lhere w nvery e biedure on the wdle of nutntion in
experunentnt ammate It doesnt need another fifteen vears to be
resalied gt bas been resolied for more than fifteen 1 ears—sone of the
worh was done w about 190G on suk worm  Cladocera (Baphma o
particular) on robfcrs on Manaria and other fiat worms even onrats
and smee  Iloclzel nnd Carlson severnt vears ago pubhehed extensisely
en thus subject, and I m surprised at the nmouat of gencril agrecment
there is  1he consensus s Wath amazmgiy httle difference of opinion
that restriction of the diet prior to maturation does seem to effiet 8
prolongation of Ul span  restrietion of dit  or saper ahnentation
after maturation hiving oo effeet at all

Shock But rsn t the problom thit we are snwng hese a little deeper
than that?  We are ashing  what »» the mechantsm whereby thus pro-
s v cazned out ¥ FE veems to me that althe ugh we do have p furh
large body of wformation on ynrous ammal species we hive not et
any foutfal wdeas on the mechamsm of the process

AcCay Fnthe other direetton (and m regrand to Br Gfbrich s question)
we have left & substanti ¥ group of rats to become meddle aged and it
and thea forced same of them to heecome thin by exeseise ar retrchon
af food and that lengthens the hfe of the rit not ns sigmfleantly as
retanded growth but one does get a sigmficant result

Tunbridge You hive some work on your nuatal patients haven t
you reliting to the caturie requirements w elderhy people s it correet
that thewr calonc mtike v dunugnshed?

McCay Iheress work «n that but { duls t do it That gets imolved
vuth Lmsal metabolism It Toohs as if (vudence 15 very pood that the
DAMR drops i older people but Isve never found any sound evidence
for nny expenmental ammal that the BMR drops with age  Assuming
those data are sound man My be unkgue w thit respect

Shoch I think Dwis ( fmer J Phus o1 91~ 119 98) studsed the
Lasal oxy gen uptahe of = found & reduction o the
basnt = ¢

yan 4 tind one can Jurmp erther

“ns/mck e have eollieted evidence oy changes m basal metabolon
with age, and 1t 35 true that the onygen uptake of the totat ol
dymunishes as the individunl gete clder (Shoth and Yot 10 ‘t
J Geront m press) DBuat if aue uses some oher = * ;
of functional tisste present 1 <>
standand *!

We has

sdidu

—and ¢
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o 1 hasal metabalsn disappears®  So T am
. for e c\\:\(:ae."n l::ere 13 an actual slowing of the ccllulir
; 21w Aran 1n oV 00 tonsuntption
f + e s oes anid

slowly
w 0
metabmhomg tisstey

[ lglomuer. o used to be thougme « gmﬁr&mr
dehydration, reduction 1w gmaunt of water per unit of wes, 10 oldel
tussues And then Hastmgy and others esme slong and seemed ta show
that thus was niot the ease  What 1s the situation now?

[ think there 18 no question but that the total wates content of
the anumal decreases with age  Using antt pyrene as an sndex we have
1 ~ ohange from 3% 61 to 29 7| between the ages of
! ¢ ~n want to mdulge 1 some fancy
. ¢ “mane protoplasm,

at

- . 1on
of the hustologenlhy observed foss ot aw o sing

e

McCanee [ don t hnow anything about the water but if you stare
2 pervin et eights he demves exacthh the same percentsge of g
basal calorie cequirements from brelung down of hrs own tissues o3 @
young adult does  So nght an it old age that balance seems ta
presened

Coudry Can 3ua sy that the basal metabohe rate tn females 13 1n
Tneral womewhat lower than males for the same sge and that that win
farme way related to incressed fife spn’

McCanrr Our work has a3t been done on oid men, and T m atrmd 1
eint fell vod ans thing about old wotmen

My Thare 6 oo provt of any sew difference w any s other
thar man

{oudry There v » Hiference w Man snt there?
Mty Apparently ves

* = e has mote fat on ber trom the stark, so that this
reounts of fat. Unfortunatelh we
t Voo fone were
would be
20\ sen diffesence seee
Sanclmr 1 thank Aneel bevs ha 18 0o sex
"!1?('":(\&1- M ferin of s tive retabolivng tesue—it 15 tnal u ere 1 maze
3
Condry Bt there sould be & diflerence in terms of tofal weight?
Sincdarr Ny (feourse  Or surface ares
Brall May § remund vou that at the first Taterationat Confererice nn
Germintors 1 reported Thit we st started o study of the influence af
watrtion and focding on the azeing 0f ibited mice Ve started thas
SNER N W Yaongst MO8 and Batkm D\ ges
Shock N W n Symposiam on !imn"xt:n:ogﬂc:"éh&ﬁ“
VAt Viktanun o Mo, \atrition syreposm Sery g b 1900

See gl
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Seven years ago, and it s still in progress  Of course we hved with the
tlusion that we can avord diseise  Tis alluston covers all stihies i
gerontolozy, and will remuin anallusion because we shall never be atle
to study pure ageing without the influence of exozenous fictors

1o go hack to Dr Ianungs contnbution about changes m the
conshitution of ** * B
whole anumal
et and then
these analyses 15 that the mun effect of agung 1s the putting on of it
and hipd substances  But this 19 alrewdy Anown One of my previows
masters  lerromne in Strashourg, demonstrated thuety years ago that
when you analyse tissues of amimals, 1if you are to have comparitine
fizures y ou must starve vour mmmals to death before vou analyse When
vou do that, and you take hiduey s or liver or muscle of different anmals
of the same speews the results are comparible  So we are gomng to do
thit But as regards companng results ot exchanging of possibibities we
could Just as well exchin,.e powdered animals  Ishill do what Tewto
anilyse the powdered anmmals from many pomts of view, I shall do
grass analyses and some of the amune newds ete, but many other
Iboratories may do what I am unable to do  So if we are thinking of
worhing along those lines we mught help each other I hue not pub
lishied anytlung yet about these mice, perhaps I never shall but I am
rewdy to compare and to exchange powdered muce of that wnbred
colony with anyone who wants help in that way



PSYCHOLOGICAL ASPECTS OF AGEING

S1m FReveERie BARTIRTT, CBE, F RS
pphed Paycholagy Research Umt Cambridge

ABOUT seven years ago the Nuffield Trustees, mt‘h (‘he
appraval of the University, established a group at &
for the expenmentat psychological study of the effeety of
ageing i the case of normally fit persons Tt a few of the
chief results actuened by tius group which ¥ am now gong to
deseribe and consider  The prinapal ment for the achirse
ments 3s due to Mr & T Welford, the Director of the Group,

and to tus fellow warkers 11 there are mstakes of nterpreta-
tian they are mine

It was from the beginning agreed thit we should not be
much concerned with the extremelv old but rather with the
entienl nge Tanges fram round about forty fine to sixty five
Bt was 9ho agreed that we should not conhne our attention
to relatinely 1solated 1tems of behaviour such as sensory
threshold measures reaction tumes, immedinte or yemote
memory span dwcounected from onv other activity  We
should rather louk at these m that mtimate assoeration with
ourbinued worl which they have m practically i forms of
43 by day actuad hebaviowr  This meant that our mam
Pre-occupation mast be Yo try to find out sometlung about
the niture and eondstions of shilled hehaviour, whether of
bodh or rund and that onr witial problems would concern
demonatraible changes 1 shitled actisaies which normaily
oeerr with adyvanemy age

W fad ot cound some guide both from the resuits of o
Ot amonny of Girlir expenimentativn and from commanly
held optmons Nearhy cverybody for imstanee agrees that
most et i are Sowed up with mcrevsing nge and Many
Ogrrrmscnters had wirtads teported s But when dogs this

S 20 .
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slowing up begin? Onee hegun does 1t continue and perhaps
merease without recovery®  Particularh are there certam
phnses of comples shilled activsts whsels more than the others
exhibit this slowing up?

It appears that there 1s some slowing up of shilled achons
normally m the late twenties This 1s follawed by considerable
or complete recovery, but it reappears n the late thirtics o
middle forties  There 1s agam recovery until the earh or
nuddle fifties, and then the slowing up scems generally to
continue and perhaps to mercase  But there s nothmg very
remarhable or dramatic about 1t 1n the casc of the fit person
and if 1t 1s adequntely countered probably it need have no
tmpartant practieal significance I am speaking of course of
shilled performance whieh must be done rapidly, but does not
require any great expenditure of muscular effort  If the latter
1s requured, and stilt more if work has to be done at relatnvely
rapid rates and with accompanying overall bodily mobility
the final slowing up appears carlier, usually w the early forties
and with httle or no subsequent recoyery

Very much more mteresting 1s the question of whether
there are certawn stages w the performance of shilled move
ments of all hinds whieh are espeanlly susceptible to change
It rapidly became elear that overnll tume measures of per
formance may be extremely muslendmg (Welford 1951)
Tor example noncof the early experiments a small obeet
was set mto apparently random movement over a surface
marhed off 1 small squares  VWhen it came ta rest its position
had to be accuritely wdentified by manmpulation and if this
was done suceessfully the object was set mto further rendom
movement and so the evperiment proceeded  If the o3 crall
tume was recorded for a series of correct locations 1t could,
as mdeed anyone would evpeet be evactly the same with
great and significant differences m the mternal pattern of
monpulative movement It was from tlus experiment that
we got the first suggestion that the most unstable element 0
any series of aceurate adjustments to changing shmulnnm;
1 not the speed of motement, and not the reaction tsme (¥
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this v defined wn the usual way as the ntersal which elapses
Tetween the sppe srance of 1 stumulus or signal for mosement
and the benning of the motement) but the resting time,
or recovers time, between sn adjustment which 1 m one
drection and an 1mmediately following adjustment 10 a
difTerent dwrection (Leonard, 1953) This fins vnce been
confirmed 1n many other expenments, and, recently, m an
analvsis of time motion study films 1t s the stationary items
\n apparently coutinuous movement series that are most
luble to change They are the constituents that are most
readily accelerated or decelerated  They tend to be drawn
outunder the nfluence of certam drugs of fatigue, and, almost
certamly, of mereasing age

The imteresting thing 1s that these stationary constituents
n a flow of movements, or of 1dens, oceur almost always,
perhaps always, where something speerfic about sigeals for
action has to be perceived such as the shape, stze, colour,
disposition and number of objects, or where, 1 what 1s
wually ealied mental shill, there 1s a shuft from one topie
to another, or some new consideration has to be brought into
a process of thinhing  This 15 to say that the most vanable
elements m stafl, and the ones that are most Wikely to be
affected adsersely with mcreasing age, unless preenutions are
taken ate just those that most wmdubitably demand centra),
neurologieal activity and control

To have demonstrated an ncreasing importance of halts in
a flow of movements or 1deas, with mcreasing age 1s 4 step
hadvgnee  But by stself 1t 1 not much of a step, snd when
W try to go further we ate at onte brought up aganst 4y
culties of interpretation which can be resolsed only by more
Cerunentation
m;l;}:\c:‘ "::d:(\m;:’\:-:\lxle c'; é(;?ni-e now that older people—1
botl at what thev e dotng and ot she o o s o0k

g and at the signals for what they

are to do 1 most hands of bodily shall,

when accurate and
ol work, 1 vequired far more than youn ger people (Szafran,

1551} it may even be the cnse 1n general that snereasing
i



0o Srr TrepErIc BARTLETT

slowing up begin? Once begun does 1t continue and pethaps
merease without recovery? Parhieularly ave there certam
phases of complex skitled actrs ity which more than the others
extubit this slowmng up?

1t appears that there 1s some slowing up of shilled actions
normally m the late twenties This 1 followed by considerable
or complete recovery, but it reappears in the late thirties or
nuddle forties There 1s agam recovery, until the early or
muddle fifties, and then the slowing up seems generally to
continue and perhaps to ncrease  But there 1s nothing very
remarhable or dramatie about it m the casc of the fit person,
and 1f st 15 adequately countered probably 1t need have no
mmportant practicul significance I am speaking of course of
shilled performance which must be done rapidly, bu does not
require any great expenditure of musecular effort  If the latter
15 required, and still more if work has to be done at relatively
rapid rates, and with accompanyng overtll bodidy mobility,
the final slowing up appears carher, usually ta the carly forhies
and with httle or no subsequent recosery

Very much more mteresting 16 the question of nhether
there are certamn stages i the performance of shilled move
ments of all kinds whieh are espeeially susceptible to change
It rapudly became clear that overall tune measures of per
formance may be extremely mmsleading (Welford, ¥951)
Tor example, in oneof the carly experiments 2 small object
was sct into apparently random morvement over a surface
marked off m small squarcs  VWhen it came to rest its position
had to be accurtely identified by mampulation and if His
was done successfully the object was set mto farther random
movement, and so the experiment procecded  If the overall
time was recorded for o series of corrcet Jocations, it could
as indecd anyone would expect, he exactly the same with
great and significant differences m the wnternal pattern aof
mampulative movement It was from this experiment that
ne got the first sugpestion that the most unstable element M
any series of accurate adjustments to changmg stmm)nhm;
ss not the speed of movement, and not the reaction time {r
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of shalled respostse withm farhy wide age Tanges Oue characr
tom tic of behaviour 1 the mddle age vanges and upw wrds
1 an unusul persistence of mustakes 1f » mistake has been
made once or twice there seems to be = strong tendenes for
the performer to move to the required response Ly way of
the ununted one, even when 1t 15 perfeetly clear that the
fatter 15 unwanted (hay 1021) This 15 just what wonid be
experted f the course of an achion 15 determined at 4 relatss cly
exly stage of the aetion

Sipposing that there were both some retraction of antiet
pation range snd some adhance of the pownt of no retarn
afl the <Jowing up of shilled work which hrs heen expenment
afhy demnonstrated would be fully accounted for  Vihether
they do occur and if »o by what hunven mechansms they wre
effected are questions perfectly amentble to an expenmental
approach but the expenments have not yet been done

One final question ahout these resuits of which I hine
spohen and a good many others both m practice and m
Srummg winch 1 mght have diseussed had there been time
aze they snevitnble? That depends upon the meaning winch
pattsched to mevtalnhity I inevitshle means results
that wil} occur unless speesal precattions are token they are
I mevstable means results that are bound te oceur what
ever is done about them umply becanse everybody adianees
Wg.e the strong probabibity 1 that they are not  But that
opens up another and perhaps & stll wider, field for
expermental study
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age prefers to have eues for performance and of the course of
performance from as many ources s possible  In partecuhe
it myy be that senataaty for proprocptive feed Lick
dimmishes  Tor ths however there i no direct evadence ns
yet, or, m fact, of signficanthy lowered threshold response
n any direction It 1s safer, though of course less satisfyng
to treat the demand for a greater amount and dnersity of
confirming cvidence as onc of the signs of the mereased
¢ wtion wineh 1s afleged to accompany adyances m age

It 1s more mtnguing to consider the possibity that the
range and function of anticipation may chnge with age Ve
Iave deewsive expenmental evidence that fir wd away the
maost mmportant eharaeter m shill performance 1s what has to
be called its temporal structure  Lhe way m which am stem
of shill 15 dealt with depends upon ats relation to preceding
and succcedm,z ttems 1n the sequence of which it forms a pirt
If a signal for action 1s gy en at an appropriite inters Al before
the moment of action 1t 55 the resting time between move
ments 1 one direction and another whether of muscle or of
mmd thitis sigmificantly redueed It 1s a reasonable sugges
tion that the general effect of accumulation of experience 1
to enhance the mfluence of preceding items m any shitled senes
and to depress that of succeedmn,z items  Fhere may therefore
be a retraction of antierpatton range with age and of this 1
so 1t would undoubtedly produce just that preference for
<horter advances and more and longer halts which older
performers are hnown to show But only further expeniments
can deerde

There 15 yet another possibiity  Evers human action
exlubits a charreter which mayv be most foreibly deseribed
asa potntof noreturn  Lhat 15 it reaches a phase beyond
which putti,s m new signals produces no cffect whatsoos clr
Before this stage 13 reached there 15 a range witlm winch
meomg signals produce actions but the action 1§ m:\\t
wjusted mistakhe 1s made It has become o matter of :.,rt("'ll‘
theoretie and pretical mmportance to deternune both ;q
absolute and the relatrve  pomts of no return for ail hint
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Barlett 14 quute true that from the fifties upw ards, the att‘u?pt l&
mtrmduee new cond of new types of 3 ot ts
U3edy to be met by a relatwvely long learmng stage  But T thin that 2
shout 1be only thang that we can say sbout that Most of the worl T
we have been dang wmvehes vepetstive activities which have
completely leamnt.

£ p‘ n:t);r In that connection, and relative to Dr Teelford's \mr:&
we have been doigg S0Me m1ze expenuments with rats  We hase i
1o ¥tudy Lwo problems: leanting st different ages 10 a multple T n;‘axu.
snd relearmung or memory of it at dufferent stages durng lfe  Vie have
foundd alighitty lower lenrning m evtreme old age, but the most interestag
thang was that cettam of the old animals, about 40 per cent of the groups,
were not sble to Jearn ot all when presented with the maze fox
fune 1n old gge, whereas the ofher 60 per tent learnt st within the
aornat Tange sithough Tather more slowdy than the young w45 The
second point was that 1n memory tests with groups of sats «hich had
Yarnt the maze at different ages, agaik 1 extrerne o1d sge about 40 per
cent forgnt the tash aluch they pad learnt w earher life, and were quite
whle 10 remnember & whettas the other 80 per cent of thal same
gtoip remembered ay well s the younper rats I don't hnow how far
Ut rormetaten with the wark of Dr Welford

Bartlett 1 didnt sy anvthung abaut the learming side of all thus,
W oo «-~* tale spectal precautsons what you discovered
x L wan beings  That is to say the
- - T ~\ler pge are
. © relatively
Vosny ¥ the otget 4. ndittons of
fearmiing us the young they ether lati yu

baps faid ta
Yearnatall Butsolar the evidence 18 that this 18 mote s Yusstion of the
cotditsons under which the tests are guven than it 1s of sy absalute
ayRcy \o fearn b teems extremely hhely that as far as human
Leings are coneerned, there s no partieaiar reason why penple shouldn’t
R 4w keattung thingy as long a< tiey hive, or at any rate up to extreme
Od age provided thev are given conditions of learning which are
w‘\xi:e {ur their partieulre range
thenk

vaditions §o the age mnge that 1
1hat with yat experiments 1 tonk, but & Intle easter 10 do 3t wath

wean expeniments  The whole programme of our unit was to be
cuteerned dsp with learmng sod we have got » good deal of evidence
#bout the learmnR processes whuch sre charactenstic of ape ranges, and
e centatnls ase dufferent 0 hummsn bemgs for diferent age papgen
lu; ‘:1 haven ¢ tane 1o 5y anything sbont 1hat, :

ket 1 suppose wn the case of the anmal expenments the stymal

#5nhed o learmi0g 1 the same for 3 oung as larxg!‘fl. is1? Loss sﬁw‘:
o allyng, ko @ tank 9 wates, o Whatever '
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Jtertlet! Yor th most part, our muted work was carned ot with
shalls that myolved the notion of teacking You have an objeet which s
moving in a gunen direction, and sts movement ether has to be pro-
gressively follawed or controlled mn some wav. Then there was sn ex
tension from this, and the things that T have spoken of have been tned
out with a consderable v aniety of bodily stalls, wth 5 good many mentat
shails mvolving mesnory and asticipation processes proper, and they
have alsa been taken 1nto the factors and apphed te repetibve actuies
such as are invohied i psserably work and comeyor belt wark The
sune features have occutred over and over agiin  The thng wineh 15
vanable 1s the mterval betwcen a moyement that 15 required to focate
sometlung i one posttion, Jet us say, and then take it from that posthion
to another The same tlung occurs w connection swith & fat of shalls i
games, wiuch we have stndied It also occurs In & good many aperitive
procedures in the lboratory, where what you hiave got to das teloeate
a partiealar thing that you want to da sometiung about and then move
1t mto a given position n refation to sometlung else A shatled process
abwnys mvolves o sequence of movements mental of phyucn[ wter-
spersed with changes of direction, and it 18 the halts between changes
of direction that are the most unstable feature, st is these which are
most affected when whiat we eall tsredness or fatigue seis i, whueh
are most snfluenced by drugs, and which become more marked with
mereasyy age

Franilin Is there any difference between the sexes?

Dartlet: None at all, as far as we hnow, but most of these expenmients
fisve been done with men in the factory and w the laboratery  But
whereyer we hate hind older women they have shown the same chameter
Istics, aud there doesn't seem to be any important difference at all

Lens Hasve any of these studies been carried out on people whae
mental poners were obviously fashing—perhaps in the enrly stage ©f
dementia?

Barlldf Do we try to heep awny from that as far as posable and to
have @ tange of people who would sstely the requiresnents of nomnt
mentality Ve huve Lept off people wih speeral disabrhities becahe we
think, bt compheates the picture at ths stage [ think 2t poswible that
you would have these things hitppening but o pood many other thungs
supersmposed on them as well

Lews I was nondenng whether sinee these are centrnl happemngs,
they would be more evident people with dementia

Hartlett Yes, 1t could be but I don t know about that

Franhien Tow for does the ageing of the eye come nte ths?

Bartlett Sinee we have tned to heep to people with normal €3 Nfgmi
we have no evidence that ans thung very ‘mueh is dependent upon VisuY
responses ns such, except that thie optimum dhstance of the signal for
action from the viewang point will tend ta go n bit further away

Stoch Do jou think that the woy to tooh for age changes 18 in an
activity that ts well practised in the individual, ope that he has done
repeatediy? Or nre you more Likely to sec age dulferenees when you pres
sent him with an entsrely new activity ?
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it
Pathes Tn general are assembly Jine types of Jobs unsuitablc foz of
people® .mﬁ 3t be too awkward to ush whether there ss any evtd;r;c:
hatthe nezeasing e\';nchh:&: dlhfm” ot burth 1s brnging Any neres
expectation of potentsal worlang hife’

m{ﬂ 1 dgst thank 1t mfuld be possible to give an absolutely
eateponcal gnswer Yo that  The snd are that the u
expectation of We has already lengthened the potentinl working fe,
when you mmean by the potential workang hfe the pentod duning w tuch an
wod vidual may be of econome service in a community 1 think s 15
e but ¢ 15 an opimion rather than anything that can be definttely
proved. But 3 seemms 4o fe cestan that the teo thungs must go to-
gether because the smereasing expeetation of fife ss simply an expression
of meteasing fitness of hurnan betngs. At feast I think that is true 1
dont beliese~thus 13 agaims s matter of o7 wwon—that the inerensng
expectation of 18 ss very much tied up with the fact that the older
peoyle are bewg better looked after I tunk 1t is that they are
polentially, much more setrve than they umed to be

Parkes The e as 5 e
of the mcreasing control nf diseases whieh alled cluldren of adults
thesr prue ot of the control of senescence

Bartlett 'The question of whether in fact berause people could go on
watki for fonger sath sat 9 Lo LY fhes Ao s .
£ ntothe commumty they will be expeeted to do that 1s quite another
matter of course f thunk they will huse to

Sdhwlz Y v o mention & problem of the psyehology of ageing,
wt chseeros tobe etome that 1s the thanping of the psyciuesl
conceplian of the speed of tune as & function of agetng Al of ug will
remenier that when clnldren we considered a holsday Iasting six weeks
a0 almost wltnte space of tume  As sdulis se experience NOsY an
spparent sharteming of our sdea of this pertod  In old age we shall feet
e same space of time 10 be a trtle

Thus fact may tortespond to the change of our mental attitude to the
coure of tmie 1 generst  In clubthood we ste Inving merely in the
Frosent anid sotuad events sewe upon aur fancies  When we grow zdult
e future achienes more and mote pred snanee m our minds whereas
B eiderly are Joching back and lose their power of recollection of
r;rnt events Thys quich fetion change of ouy spntual 1dea of time
“': ;n very anteresting phienomenon and 1 wonder if any expenimental

has teen done m this field to realize the scceleratton of our
¢ ternad thrvnometes

Bartlett 1 thunk, that thers sre a fob of sovestyzations sbowt this but
in 0 far ac 1} me have been experunental they are not ternbly con
Ninring 1ty vers dillicult to find any way by winch you could get
’Xg;mmn\a PR tlrareut messurable resufts,
ok This 1s rather an evpression of the Weber Pechner &
it The by 3 total Wespan is ten years so that pmpwmon:(c:?‘;' ek
:a‘wmu o large part of 1t whereas the fifty five yeac 01d 1ndiy 1dual
& ot of yeqvs ko base his fudgment on, and 5 wesk Js. ouly & small
Portion of his tatad Bife expenence Accordingly, one would expect the
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J Jerzar Yes Itw o hunir motheiton snt very evtreme dail
fisting

DParkes And that agun makes the penslty for tuling to lexrn Gtute
Aeflerent Srom nhat might be apphicd o human expennients

J 1ervur Yes. But we were interested in these maudutl differences
that some ol bevsts could stll remember and others had total loss of
memory

Puarkes Docs that hind of sunction mean the same to an old ammat as
to i young one?

1.f ¥ erzdr There s admatied]y the possibility of an age diffcrence
there
Plarkes If I vemember nghthy, Sir Yredenie one of the onmnal adess
belnnd this projeet was to find out nhat pasticolr jobs of 1 peoj le sught
be swtable for I tahe it that the nnswer 1s stil rather in the futore,
s st?

Dartlett 'That w guite true but T thush the very general answer &5
that provided one aveds the difficnilies wmberent i a great many
cnrrent mdastanl processes of rymd forved premng there are probadly
practicath no jobs for winch the upper age rmnges are not suitabie

Parkes Provided they are taught appropnitely or allowed to take
thngs at therr own pace?

Bartlett Trovided conditions of operstion ate readyusted at the nght
age rngre  1f one Jooks at the structure of Brtish mdustry —if we are
talhing about the practient side of this—at the moment one of the most
astonishing things 15 (it 15 reported over and over agan nnd is T thuk
quite detinitely established) that there 13 & very great proportion of
older people domg heavier work and dong @ sueeessfully I dudn t s
anythang about hewwy worh 1t an posnt of f1et 1f o man remuns it he
seems to be perfecth capable of gowng on damg heavy woth provi il
hie can da it s onn tune A great apount of the heavy werh m
mdustry nt the moment 1z done at the operitat s oun pree Sothni
ane of the many reasons which tend to make the heavy work be passaid
over to the older prople

Parkes Dors that mean that old people now are more capabic of
downg heavy work than old people were previously ¥

Hartlett Mo 1den t think there 13 nny teason to thunk they are more
eay able of doing henwy work Fhey are more capabie of dosng stw wotk
and most benvy vorh 15 sfow work  There are ather reasans W

that aff the fieavy yobs i1 o moderu sndustr »? »r

unmechawwized and ofl the £ re

people getttner > .

who havent - s

Thet ¢ gong s ur beenuse there re
s herefore of one 1 lookmng ot this

fener and fen
thang i a pr o sense the really smpertant thing is not to bother

hat
ey mauch about the heavier work at the moment but to find out w
c‘:on d be done gsen proper conditions ith the tvpe of actimty which
15 obviously gowng to predominate n the communty i o few yenrs’

tune



ADRENOCORTICAL REACTIVITY IN AGED
SCHIZOPHRENIC PATIENTS*

U Freemas, wo. 6 Preets, won, ¥ Eimapatan, wo,
o Lousse P Rowvanorr, a s
Borcester Stale Hospual 15 orcester s and ¥ arcester Foundation for
4
P

Prrviots imvestigations by Pineus ef ol {1949} and
Hoagland el al {1953) have desertbed abnormal findings m
adrenocurtieal Tesponsivits i voung and middle nged scluzo
pareme patients  The present paper deals with a stedy of
sdrehocortienl renctivity s clderly normal and ehwrophrenic
men o determune whether senescence modities the results
obtawed wn the \ounger groups

The normal subjeets included 34 men, rangug 10 age from
S5 1o unety oue vears with n mean of sex DYy SI1X years
who were obt uned puth from the community at large and
BRI from y ome for the a.cd AN were achiye and were
free frome - obnaons dive G Cxept the usual stigmata of
the Bty proces The patients 33 number, were all
adents o the Wareester Slate Hospital  They ranged
B2 from 9ty 1o gty one years sith a men of sixty eight
fan They hid heen contined to the hospital an average af
3w the Ty bewe 10 1 ta 49 6 years The majonty
Tthese patents wir of the paranod type, with a seattering
Hthe ather waaad subts s A3 the panients hiewse, for ther
53 wer m pood phyvsaical condition They were a selected

EPU G s far 1 co operation was an essentral element for
e compl 4 0 of the studies

Data on young subjects are
ekided iy this study to exemphiy specitie points as to the
BN, prrocess

MUt et n descnibed i this pa
TR R te Lommitiee Kt Reseaych
Bl ety Service (111059 wnd
frora e Amaeniean Canerr Sacet

e e been aided by grants fram t
I Dementia Precox the Unted Qu\:
M657) and by an mstitutional goant
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boy to regard n week as much longer than would the fifty five year old
man

Burtlett X think the truth 15 that anteerpited tme and remembered
tune—if we mean by tune o tine span as mensured by a clock or some-
thing of thnt kind-—appenrs longer ta the y oung and sharter to the old
bit experienced time thot 1s the span within which we e sppears
shorter to the y oung and longer to the okE To oy oung cluld, what tosn
old man 15 a small pertod of snticipated time scems long, or o sl
pertod of remembered time moy seem long, but to the old man whatsa
relatively short pertod of lived time may scem to be Jong relative to
whit it 13 m the ense of the ehnld  However, ususlly tlus is held to be
dependent upon the number of items that fill up on intersal Youcan
do tlus espesimentally, 1f you Ithe, 1f you have on ntersal which 18
started by & sound and termmnated by another sound and 3§ you fill this
suth a series of sounds, then the apparent Jength of the interval s
dependent to a Jarge extent on the number of sounds thit are used to
{1 up the mtervad  If you don ¢ fill 1t up ot all, then it always seems a
much longer intersal 1 thiak that 1s true for sl ages but in generat the
smtervals m a young hife are fes fully fiffed up thm they are in the older
hft, until 3 ou get to retimng nge, when time then may appe i 1o o more
stow];

La)r.n T think 1t has been found that prople s subjeciine impressiol of
how tane s prusmg s not refated m any recoguizabile way Lo ther actunt
Judgment of how much time has psed between ino specified mtervals

Bartlett Yes, that s the case
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ape eitemones  The hasal values for the young groups are
almost tciee as preat as the eorrespondmg s alues for the ol
grupy  This 10 to be expected on the basis of the greater
muscular mass of the young subjects, although & renal factor
mas be ipheated  The normal subjects, both joung sad

‘Table I

Mesw CaPATIINE VALUES FOR Y 0TNG AxD (LD NORNAL AND SCHIZAFARFNMIC
Wy Preine ACTH Avp Grtcost, Topmraser Tes

LR

rma 164 Y e
~iw 3

ACTH
v wory Corotrms 4ty
worer | s | sory Crratimne (1
| bt | wwe | Ahr
931 “ormat 182t 1 gan 1 83®
etz 15 1 57 142¢
“©m “vormat 1 oy 3 do1 1 200
pehiz L2 1z 1 370
CTLCO%F
P~ S I L rinary Ceratvmime 18 24 hr 3
i The | an
e Seruat LRty 1 a5 Yoo
“ctur T 165 17
0w i

145n
1410

I Ruinedd 1tg ces oebwate o ber ot alageets

O exerete shhth mare ereatimng i the basal state than the
otrependin: pateent groups but the dilference 15 statists
calh yamficmt anby brtween the tyo groups of soung
subygecn J:d
The wloumstetion of ACTH reeults 1 no essential change
B the vadrs for b vounger groups hug daes show 2 definit
merced o the nmounts of crestimne excreted 1n the “\f;
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‘Two test procedures were wsed: (1) the injection of 25 ma.
of ACTH mtramuscularly as a direct means of studying the
cffects of the shmulated adrenal cortes, {2) the ingestion of
ghucose, using the Exton-Rose technwque, which acts on the
adrenal cortes presumably via the anterior putuitary, In the
ACTI test, under fasting conditions, measurements of
lymphocytes and cosmopluls were made smmedately prior
to the myection and one-half, two aud four hours after the
injectton,  Urme collectrons were made fram the perod of
awakemmng (after diseardmg the first martung urine) to the
tie of the injection {nyverage tune two hours), for tuo hours
after the myection, and for another two honrs  In the case of
the glucose tolerance test. the hymphocyte and eosmophd
counts wese srade before the wmgestion of the first 50 grams of
@hueose, a hall bour later just before the mgestion of the
second 50 grams of glucose, n hnlf hour and two hours after
thiv. Unne collections were made for two hours before the
onsct of the test and enllected dunng the first hour and the
sucecedmg two hours after the mgestion of the first dose of
glucose.  In the urine collections anafyses were made for
ereatimne, soditm, potassim, 17-hetosterouds, corticosterosds
as nentral reducing hpsd and morgame phosphates  The two
tests were done three day s apart, the glueose tolerance alnays
bewmg performed first so thot no readual efiects would be
obtamed in the second test.

Belore discussing results whieh deal largely with annaty
metabolites, & first consideration m the aged should be an
evaluation of the cfliciency of the reual exerctory apparatus
Previous vestigations by Shock  (1946), Danies and
Shack (1950) and Miller, McDonald and Shock (1953) hase
mdicated a deerease m the functional capacity of the hidney
m the aged. It 1 with ths pomt m view that we have analy sed
same of the data concernmg the exeretion of crentimve.

The mean values for unmary creahnme durmyg the ACTH
and glucose toleranee tests are shown mn Table I The subjeets
are divided into two groups on the basis of age, and further
subdivided into normal and scluzophrense men in each of the
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Table 1

Rewanoseare Beoweex Basal VALUES rum Caparnvse AND Ornrs
Univany Merasorstes v FLoesey Mex

Urinary melabolstes Corr corfficient®

Creal nne ve 17 ketosteror 1s
W cort

w5 potasmam,
\s fnorzan. plosy hates

*Wcorrelation eorfficients are st sticatly s i feant

a0d unc sl Thas degree of co vanance furmshes rddional
eadence for the renal onmn of creatime vamatton w the
aged As a result of the excellence of the refationsinps, we
e andysed ol the uonary data on the bans of creatmme
tatios and they il be so presented

The mean valtues for the two groups of subjects dunng
the LTI test are shown m Table 11X

The normal subjects have bigher mitial leyels of eossmophils
4 finding noted i younger groups (Pincus efal, 1939}
The difference i not statistially siznificant, bowever, m
s proup  The cosinopenta follons stmilar trends m both
s agac with 1o statistical sipaficance Tiis too, has
aha been notrd yn younger groups of subjects by Pmeus et ol
913} and Hoagland of al (1953)  The response of the

ik of ACTY cannat be used,

) 1o the
thercfore s o pomt of differentiation between narmal and
<chizoptnme subjeets at any age  Agemg wself apparently,
b no uficet upon the hasa) costnophit lesel pecording to
Otbnch (1047} or upon the covrtpemic sesponse to ACTHY
{Solomon and Shock 1919)  In connection with the magnt

tade of tins vesponse (o 48 per cent fall} note should be
taden of the dwenal sanation iy eosinophils obsened b

Stevenwon Metealf nnd Hohhs {1833} that fram & 00 an?nr
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older groups  An analvas of the ebange m values from the
basal level to the two and four hour readmgs shows 1ttty
cally sigmficant difference between the voung and old scluizo
phrenie subjects but not between the young and old normal
men

The greater excretion of creatintne following ACTIL n the
aged may be influenced by the differences m the mitial levels
between young and old  There 15 a negative relationshup
between the basal v alues and the ehange n four hours so that
the lower mmtial values show greater changes than the hither
basal values Correlation coefficients for the four groups are
as follows 3young normal, —0 23,3 oung schizophrenic, —0 €C
old normal, —0 67, old schizophreme, —0 66 Onh an the
voung normal group 1s this relationship not sigmficant

The data on creatinme exerchion following the ngestion
of glucose show the same trend as with ACTII (Table I}
Agan the young subjects, both normal and sclizophreme
extubnt no sigmficant change m values over the experimental
period wiile the old subjects show a distinet merease  The
merease in excretion at the three hour pomt 1s signuficantly
higher in both older groups than for the corresponding
vounger subjects Further the relatonships between the
basal values and the changes at three hours are of the same
order of magmtude as m the case of \CTH

It may be that the mtially hizher values of the voung
subjeets represent not merelv the deaadation products of
areater muscular actraty but also a more eflicient ren i
mechanism wlich under stress 1s able to mamtun a gnen
level of excretion  The ump urment of renal function n the
old may be mamfested m an mabihty to resorb the inereased
amount of creatmine presented by the stimulating agent

Not merely does ereatinine vary but the other unmnary
metabelites yary withat In Table IT are shown the relapon
ships between basal values for creatimne and the other
functions studied, m the old normaland schizophrenicsubjects
The correlations are of a good hugh order of magmtude, the
Inghest relationslups being obtamed mith phosphates, sodum
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“Table 1

Revamoxstite Uerwesy Basat, Varoes For CREATNDE Avn OmEn
Usresky Metaroures v Eupesty Mev

T rnary wetaboluirt

Corr uefpesmnts®

Creatinine o8 11 ketosteron i3

40 68
cortm +0 65

¥ une aad -H‘; g‘

W sodam + 44

At patassum o

¥3 {norgen, phost tates +0 73

Al ot ti o corfirienty ave stat diealhy s g Besnt

and une sod Thos degree of co vanance furmishes additional
evidence for the yenal ongin of creatimne varation i the
sged  As a result of the evcelience of the relationships, we
Trive analysed all the utimary data on the basis of creatimne
b aad they waill be sp presented

The mean values for the two groups of subjeets dunng
the ACT1H test are shown m Table 11

The normal subijects have tngher inttial tes els of eosnopluls,
a finding noted m younger groups {Pincus el al, 1919)
The dufference 1 not 1) fi however
ths mroup  The cosnopenia follows smyar trends i both
Zowps apaen with o tatsstieal sygficance This, too, has
alv; been noted i vounger groups of subyects by Pincus et af
{1313} and Hoaglwd o8 & (1953) The respanse of the

phats to the ad of ACTII eannot be used

thercfore as o pomt of differentiation between normal and
sehzophirenic subjects at any age

Agetng itsclf, apparently,
fas na eflect upon the basnl cosmophat level atcording to
(Hlbneh (1947} of upon the eounopenic response to ACTHL
{solomon and Shach 1949)  In connechion with the magm
tude of ths response {a 48 per cent {all) nate should be
then of the dimal sanaton o eostophuls observed by
Nevenson Wetesl aad $iobbs 13053} that from 8 00 s m
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to naon there 15 a decrease of 21 per cent in the eosinophil
tount,

The lymphocey te values (Table I¥1) hlewse show no sig-
mficant duferences esther m mitsal or i the post-injection

Table 11

Varess ror Buoon anp Urivary MeTaseystes v Bunenes Nogwaz avp
besszoenarvie Men Dunive ACTH Trsr

¥ arwable Subject Basal hr Thr 4hr
¥l oxfnophits vl B o T 1
N S i e
RS g ) | Norm T o BN
Creatnine (g ) Sehiz 5w 3o 4 73
ot g1 | e w2 ag SRR YO Mt
fa “Crentinne () | Seha o3 1gh 3 310
: TUre \ad gne ) neem | 530§ e | anw
&1 “Coeatean (27 | senie e 490" P
£ Sodwam tg 1 | ~oemn | T ey vy
| Gty | s | so engn f e
i Fotassinm tmg 5 | Sorm | 2833 ST Ry
B} Cromuine gy} sauie e s fevwrw
= § Phosphates img ) | Norm R0 Aol 1Y e
§ ] Catiune e | s | e o Qe

Tuex feom the

N B flaise d figures represent qumber of cases

values between the nosmal and the seluzophrense nien, This
negative findmg bas aléo been noted m younger groups of
subgeets (Hoagland, ef af, 1958).  Agemng apparently does
not affect the Jymphopense response to ACTH, s both
Solomon nnd Shook (1919) and Pincus {1950) have found

In regard to the 17-ketostermdjercatinne ratios (Table 1y
the basal levels of the patients are higher than these of the
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aormal subjects as 18 true 1 the jounges groups studied by
Pincus et af {1949} and Hoagland ef ol (1953) The response
15 ACTH 15 an increase i the normal subjects snd a decrease
w the elderly schwzophremc patients There are, howerer,
no stetstically sigmficant differences between the normal
subjects and the prtients ether wn the eontrol values o7 m
the trends after the mjection of ACTH A similar lack of
differences w reactrvity has been noted between young normal
snd schizophrenie men (Pineus et af , 1949}

The difference m trends between the normal and scluzo
phremie men mav be due 55 has been attnibuted in younger
subjeets (Pineus of af 1949} to a factor of adrenocortical
dysfunction Bt mav abo be related w this older group to
the difference w the mitial levels between the two groups of
subjects Whale 1 the younger subjects there 55 no relation
ship between the basal values and the absolute change at
four hours 1 thi group there 1 & negative correlation of
tzh Anlue (r= -0 78) The normal subjects with thewr
mitial L tulues show ncreases at four hours, while the
patients with ther mbal lapgh salues show decreases  This
relationstap bolds good 1 well for the 17 ketosterosd values
wlone us for the ereatiming rahios

The busal v dhues for the neutral redueing hids or cortins
Table 1) “how @ stzmbesnthy agher level w the ebderly
shusephrene patients While the normad subjects show 8
greater vt after MCTH than do the patients the trends are
et sirmbeontly different Thas o true for vounger subjects
alv {Pineus ef ol 1089} Apan the shghtls greater reaetivity

f the normal group ms be due at least 1m part, to the
& renee mothe tmtind lesels There s o negative relahionship
i 0 37) between the imtisd values and the absolute
ehiat nat fHur hours, so the normal subjects, mitmally lower,
elatat greater mcreases than the patients ’
ol e o et e (bt 1y
® el wnd pwvehetn men \ﬁerm!!im l;\eh of clderly
ACHH there 5o an moreree 1n th et rstrtion of

. e exerehion 1 both groups
1"



226 I'zoeMaw, Pinveos, Duvanaan avs Rowivore

which 15 greater m the normal group than i the patients,
but not to a statistically sigmificant degree  In yoaunger
mdinaduals the normal subjcets show n sigmfiently greater
response (Foagland ¢l ol , 1953)

The greater reactinity noted m the response of the normal
subjects 15 not due to nny influence of the imbial level Mo
relationslip can be demaonstrated between the control Ievels
and the magmtude of the change at the four hour readmyg

The sodmmfereatimne excretion data wm Table TH shau
wlentieal basal valucs for the two groups of subjects  In
younger subjeets, pahcnts usmnlly everete more sodmm
(Puweus et al, 1949} Ther response to the mjection of ACTH
s distinetly different  The normal subjects show n steudy
rise, more marhed m the first two hours, the fnal level
reached bemng an inerease of 65 per cent  In the ease of the
patients, there 15 an msigmficant r1se at the two hour reading
and then n decrease m exeretion to o poms shghtly below the
mitial level At both the two and four hour pomts the
response of the normal subjects 1s statistieally significnth
greater than that of the pattents A sinular fesser responsinaty
15 characteristie of young schizophrenme patients also

Agamn the responsn ity of sodium to ACTH 5 mdependent
of the mutind level wmd sinee bath groups base the same mean
basalvalues the differenee in trends is therelore more strhing

Turning nest to the data on potassam creatmine 108
(Table 1) we sec that m the basal Jevels the patients
esercte n lesser amount than the normal subjects  The
reverse s true 1 jounger subjeets {Hogland o af , 1053}
After the admuustration of AUTID the exerction 15 mereased
m both groups, but sigmficanth more in the normal subjeets
In ths respeet agmn  the groater response of the elderly
normal subjects as compared with the patients 15 a reflection
of what has been noted m younzr subjects (Pmcus ef ol
1049) The mital level piny s no role i the greater responunaty
of the normal subjeets there buny no relationslup between
the control satues and the mwount of chnnge at the four haur

pomnt
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The phosphatejetertinme atues (Table 131) show ﬂ“)t ‘:;i
neorpl subjetts Lnerete twied as much sorpanse phospha :
on 2 creatiune s s do patients, 2 statishically sygwadt
cant difference  Mter AUTH the normal subjects show no
inerene but rather 1 mild decrease, the patients show a
strihin mnerease  This difference i trends 1 staisticalhy
nomificant

The lesser excretion of phosphates, mn the basal state, m

hizoph pttents 1s a ph through
out the vanous age decades {Hoagland ef of 1933}

The exersaine phiasphate exerction of the patients after the
mjeeton of ACTH has 2l heen noted i the sounger groups
Roagland of of 1953) To what extent this s a festure
wherent s the sehszophrenie pu chosts 15 howes er, 2 question
Like the 1T hetonterods and the eorting there 15 & negative
rhtumsdnp between the wipbal levels and the amount of
thange after (TH the corrlation cocflicient bemg —0 64
Tor phospliste <alues alone re= —© 55  unee the pormal
subjects Base the hugh smtial levels they show httle cffeet
Trom WCTH while the schwzophreme patients with low control
tslins show mereases Tl grreater renctnaty of the patients
t ACTH mw thue b gt 2 veflection of thete uatiat levels

I normd men there has been noted an all the unnan
Rk hohtes w decro e oxerction 1 dues wath adsaneng age
Pacas 130 Rk W39 Namidton and Hamilton 1918,
howalosvhe BH9) A pmnt of mitcrest 1 whether ageing
affects sehvapheenm ptients n Has regard oo mueh as normal
idnwdude dn Table IV we have shown the mesn vatues far

W varans Constituents msouny and ol normal and seduzo
hern L Wy

In o rder to munmmze the it mdnadunl cimton, the
ontn

Fvatics £ r soveral sty have heen grouped for cach
et snd o imdndu s nean tohen
The bt of the chians from the voung to the ol roup
moesprosed onoaporeeitage basts i the fit bine
Sseratponits anoofanterest The ere winne andd shosphate
L an Laeran the patieats consntontly b sodim and
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Tal
MEWVS oF Basat VALUIS rur Univagy CoNSTIRRENTS ¥

e gro ¢t reat oAy fartn
Yeary fr 232} Cribry (g 44}
A Al A} Y Ay s
10-30 1 808 Lepnt gspnyf g~ of gooi
6o 9o 1 0m O 87 a 10 o 1~ 21

Yercent change
from yo 1wy, to
ohi —~31 —~47 —~a% -0 ~-3n +

NB R 1¢)0g rescepresent o p bet of tests

potassium values are lugher w the young patients than m
the voung normals but not m the old patients The cortin
values are lower m the young patients than v the opposmy
group but there 15 no essential difference between the tno
groups i the old population  The urie acid v alues are essentt
ally the same for the two groups for corresponding nges  The
pereentage changes show that with mereasing age, decreasint
exeretion appears m approximately the same proportion i
the normal and schizophrense groups i the creatuune, 17
hetosterowds arie aeid and phosphates  Ihe cortins show no
deerease 1n the patients an imdiention possibly that the
portion of the adrenal cortex 1 functionmy at a low level
consistently throughout hfe  Fhe sodimm and potassum
decrense more w the patients than w the normal subjeets
primarthy brenuse of therr hizher values m youth  Thus it s
only in the corticosteroids and nunerals that advaneiny ag¢
affects the scluzophrenie subject differently from the normal
subject

It ts cvdent from the pereentage changes that acng could
not be expressed with the ereatimine ratios stnee with the
esception of the 17 hetosterods  the creatmne decrense 15
suflicient mn magnitude to nulhify or even reverse the tendency
to a decreasing exeretion with age
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Pt prosphatr
ey (g ln )

A further pomt of taterest 1s the guesiion s 10 whether
whupphrenie Prtients show a change v thew reactinty ’m
T as they Trom ofder Prevnons soudes by Pusens (1950}
wnd Solomon and Shock (1949) on agemng w normal Mmen show
that the adrenocortseal responsinity 13 essentially unaffected.
athotgh the fatter zuthors obsersed some deficseney in the
enal handhins of the une aoid - Anatysis of the data for youny
ad old norm st and scluzophirenie men bears out this con
chusson for prutmsaibv In'Table Vare shawn the percintage
thanges from the brsal values four hours after the mjection
« WTH 1m voung and old men of the narmal aed puy chotse
frupgs 1t evident that for the normal subjeets the only
warked changes W ageng are o lesser teactivity i the
excrettan of upie acwd and in potassum  In the patiehts, as
B reanit of senescence there 1s a moderate metease n the
Potassrn exeretion s decrease wn the phisphate exeretion

ey conetude  therelore, that an the whole, selnzo
3heemie panionts show the snme degree of seactiy ity to ACTH
W old nge that they do 1 vouth and that shateter aspects
;'z\l'«\rr Feaprnsisaty they cchibit are prevned throughont

e
Biter it ntneo the

«flucts on the sarons
functwms, stukeed Bave been witally Tadanz 3t seems that
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each function operates independently of the others  ow
much of tlus 1s dependent on technicl varistion and how
much 1 due to mherent differential effects of adrenocortical
reactinity upon the various target organs or physiological
«ystems 1s 1mpossible to assess It does, however, make it
difficult to determine causal relationships

Table V

MEW Varurs For Per Cevr Cnaxcts rrov Basat Imvics v Univam
METARoLITLS/CRFATININF RaTiOs Iour Houns AFTFR TRE INJECTION OF
25 st AC1H v I Lorruy Nonaat (N) aNp demmizor nrevie (9) Mev

tas 1~ RS Cort n Lre ted Sod _m Totassum | Ihosha v
“roopy Creal Lreat Creat Lrrat Lreat Cyeat
Years [ N | s | NS v s TR ST AT TS TN

19-3) | 425 +°1 W 464 ] +11 ] 430 o) +1o4) + 7| -1 +I3

60 13 { 42,

=

o

Fo |+t [y 415 ( ves]| 10| 403+ 2

Ilie data on the response to ghicose 15 shown mn lable VI
S0 fr as the blood sugar 1s concerned the trends m the tno
groups are quite stmular cxcept that the patients show a
significantly greater clesation at the one hour reading than
do the normal subjects  This decrease mn tolerance 1s charne
teristic of schizophrenie patients also (P’mcus ¢! al, 19%),
1 reeman and Llmadpan 1950}

One of the usual concomutants of ageng 15 a tendency to
show a diabetic Iihe blood glucose trend, whether suanr
given by mouth (Smuth, 1948) or ntrar cnously {Smuth aud
Shock 1949) In young normal subjects the thirty mute
value 1s usually lugher than the sixty munute reading Inold
normal subjeets the thirty nunute reading 1s Ingher than that
of the y ounger indiv iduals and the sinty minute valueas further
elevated over the thirty mmute one  In young selnzophrenie
patients the sixty minutc re w1 usually I her than the
turty munute lovd and m old sduzophrent subjecty the
trend 1s exagrerited  Lhe fictors cursing the reduction m
glucose tolerance of the schizophreme patients are unhnown
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Oue possabile eause has been thought to be emotional tension
wlich has acted 11 the hypothalamus on the anterm;
ptutany, stnulating the production of corticotrophins an

2} § sterouds ¢ w gl from

g &

Table VI
\ORUAT, AND
Aatres 70 Mivop avp Lareary CoNstrreests x5 Pineecy
“cwosimexic 3fex Durene EXren Ros Grocose Tovenance Test

¥ ervabie l Subpeet I Hazal ‘ e 34 36y
s 4o 41858 13
:r“l:‘;‘ }51“ e o5
Faongt 53 3 viow | et T
Pt \vr’: oy 103 1067
S 207yt “11 B¢ 28990
g o ‘\r’ 2 a3 12905 2R13%
[ESTTR e o
Lerst e 49 ) ki 4 0=
[ R T
(ratonete § wis

treard mp |\ om
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* preey i

RTINS sor et

HES R Tegnae | v
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23 Totamsun tmg 0§ N R g ez

! Crratin e g wha (LI (112 apan

A FLUFTWI R eqrem BN S yrem N
Cratam g fowia | oepas - ro—

PN astnll ugn fieant d fer swes betoeen busal 4 afs

us 10 the tws groupe

brtween the changes bn the 2 or & bour valurs trors
o o
NI Bt fare sy vewnt s bee [ ases

intun In older prople 1t may he that the climmation of

o B the hadney snd not the production 1s at fanlt
Saxd 110y

At aes rate both the factors olved an the
Pvehionis and mosgony result i the nruntensnee of a reduced
o e s the Qderds paachatse grou

b the connapbitic sepanse {Tabe \ 1) the normal subjects,
mamin tose n hither (bt not sigrufieantly so) instial walue
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Ehe trend 1s steadily downward over the four hour pertod
There arc no sigmficant diflferences between the two groups of
subjeets 1n this regard A sumlar Jack of differentiation has
been noted w y ounger groups (Hoaglwd et al  1958)

Agemg plsys no role in the cosmophil response the deerense
bewng of the same magmtude roughly at all ages (Solomon
and Shoch 1848)  In view of the fact that the dusnal van
ation of cosmophuls results w a decrense of approvimately
21 per cent m the mornimg hours (Stevenson Metenlfe and
Mobbs 1953) and that the decrease seen above 1s about this
magmtude the effect of the glucose as o cause of the cosno
pema is somes hat doubtful

The values for the lymphocytes ave shown mn Talle ¥1
After the mgestion of glucose the lymphoe) tes show o drop
s values at the haif hour reading whieh continues for the
nest hall hour and then returns aimost to the onginal values
by three hours  These trends are swmlar i both groups of
subjects indieatmg no difference m oresponse Thus s true
ulso for vounger groups {Pincus of @l 1919)

The lymaphoey te response 1s 1n the maun & marror sma, ¢ of
the blood glucose tolerance trend  In the time relntionship
1o the glycenue carnve the Iymphoe) tes react more quickly
than the costnophals

In the easc of the 17 hetosterord/ereatimne rattos (Pable VI
the patients mitial salues are ngher (but not stgmiicantly so0}
than those of the normal subjects a finding also noted
younger subjects (Pineus et al 1949} In both normal and
schizophrenie subjects the values show a downward trend
more steeply for the patients so that the levels at the three
hour reading are the same  In neither group s there an
wdication of adrenocortieal stimulation  Ehe greater decrease
i values i the patients may be duc to therr mtmily fugher
values singe there v & nggatnve relationstup {r= ~0 voy
between the basal saluc and the absolute chan.e at tle
three bour pomt

So far ns agemy, ' concorned  the responst to gl
dummshes with streasmyg years 1he joungr worml
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subjects, but not the patients, show an increase at the one-
a1 three hour points while, as we have seen, both of the
older groups show a decrease (Pincus, ¢ al , 1949)

The cortinfereatiune ratios, again as n the case of the
ACTH data, show significantly ngher values wm the casc of the
patients  In the younger graups, the reverse is usually true
{Puncus of al, 1949) There 1s no Tesponse to the glacose,
there being & decrease at the one hour reading m each case,
the trend beng the same for both normal and psychotic
moups Ageing scems to play norole in the response to glucose
w this funchion, the younger groups bemg equally unreactne
to plucase {Pineus, 3950)

The unic aeid vatues 1n Table VI show mtally Ingher levels
of une acid exeretion 1n the patients, a trend noted n younger
subjects (Hoagland ef af » 1933} After the mgestion of
flueose the normal by show an m e
&t the one-hour and three hour readings The schuzophreme
Puents st the one hour show a shght upward trend and at
three hours & downward trend At the three hour point, the
difference between the wnerease 1 the normal subjects and
the decrease wn the schizophrenic patients 1s statistically
sgnifiesnt This lesser responsivity of elderly schizophrenic
Patients has been noted also 1n youn,ter schnzaphrenie patients
{Pincus ¢t g1 » 1048} The mtial levels of une acid/creatinmine
feretion bear no relationship to the response following
Rlucose o that any difference between the trends in the
hormal and psychotie froups cannot be attributed to the
dfterences mn their matial e els

In the values for sodwm/ereatimne ratios {Table VI the
Patients have sttty Iigher levels than the normals but not
toa ttabistically ssgnsficant degree Duning the three ) .
et period the normal aubJCcLshsh[m on zheg whole, . it m: .
;mld apward trend  The patients show o marked f’-;;ll ;te ::m)er
lmur. with a subsequent tevelling off of the values for thenext
*o boaurs  The difference 1 trends between the + }
::"""I’hmuc Zroups v statsstieally s mitieant ag u:::::rl l::::::

4 three hour reatdings  This difference 1n trends betwoen
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The trend 1s steadily downward over the four heur perod
There arc no sigmficant differences between the two groups of
subjects i this regard A sinular lack of differentiation has
been noted m younger groups (Hoagland f al, 1258)

Ageing play s no rdle 1n the cosmoplul response, the deerense
bemg of the same magmtude roughly at all ages (Solomon
and Shoek, 1918) In view of the foct that the dwrnal van.
ation of cosinophils results i n deerease of approvumately
21 per eent n the mormng hours (Stevenson, Metealfe and
Iobbs, 1953) and that the decreasc scen above 1s about ths
magnitude, the effeet of the glucose as a eause of the cosino
penia is somewhat doubtful.

The values for the lymphoeytes are shown m Table VI
After the mgestion of ghucose the lymphoey tes show a drop
n values at the half-hour reading, wiich contnues for the
neat half hour and then voturns shwost to the angwal values
by three hours  These trends are sumlar in both groups of
subjeets, wmdicating no difference m response  This 15 true
also for younger groups {Picus ol al, 1948}

The lymphocy te response is, 1 the mam, & murror image of
the blood ghicose tolerance trend  In the time relationship
to the glycremie eurve, the lymphocy tes react more quickly
than the cosmoplnls

In the case of the 17 hetostermd/ercatinine ratios {Table VI)
the patients’ mtiad values are hugher (but not sygnificantly s0)
than those of the normal subjects, a finding also noted n
younger subjeets {Pmcus ¢t al, 1640} In both normal and
seluzophremie subjects the values show a downnard trend,
more steeply for the patients, so that the levels at the theeer
hour reading ave the same  In neither group ss there any
indication of adrenocortiea) stimulation  The greater decrease
1 valucs 1 the patients may be due to thewr ytinlly hygher
values, sinee there 13 4 negative relationship {r= —0 0}
Detween the basal value and the sbsolute change nt the
three hour pomt

So far ns agemg s> conecrned, the response to glico®
dsmmnishes with wereasmg years  The younger noral
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subjects but not the patients, show an wecrease st the oue-
1d threehour pasmts while, as we have seen, both of the
dlder groups show & decrease (Puncus, of af , 1940)

The cortin/erentinune satios agan as 1 the ease of the
CTH data show sigmficantly tugher values in the exse of the
patents In the vounger groups the reserse 1s usually true
{Prncus ot al, 1949} There 15 1o Tesponse to the glucase,
there being a decrease at the one hour reading i each ense,
the trend beng the same for both normal and psyehotic
groups Ageing seems to play 00 role \n the response to ghucose
1 this function the younger groups beng equally unreachive
to glucose {Pineus 19001

The une and vatues m Table L show wittafly higher levels
of urie acid exeretion i the patients a trend noted mn younger
subjects (foagland et al  13a3)  After the wgestion of
glucose the normal subjects show an ncrease m excretion
st the one hour and three hour readings The schuzophrente
patients at the one hour show & shght upward trend and at
three hours a downward trend At the three bour point, the
difference between the increase W the normal subjects and
the decrease 1p the schuzophreme patients 8 stytistically
sigmficany  This lesser responsiaty of elderly schizophrenye
patients has been noted also 10 Younger schizopbreme patients
\Thaces et gl 1939)  The mbal Ievels of wne and creatyme
excretion beat no relationship to the response followmng
guorse so that any dallerence Letween the trends wm t\\;
notmal and psyehotic groups cannot be attnbuted to the
differences 1 thewr witial levels

Tn the values for sodrumjereatime rbos (Table V1) the
Ppatient have untialls bagher levels than the normafs but not
10 3 statpticalis sumficant degree  During the tiree hour
test penod the normal subgects show on the whole a stead
wld wpnard trend  The potients show a marked fall at ony
hour with o subsenuent lex elling off of the v alues for thene: t
tso ey The difference 1 trends between the norm  » \1
selnzophreute groups 1 statysticalhy signficant at the o:m h(\:‘(‘
and three hour readings  This difference 1 trends between
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the two groups 1s stmilar to that found 11 Jousger subjeets
(Pincus et al, 1949) but & may be, 1 part, duc to the
difference m the mtiat levels There s a negatne relntionship
{r== —0 16} between the basal values and the absolute
changes at three hours, so that the higher values of the
ptients tend to show the gieatest decreses

The pot wsstum/jereatintie salues { Table VI) agm show the
normal subjects to have somewhat ugher values than the
patients although the dilference is not statistically sigmficant
During the three hour period the normat subjects show a
shght dechne m excretion values wiile m the patients the
decrease 1s quite marhed to o value approximately 40 per cont
below the untal level Tins duffercuce m trends 1 significanthy
dufferent between the two groups

The mtil levels hive some mfluence w the degrec of
response at three hours There 1s a negative rehationshp
{r= —0 10} between the control levels and the absolute
change at the three hour reading On this bisss the normat
subjects with mutal higher values nould be expected to show
the greater decrense  That they do not emphasizes the real
nature of the differcnee m trends between the two groups

‘Lhe values for the phosphatefereatinine ratios (Inble V1)
show the charctersstically low imtial levels of the sehizo-
phrenic pateints  After the mngestion of glucose m the normal
subjeets there 15 2 muld nise at the one bour rendmg with a
subsequent falf below thenutial level at the three hour reading
In the patients there v a marked merease at the one hour
reading to the lesel of the normat subjects and then a marked
fall almost back to the ongmal level  The trends at bath one
and three hours as compared with the mtml Jevels ae
statstically stamfiemtly different between the two groups
of subjeets

1t would scem then, that i the narmal subjects th
mgestion of glucose produces a conservation of phosphate m
the body «othat feswisescreted Tnthe pttunts on the other
Iind mere phosphate » escreted  Here the dilfrence
smbiat Tevels between the two groups of subjects may play n
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rde n this sarying tepie of reaction st there 1 2 Juahly
sentne selationship {r= —0 91) betneen the wmtunt fevel
anth ke slsobute change ot the three hour pomt  Thus, the
patients wth their low values would show a nse and the
notmal subyects with their hagher values would show a Tl
Szun as 1 the ense followmg ACTH injechion, w& may sy
that the mutrally fow tevel of urmary phosphatesss u eharae-
tenstie of schizopfiresin but the reaction to the stress on
strmults 1 Yargely dependent op that level and may hwe
little heariag an the dysfunction 0 the psychosis
Analysts of the dats for wter relationshnps betweenvanous
functions agam, as n the case of ACTH proved dappomting
Vo sigmsficant eo Vanance was toted betweca any of the
vanables studied
Discussion
T raay be vand an general that elderdy scluzoplivenme patients
et the sarae differences from elderlty normal subjeets
that young patients do from young narmal isdividusls There
% fews tendency 1 the oid 19 show the serewes n hetosterad
and cortieod exeretion than 1 the young bLut the differences
11 responses 10 the mumeral elements are essentially identieal
throughont the e span 1¥ 1 probably true that the repal
wcchaninms i the aged play a greater role in the responsivaty
of the or,.amsm to the two stress stuations employed, hut
B fact dues not obviste the persistence of differential
tespanses between the normal and scluzophrense subjects
he mawt e of these at Iites w the ageng
‘(;ﬂm]\hremc group poses an interesting problem as to
w
et e e st ey o o
patients have expenenced
ai]\xi-; fuumd \;s}c\\\n\;c‘ren:t\:n 1t may be Yowever, that the
shicdtenng of sueh patient
sude nm\n mmmqu !;xec :!m‘”::“:l:zl? SS‘TtSYCS ol evistence ast
g effect upon the adrepal
wrt\C\ oi\\\u :rm\tant c;mokmm) zesctan  in any case, it 1s
iaduent tht the phvadinnes) dek
phn e pratients p“hqtn:r I ety ta these elderty sehuzo

etr ¢use, have no dels
eflects apon the bife expectancy of s\m\;sub)ectﬁ debeionons
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Summary

A study was made of the adrenocortical responsiity of 34
clderly normal men and 33 aged scluzophrente patients
hospitahzed for an average period of thuty year I'ollowing
the mjection of 25 mg of ACTII and the mgestion of ghicose
the blood and urinary functions under my estigation showed
the same degree of dysfunction as had been noted 1 young
sclunzophrenic subjeets
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DISCUSSION
Atcolaysen H vou obsenve the usinary composttion from the moment
you wahe up and throughout the day, you obnerve evedie changes o
many constituents, The concentration thas be nearly doubled from say
seven o'cloch up to eleven, and then it falls back again thats in
expesnments with no food or water intake
Freemnn Well, diurnal \anation 13 something we have to tahe hm‘»
comsideration alwavs  As o matter of fact there jen t too much ::um
Terature on the partienisr pomnt  beeause indnidunls hae m;n
“Xudicd 8t vanous tisses, but nroxt of the experinenters have not gt the
41ty for the exact hours in which oir tests were performed, One ern sy
thint aithongh diurnal \ariation played o rile in mrodifyIng the response
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t 1n both
o \CTH or glucose, at least the same factors were presen y
wrmals apd gslchlza;;hrtmcs. and from that pemt of view it doesn't
tlter our facts
\icolysen A long tmme ago T studied thes cychie changes mﬂ;l;e
unnary composition  Some years later parallel studies were reported In
schizophrenies ‘The results were the same asn normal subjects, rever
s ——stnd o he ne dne to the schizopliresic state

ontrol
Tect of
h less

response than 13 assumed
Mcolaysen ¥ am returmng to my point about mntmls, because in
those days 1t was d that pitwtnn tubular re

shsorpluon of fixed bases However, placing my curves over the curies
from the expeniments 1n which pituitrin had been injected showed that
the two sets of obseryations were identical. Obviously your conclusions
would not mecessanily be invahdated, but they nught be somewhat
modified

Freeman Yes, I think that has probably not been tahen into account
sulficrently 1 all the studies on ACTH Practicslly nobody in the
A A LU N f dnaa nevth g on th 4

Patients have on the whole shown some insulin resistance  Lhus was aiso
noted by Meduna that they drop down to a lesser degree in a pnen
time 1f you tahe rapid intervals, and on the whole they don't show as
quick ot as great a response to a mven dose of insuln as normal
ndividuals do

Olbrieh ) ou see the same thing in serule dementias or 1n any type of
neurc loieat tesions with focalzing sites

Freeman Tt 18 undoubtedly true that reduced glucose tolerance 15
found 1 other types of psvchosss, because we have studied manic

creatimne

Freeman This ratio §s probably not sa unportant in youn,
beeause the ereatinime doesn t vary with the ACTIH ly)l' glﬁ;:i‘v:;du‘;a};
certaynly does vary 1 old people

Shoeh A study 15 Just bemg completed 1n our labor
Siherstone and Brandfonbrener, who have been ln\'.::gga!lnw the
response of blood sugar to insulin 10 normal old people  We hay e found
that ol ler individuals umformly show a reduced response to 1nsul; m“;
these experynents a standard amount of insulin was, nd.mlmmt nl
wtravenously along with 25 g of glucose ko oven mzmeniiff;

ry by Drs
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Blood sugar Icvels nere dat . - '
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the Bload of the olde s bt was for the
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GI'NERAL DISCUSSION
Tunbridge I think thet Prof Brull and Prof Y erzie su, ;,w!orlnlmncl

cnmp)onunlunl_', that any us-.cs:nwn! of azems 1o ¥ 3y
functmn. nml thot the frr 2 ‘.
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eght penerations of Drosophila subobsenivd Thev bred each
generation (rom the eFEs 1} by fhes after the 1\\\mz\\\ d ay O mng\m\
tte Theobject of the experime em \\“J& Yo try tofind ¢ the same \\m\g asDT
Lanang found & ropiers and 10 whether the Wte-syan of ¢ the oft
sprag of olg prents decrersed cumul.m o It dida t o =0 m thus

expenment ‘Ahere 15 ROSIEDY fic nt trend R those frgares avereipht genert
| orig OCCUPYING ahout  yent Put even more \cmlmw s he stabiity
of the 1 fe spas In each e:;sc we were bree d n,g from ¢! the longest e
%
-
o=t
+-F
o~T

R A
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Drosophila On the nght you have the sunvival curves under the syme

condittony for the two reciprocs! hybrids, %‘ and it I thinh that is
*

rather an structive example of the effect of heterosis, of mduced
hybrid vigour, on the hie span The degree of merease—TI dad superun
pose the pictures—as almost exactly comparable quantitatively to the
degree of decrense in hife span which was obtamed in the rat expenments

& 8 3

Nusnber 3 ve

L " " . £ : : L
W w0 30 4 30 e 9 & @
Az ndap

Yo 2 (Comfart} Drasophila subabtcura  Survnal curves of
inbred linea B and K und of the reciprocat hybrids Yetween
them {sexes combined )

Clarke, J 31 nnd Masnard Sapth, § (19553 Genet, 53 172

which Dr McCay published There was approvimate doubling of hie-
spatt and 10 change in the slope of eventuad mortality, what hins been
done is to push the whole thung over with & much Jonger plateay

T wonted to show that as an wnckicatian af the extremely Jarge offcet
which ean be prodaced by & genctte factor in this case heterents  Mow
had we started with that particulsr hybrid evoss, and inbred from i, {
liave no doubt that prver five or sbx more generations we should sfondy
push thehife table back agnin to the position of eurves Band R the equili
brium position which we have whea we bave n tine that fias been
partially inbred for some tume ‘That is rather an awful warning in
so far s these laboratory stocks ate concerned  We can t, 1 hnow, go
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hat
Bere wio the nature of heterosss but T think it s I.x’u- ta point out 1
whie Dr Magward Smith has shown (S Genet 1950 5‘:5 157) that 1
this particular ease an orthodo P < Iy
lxp!:n:mon 13 necessary vigour 1s A very heterogenous thing and there
e quite & pumber of wstances 15 which an apparent hvbmd yigour can
be induced by rwon chromosomal means even I beheve by cross
skling or by transplantation of fretnses from one snmmal to another

Thete 18 only one remasusng point that [ should like to make and that

#1hat we are workang with stocks that hatve been 1 the laborstory for
wme time and the wild Drosophila sshuchi are not wild type bt are
sctually caught m the wild have often been noticed to have & great deal
fonger hfe-span than our domestic Drosephila  The longest fived one
whch Dr Mavnard Snuth has observed had a Iife spun after eatching—
# mav have bived atready for some days before that—whieh suggested
that 3t would bse for about as long 8s those vigorons hybnds Of
eurse we have no evadence as yet that heteross hybndization can
Produce 8 greater life span than s found it the wild animal. ¥ just want
to stress the danpers mto nhich we run 1f we do ageing experuments on
mbred hines which ate showimng the degree of stabsity and the degree of
whreeding depression which we found m aur Drasaphula

Brull § am glad that vou have stressed the genetical miftuence

which 13 50 Important 1o agemg  If you can say that in small ammals

genetieal influence is so great vou cauld go further sn manbhind and say

that geneties 1 mankand not onky wituence duration of kfe but also the

form of agerny  In this field much con be done and shonld be done ¥

3y make a sugpestion for futute research and for future meetangs, it
ould be to have meetings of chmeumns who have Studied the specrat
eld of heredity i man and cross cimcans with genetieista

Comfort ind therebv obtain some hybnd vigour?

Lansig 1 think Dr Comfort hos yaised a very interesting pomt i
uonection With hybnid vigour and 1m very mueh impresed swith the
tudies on Drosophila that sttempted to repest the work that we did
s1th rotifers and Aid not succeed 1 wonder if there 1s a fundarmental
Uiference n ¢ ur matenal® W e of eourse have firted wath the possibility

1hat there are differences The rotfer ceases all cell division in the
zmbryo the newly

hatched rotifer bas gl the vells 1t 15 gomng to have
they merety get targer  If I m not mistahen g Daosophila division 1n
t ™ nues end so we way hase there a very fundamental
M Ve nf matenal The rotifer egas have ime
K “ ~ whlewn Drosophiln

5 .

. e part of the
= Cetom.
3now 1o whal wx

1t
ent = oht be ahle to tes us oo -
ent th
of agemg 1 iu
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e o
Umig, auid AU BULL GO RUWICTS, AN CURUR BWAY 2rui sulne
place”,
Shoch; Does a definition of ageing have to be limited to decreasing
functions?
Franklin: Change of function, surely,
Miae A \_'.m_ R ) 1enenen
PR ] : . * 1" nusethevord
v ' * Youliwe to
(;oudr_z/: I have a defimtion. Ageing 15 change with time in the hfe
cycle.
Y r . [ .o '
TN
Aronn: VWhen wowd you aente sormeuvay 2y nevang reicicd suvie
haod?
Lansimg: When he has reached massmum size,
Gross. There should be a distinetion betw een deyelopment and agemng.
T . . < o
r H
o el e, g
s ' [ . . ot
existence ta describe u‘;)roccs‘z human beings don't hke, a deteriorative
process, and I take it that it 15 senescence with which we are unx;rmcd
T s Ty HAEAC T PLA

B - . L .
L 1 .

dow't feed at all and appear to deplete ther rescrves, and we hayve some
animals, 0s has already been mentioned, which die automatically after
breeding, possibly from depletion, we have the clephant, which, I'm
{okd, dics in the wild state when ws teeth weas aut T have no doubt
that if you guve the eleplant fubse teeth, he would die of spme other
senescent process eventuatly. T don't want to spfnk out of turn, but
1 . .l . ven
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sery degenerate chiaracter who starses ta Aeath m the twenty four toar
period that he 1s busy fertduing

Comforl Tut you can ¢ prove, although ¥ think 1t s highly unprobnble,
that even the mammal does not die from depletion of something Ve
\now so hitle abqut the provesses which actunlly operate I really
don t see how we can discriminate

Lansing WWell { rather hope that we can It seems 10 me that there
ar¢ {1 spite of My dec!ar;nhen of fatth )‘estetdu)zin h\ol‘o;v;) a num}fr

.
wind up dead sooner ox later  That's what ¥ mean by senescence The
maturstion of the embryo, the new born child the adolescent, the
changes with time prior to Taaturation 10 me are not sencscence

Coxdry Y ours 15 the downswing of ife then

Lansieg Yes after 2iulthood has been teacked T cant define

Phyhum to phytum
asing 1 m ot prepared to agree to that ¥ tunk we have <peesl
oh it death bul not alt death 1s due ty genescence
vodinon you would Lnaw about
* * onzymes axe

ble acenrd
tng to dur orthouu ledge, ne
could give » chermcdl AeBMUOD o ap we then wark
backwards and see how much we know aliott the vital argans in old qme
This muglt be a useful spproach °

Lansing The drclamstion of fath T made yesterday &
t * ous 11 pes Of survival curves tha\’Dr CoxK(u:: ::o\?gf f.?
* fa was vartualty identical with the sur
7= Seale 18 2 hitle
‘e projects the
N xcept that we
= v ice and.

way ' e
Comfort Ravmond Peart platted 4 sy,

which was agamn the sume shapel i Mooy (s
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D i S I PRI
[ L e . .
oot . - .
: . o L.
and, asked Dy sulICUNE, WHLH NE Was gomg AL Ui Speed, Buele ue Wiy
g;)ing, said “Ah air’t goin® nowhere, Al'm comin® anay from some
place™,

Shoch: Does a defimtion of ageing have to be hmited to decreasing
funetions?

PenudVes (W nmmt af funndinn comates

‘ LY. . .

. L .* You use the word
* . mt R + "= Youbhaseto

' | I Ve *ime in the hfe
eyele.

1 o . ;. . e

‘ N

. w . ' gy
hood?

Lansing: When he has reached manimum size.
Gross There should be a distinetion between development and agung.
~ 7T ' T, s 4w

DEVEN e e

process, amat 1 tane 1 lual
. b
. - . . e
- . N p
L e e . A Ve e
exhaustian of enzyme systems m cells which don’t divide might proy e
us with something of the hind.  But if we do aceept, as ¥ suggest \]\!‘

should, the idea of senescence simply as the inercasmg habibty lo: e
. [EER TR . T e e g

ACnesCEnee Wiliz Witk W alt Cossie
Py e Ul Clee ntiay

. L - e
<enescent nrocess eventunliy. 1 don t want to spean vut of tutie e

S raguing process,
reence mmply 1%
anfmals hnve o

Jcicrmlnnte Ife-span instead of an indcterminnie vne.
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o5 of ife tables sught be an index as to shat yon were domy to 3
;m(m. but if you tre gowg to explain ageing &5 8 process X thu\:\
Wasnately you hate to look at wnduvduats and perhaps the best way &
t0 loch at them from different pownts of view and at different levels of
arganzation 1 doubt if st would be posuble to formulnte 8 defimibion
of sgeing that would be acceptsble to everybody and would cover all
the aspects of the problem as it now stands

Franhhia Savier Bichat, T think, defined ife as the sum of the foreed
which resust death  Some af us find that ageing 15 death talang small
littes

* . . *

Tunbridge ¥ thinh we shall hase to accept ageng as a chronolopteal
tocess
To this very 2 col De Malas has
b 1hat the 13 however nell plinned
may he arttbiend for whatey er anumal ot tawect of fish we seltect, and tht
even m ammnt expenments disease proessses must be taken juto
seevunt

Heredity was mentioned by Pro! Medawar and Dr Comfort It
ohviowshy cotnes wnto the storv, but the nork seems to show that there
may be fallacies 1n some of the carrent views Ve do not know te what
exlent there 15 5 true species difference  Dufferences may be due to
environmental conditions  as Prof  Krohn mentioned for the avary —
814 nat dy to ol dets 4 Th k ¥ tunk
¥ hinve comre wross the hifienlty of awewsing enswonmental factors
Thes gre difficuit to control almost wnpossible 1n man &nd w ¢ teod to
dead nith end resuits nstead of lonking for Prismary tauses, i man
because of the long tife cavie we may have been too obecssed with the
former We agreed that although pathologieal artenaf changes aceur,
they are not specitic for any age group it s a4 question of severity,
which again may be due to the passage of fime

e was some difference of opunion among

the pathologists as
* 13 tel} the age of & celi  Some agreed 1h:%1m!h the
1 © Tewws possible T think that 13
D - - W \\p
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e
z ~tuomite w, . f
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241 GENERAL Discussiov

Shock T think the argument that beeause two different plienoment
em be made to fit the same mathamanc ! formulition they hne
common processes betund than s an oxlremely hazardous one

Lanning T wud only that it « a posstulity - Tmnot prepared to sas
that we have as many hinds of protoplisny as we live species T think
there 13 a conmon protoplasn sith basie properties of multipheation
and growth, dechne, irnitabilits and so on, varving m detal nat
principle

Comfort Doces that imphy that you think that senescence 1s probably
inherent i nli metazon®

Lansing In so far as we can observe it at is o natural phenomenon
I would Iike to avord the impheation that becouse it may be inlierent
it must be mesitable

Comfort T was wondering about the cnse of the sea anemone At
Lcinburgh there were ses anemones which were in captivity for about
nmety vears \ulhl‘»ut any change tn shape they apparcntly grew new

' D L O PR P RPN

- . : . - .
thung for Hydra

Lansing But for mstance the protoson were held to be contradictory
to this hypothests untid the work was done and then we found that
there 15 senescence 1n protozon Just as there fs i any other species,
unless a particular liologieal process intervenes, antogany or conjugn
tion  In the absence of the latter, Paramecia go on to die, following
survisal curves very much ike those for man

Shoch T woull agree that protoplasm is probably fundamentally
much the same stuff although we hnow that sarious tiwtes deyclop
different functions, so that thewr enzyme systems must van quite
widely between different cells in the Nime antmal \ Io that extent, T

) A I e e

would agree that per* " LIS IR TS
Tore 1ts alabty to - . . .
wetubiohe processes -
ageng process  Bug 1t seans o me . ' . ‘. .
. study, but unfortunately
) . * - two new cclls 8o 4t
. th the problem of studving

more complex animals of tissue ustng Boti l)i(uhcm\mr\!"und ];]'M\':::;

cnl techmaques  Since changes i the enyvironment of the ecll,
o ‘ “ . o * will offen result i1 nllz:muu:n
. . ~to

. - ] S e . wt
e e e . . . tire
o . o
. . e : . .



Gexeras Discussion 247

mught be, though not doing at seventy what ne thd at twenty [ thunh
ko we were gty hage " the not tao distant futire) of 4 highly
selectnne human Ford service-—s0 that when the doctor diagmuges our
o~ ns 95 being tired or out of date we should be able to apply for s

1 » Aeroled attery, or a relmed fung
a¥nress on your behalf our

wum
Yo b m the
Lt e 1 time

Coeebafae he first

nelogical pspects

With it s g, Be o nuu%x‘ W ep\::e
E-m;t\'?mme‘d by the presence a5 hust » 2 Foundabon, of

“ eu by the Giba Foundation designed Lo encourige nndudevdup
tesearch on the problems of ageing



246 GERDRAL Discussion

iz.wrc.l«cd the evpectuney of hie, but such an influcnce was nat aveeeat
e PR .- . .
: . '

Ja e omae
Prof. Lewss stressed the need for Jongntudinal studies The statsstioal
method has ats value, but 1t alvo hias its hnutations We need to hme

Iongituthnot studies, beenuse onhy so ean we correct manv of anr enrle

aor e wanmienance of such peahs  We dhd not quite agree that there
wans necessanhy & umform steady pereentage deerense from the penh
parformance wath age; thes would of course wtroduee a further vanmt.

Whien we come to staches m man we are up agunst the questian of
enviromnent, which in turn 1atroduces the fictors of disense and of
unpasred seserve. Prof. Chrntie showed very clearly that in the lungs
thire 15 o decrense in functional capocits, whethies due to the onset of
PR . PR p . N

ssinction woikd appear to show some decrease with ape wlieh s not

entirely il 1 by the emy w this case the fixty of the
chest wall,

act . . . . .

e . . o i - .

N . .
possilulities 1n dus expersnents on freezing ,
1 end on an imagmatn e but provocatine ante We bnow that when an
A PRV -t e PR

PPN RN . - R

blophin dsaatont T
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