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FOREWORD

Tie Institute of Biology has from time to time organized symposia,
d at five of these have noW been published. The
?nd lhe' s r-u'-a‘ P pan enmewht broader than those which

sed journals,
peakers who
wn e Opans B2 T . = ooked on as
. . to make 1t difficult for

165, and the five that have

o the shelves. It would

mposia were brought to-

, what sometimes needs
LIS, bs mss oo cipline which can help in
understanding many aspects in the life of man. The Council of the
Institute has accordingly ‘decided that the symposia shall take the
form of a journal, with the volumes to appear as far as possible
annually. The Biology of Ageng, the votume for 1957, becomes
A UV S ke enclier volumes are set out on P it

A N

oo <

have delayed publication unduly.
W. B. Yarp,
Editor for Symposia.
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INTRODUCTION
By
F. Le Gros CLARK AND N. W. Prie

A syuposiun on ageing needs some introduction. The subject has
about 1t a decepuvge sép‘hdty. ot that is pantly because we have
tended to assume that ageing as we know it in man must in some
way charactenze any plant or animal that has lived long enough.
Qunly of late years has the subject veceived much atiention from
research departments—and that for reasons that are all too human
Societies, such as our own, that contain a steadily increasing
number of pensioners, were bound to grow more interested in the
nature of rranmia amatne samd ol mel B oane te . ..
delayed. .
answers, .
probably inherent 1n the subject its
anq al»lray

€lf; senescence primanly means
has meant human senescence, and human senescence is a
R CCH -

A comuaent suousd be added on the termanol
The contabutors to the cvmnatmm have hase -n
in their usage, but the
used, and they appear tc
do we mean by the word
1 almost invariably sug, .
MOre precise bralnmst mnw i a . . R .
sequence of char -
of an organism, _ - .
interpretation  ,,

the process of ber
the layman, and
Implied 2 fixed st =
Before the biolog
the -

of the subject,
SRR

The '

m .

th -.

the . N '
Agemgmuslmcanlhatorgar:;;.{,‘;(;hm“ di doy bme prove lethal,

ough perhaps not all organisms)
of tme a gradually mcrm.vwg?

come 1o experience 1n the course



x Introduction

liability to dic, and often therefore to die from causes that might
formerly have feft them mnvs an taen s —oers 0 -7
ages in this sense does

wviability until it has liv:

may recognize or think we recognize such a senescent process at
work in the members of many species of animals, we must not take
for granted that the same deteriorative factors are at work 1n all of
them. Indeed, o look for a cause of ageing common to all Ining
things may be quite abortive. For one thing, it seems very probable
that many organisms cannot be deseribed as ageing at all Where
ageing doces occur in living things it should perhaps be treated, as
Dr. Comfort has suggested, rather as a unmity of effects than as a
unity of causes. The factors that are operating may turn out to be
too complex and too varied to allow of any neat biological classificas
tion.

The determination of the vulnerability of the members of an
animal or plant population, with the passage of time, would be one
way of measuring and comparing types of ageing  All we should
need to know would be the chronological ages of all the tndisviduals
at risk within our sample. They have, of course, to succumb before
we know whether and at what rate theic chances of dying have in-
creased with their chronological ages. It has been more robustly
suggested in the symposium that another method of tracing deteriora~
tve changes could be adopted—that of measunng the worling
vigour of men and of some of thetr domesticated animals apainst
the demands of fairly constant day-to-day tasks. If life tables can
be constructed, why not * working-life tables *? The time of hfe at
which working men or draught ammals can no lrongcr carry out

A e ovat . . v S

thae #nclg oo tha pioe

calculation based on mortality rates .

A common-scnse objection to measuring the degree of ageing in
cither of these ways 1s that they would often give a minimum not at
bueth but at some later age.  For man, for buds and for many other
animals the chances of dying are high 1n early Uife, and then fall to
mumimum 10 what, tn human terms, may be called late adolescence,
There would be a similar, though less precise, maumum expectation
of working ife It 1s a matter for discussion and research to decide
whether these facts would constitute a brologieal objection to a
defintion of ageing made 1n this way. R

Stnce there 1s a distinctly human quality in the common ideas we
have about senescence, several of the contributions to the sympasium
were confined to human aspects of the problem It would indeed be
difficult to discuss the papers as a whole without making continual
reference to the human implications of the subject. The contribu-
tions provide us with a bref survey of the hiologicat problem of



Introduction xi
agetng, as it is at present understood. Obviously what the writers

has, one might say, 10 more permanence than the vortex in an
endlessly emptying bath that 15 being as endlessly replenished  He
interprets ageing m such an orgamism as 2 fatlure to make the
absorption and retention of metabolites keep pace with losses due to
leakage, the deficiency could occur either through a reduced
absorption or through an iacreased leakiness, In the long run

Tadures of 1ns kand would make a cell unworkable, and he prefers

wrhe i ammmmae

ﬂﬁw!nnr - ar v Uy ULDEIVELS With ftteh menanas-- -
which fls

festatior

hege inc

writers -
phifosor

- wess suAudl DIZMFEstal r
?[%::\‘xgghc; “\&e‘;}\’a;‘o\‘yi p“ﬁcd:d its onset. Thys as:::’;;ug;m;\?:s
ediaeya) 2 ini 5 i
tteven reached the dignity u? pc():;]r;l:ms‘ fhunkong; sad with Doune
*Since each such act they s
Dumunisheth the lengthyof ife a day,”
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xii Introduction

Apparently this belief in the sex-influenced contraction of life,
whether plant or human, was based less on any moral principle than
on the idea that an organism must at last run through its allotted
reserves of energy or lose the structural capacity for dealing with the
energy it so glorously expends. The idea that an organism lives till
it has bolized a definite of bodily energy is only a more
generalized version of the same theme. Rubner, for instance, once
surmised that the amount would ordinarily be about 200,000
kilocalories for every kilogram of an animal's adult body weight;
he placed man in the exceptional position of being able 1o metabolize
about four times as much as this. If that were so, man’s place in
nature would take some explaining. But Professor Bourlidre shows
below that things arc not quite as simple as this, and that several
other ammals are also exceptienal, It may be true that the “ rate
of hiving ** of a specics does in vay determine its average span
e A b * reduce their

o * non-htberna-

eing used up

. * st hnow that

BEEU RN ot +oege s of lethargy

that live longest; but it may be quite unjustifiable to compare them
with bats. .

Dr. Bourne reverts to the problem of the ageing of cells, this time
as studied histologically within a multicellular organism. He
desenibes changes in the mutochondria of cells, which in the main
scem to result i an increased fragility; the cell, like the whole
organism, finds, as it were, that its parts break more castly and repair
less easily as i1t grows chronologically older.  There are also more
clearly definable changes going on within it, such as the accumulation
of calcium, 1ron and pigments, and a variation in the concentrations
of many of the enzymes. The effects of ageing in an animal’s tissues
isd beeance 1n many tissues the individual cells,
+a o0 - opstantly renewed.  Bul in lissues
©orev srcoorcoewr U Tthes hnd there is a steady oss of
cells, and this is perhaps most clearly secn in the central nervous
system. Old age may, in fact, be due to an ultimately suicidat

. Py . Yo

- . Wt ea

ara mat pandily et

- C—
yi .t

;:'vr'g:misms the process of ageing Eould thus be reduced 1o a ungl
umform causal sequence o? events, Cellular changes of thl!mkﬂw‘d

people the most exasperating feature of ofd age 15 apt Lo Le i mu(
of sexual eapacity and enthusiasm, there is a tendency to mcvrlm
the fact that cuntchs often hne to a ripe old age, The eunuch Narses
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was well beyond seventy when he won his final battle against the
Goths, and almost ninety before he was retired from the govemor-
ship of Ttaly. Dr Swyer surveys our k_nruwledge of Eh? changes in

preventing or counteracting some at least of the syfuptoms of
advanced senescence. ‘11 is m‘ff:h to En 'hopzd that this line of
watmavabe st N oy A1 wmatt asnone ads 1020 Fanleaslly /o Lt

though they tend to live longer than men, appear to suffer more from
the disabilsties tha might well be remediable by this type of replace-
ment therapy.

The notion that certain properties in a man’s diet could con-
cevablv pralono hie Tife ar wnomie o wn lans naniows =, 5 <

veer . A .
dess .

s,



xiv Introduction

Dr. Comfort's paper on ageing in animals leads naturally to man.
The impression we have of ageing in the animals with which we are
most familiar is much the same as the impression of ageing as it is
experienced by the members of our own species. Whether the com-
plex of causes is invariably the same is another matter, We shall
plainly not get much further until we possess detailed life tables for
a number of species. It has been suggested in the course of the
symposium that comparative information might be obtained by
observatiors o= - R T
and elepha
lateinindi. .0 - e, e g e oty T
usc of the Burma forest elephant as a laboratory animal in the study
of ageing offers some exciting prospects.

In his survey of the clinical aspects of senescence Professor
Hobson brings into relief the fact that old age is frequently accom-
panied by chronic diseases and ailments olsonc kind or another,
Dr. Heron emphasizes that in man at all events age is complicated
by many psychological changs Mr. Benjamin completes the
human picture by displaying the vast and shifting demographic
framework within which the drama of ageing is now being played
out in our own country.

Our approach to the problems of senescence must necessarily be
in some measure subjective, as indeed are the conceplions we tend to
adopt about our own place in socicty when we arrive at a chrono-
logically advanced age. How subjective our approach is, we can
scarcely realize, so ingrained have become our traditional habits of
thought. Most of us havc our words and gestures perfect as we live
through the Shakespearean Seven Ages of Man. Yet a biological
residue remains which s clearly entitled to be called organic ageing.
What precisely accumulates of breaks down or fails to function or
runs out or goes to seed, we do not know, and it may be that none of
these phors 1s strictly applicable.  We do not know whether we
shall later find ourselves describing these experiences in neurological
or biochemical or cytological terms; the chances are that no one
of the biological sciences will alone prove adequate to our purpose.




AGEING IN BACTERIA

By
C. N. HsHELWOOD

Physical Chemustry Laboratory, University of Oxford

P R P N

y b mas Xs] ymponents, all
number of cells, and the masses of the varjous co
increase zosordwg to an exponential law, and with the same rate
constant for each.

n, = ng", (mt = (m)g" and so on.

The steady thythm of growth and reproduction is seldom main.
tained for long, and indeed with cells such as bactena, can oy con-
{inue under rather carefully deviscd&abora}ory co&@mgns. ‘Il' one o
Nehar naranten] wobman eGP AT R SRS SO

phase of exponential increase is upset. To understand the w:;ys in
which 1t 35 disturbed some attention must first be given to the kind
of harmony whuch had been established during the preteding steady
state,

vt wudanal sy IUIRSES Uitre Must be many sequences of copsecutive
reactions. These sequences must branch and interlock in a com-
plicated scheme which constitutes the reaction pattern of the cell,

It s very unlikely indeed that there are indwidual substances
capable of autosynthess in jsolation and in their own ripght. The
process of sell-duplication is much more probably the result of a
co-ordinated interplay of reactions in which the products of one
set of enzymes ot cell constituents build up the material of another,

n



xiv Introduction

Dr. Comfort’s paper on ageing in animals leads naturally to man.
The impression we have of ageing in the animals with which we are
most familjar is much the same as the impression of ageing as it is
experienced by the members of our own species. Whether the com-
plex of causes is invariably the same is another matter, We shall
plainly not get much further until we possess detailed life tables for
a number of species. It has been suggested in the course of the
symposium that comparative information might be obtained by
observations on the working tves of such draught animals as horses
and elephants, but doubt is expressed whether we have not come too
Iate in industrial history to hope for reliable records The possible
use of the Burma forest elephant as a laboratory animat in the study
of ageing offers some exciting prospects.

In his survey of the clinical aspects of senescence Professor
Hobson brings into relief the fact that old age is frequently accom-
panied by chronic di: and ail of one kind or another.
Dr. Heron emphasizes that in man at all events age is complicated
o R Mr. Benjamin completes the

. + vast and shifting demographic
. - ) of ageing 1s now being played
out in our own country.

Our approach to the problems of must 1ly be
in some measure subjective, as indeed are the conceptions we tend to
adopt about our own place m sociely when we arnive at a chrono-
logically advanced age. How subjective our approach is, we can
scarcely realize, so ingraimed have become our traditional habxlsAof
thought. Most of us have our words and gestures perfect as we live
through the Shakespearean Seven Ages of Man. Yet a biological
residue remains which 1s clearly entitled to be called organic ageing.
What precisely accumulates or bre:'xks down_'or fails to function of

TR

or hiochen.licallor cytological terms; the chances are that no one
of the biological sciences will alone prove adequate to our purpose.



Ageing in Bacteria 3
processes which cause serious departures from t‘he steady state set

disturbance has been.
Ta N ]

PRSI SN

A e ta, L

Talely co-ordimated athivities,

The breakdown of glucose and other carbon compounds, so
fundamental for the complete process of growth and multiplication.
can of course be abserved with suspensions of bacteria which are
prevented from growing by the absence of any mirogen source. The
use of radioactive tracers shows that in the eardy stopee o shie

u .

.

growth in medi s it qunusrclx ‘c;an bc‘_pxc;lvarcd by
carbon  The cells contaimng this labelle

‘;: [phur, o or
1 5 material can then be
sg\:;c‘t:‘!;‘de;‘ :i“n{; :ln;:dmm lacking one of the essenuial components for
o and. Y Sojourn here any exchange with the medium can
. Nln fhﬁs:_ cicumstances what s observed s cta wxa 1

integratio
““E; wrim s e ekpenments can be in-
, tbe active elements added to the external medium



2 Hinshelwood

and so on in an interlocking system according to equations of the

type
dXy/di=a, Xy, dXy/dt=a,X, and so on.

It is easy to show that in the steady state of such a system d.X;/dt=
kX, dXsf/di=kX, and‘so on, all the s being cqunl,yand the ;/atios
X,[X., X/ X EK e Lot '+ values. These
ratios are maintai C gocs on in a
constant medium. Y : [, . new medium
where the relative rates of different individual reaction steps of the
complex reaction pattern are ch d, the ccll ically under-
goes an adaptive modulation to a new set of ratios.

When the maintenance of the complete rhythm is interrupted by
the failure of supplics, there is no necessity at all for all the individual
reaction steps to cease simultancously and they do not do so. After
the fully co-ordinated working (which leads to increase in size
followed by periodic division) has been upset many different things
may happen to bacterial cells.

In some circumstances division may continuc without inerease in
the tot © TR DR SO N it
When
examp.

Thus more is synthesized from somewhere. The necessary phos-
phorus has been shown in certain cxamples to be derived from the
nibose nucleic acid alrcady formed. Direct interconversion of
ribose nucleic acid and deoxyribose nucleic acid being unlikely in
the circumstances, a reversal of the condensation processes by which
the ribose nucleic acid was originally formed scems to l|m invt()il\"c_d.
T ottt ooy A ~ used, for

1

t ot . ibly after
H . In other
3 . shown to

increase at the end of the lag pliase to a steady level which is reached
at the cxpense of inorganic phosphate n the medium and which is
maintained during the logarithmic period.  The level falls again as

been'in balance continue in a less co-ordinated way. Even more
sigmificantly they indicate how certain synthetic processes (¢.g. the
deoxyribosc nucleic acid formation) can occur by a re-allocation
of the internal resources of the cell, made possible by a reversal of
previous syntheses.  This principle will prove of importance in
what follows, o

The consumption of labilc intermediates, the re-distribution of
material by degradation and fresh synthesis, the decay of enzyme
systems, and sometimes actual lysis of parts of the cell. arc all
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substances. The exponential law is by no means exactly followed.
Sometimes there is an mitial period during which the death rate is
quite low and it nises only after the adverse environment has had time
to bring 2bout progressive changes in the cells. Sometines, on the
other band, there 15 a resistant tail of cells which survive much
longer than the simple Jaw would predict.  But the exponential
curve is often enough followed sufficiently closely for it to possess
theoretscal significance. At its face value sucha law implies that the
chance of death in & given short time interval for any cell is in-
dependent of its previous history, as 1n the well known phenomenon
of the radioactive decay of atoms.

The interpretation gven in the well known “ target ™ theory is
that some sensitive centre in the cell receives a random hit from a
taolecule Jnf;’z tozuc ?}"‘t‘ or 'fmm 2 quantum of tugh encrgy radi-

Uil adgyuale expenmental technique would reveal an early region
of the decay (cl:u{ve ;:lhtl:e th}c‘ cha};\ce of death increases with time,
as is required by theories that the toxic i
damage. Nevertheless. there ie nn dnrht ‘35’;‘.“15“1’.’5 Ag{c:gre‘ss_nc
is sometimes r -
pretation of 1t
to the theory ¢ '
economy of a ;
fectly co-ordina
explanation

D ONG cAnca thars fe = —ees
to unfave -
unidirlcti,ll
actual 1yews w sucwinied pants of the matersal i y-
rsnoe‘::a;lgr(\hand condensation reactions may be x:w\:/:rsste‘d.‘ n,B‘p;:ﬂz;
el h;sf: ;Xl;’:gginl;pggn.t the internal medum of the cell 3
5153'::_1&5‘ Which can be uscdﬂfglrn::s :;::l’:’:?n, Titrogen and_ other

combated . .
the co-ordi '
the constity =



4 Hinshelwood

Little actual uptake of the labelled elements is then observed, What
occurs is thus predominantly a slow one-way leakage but one which
involves essentially the living cells. The explanation scems to be as
follows. There is a lively internal interchange of materials within
the living but non-dividing cell, compounds formed by reversed
synthesis in one part being more or less avidly salved for re-synthesis
in another (as in the example of the RNA— DNA conversion). The
salvage mechanism is, however, not perfectly efficient and some of
the intermediates Jeak slowly out. The time scale of the leakage is
such that the experiments extend over a period which may vary from
several days to several weeks.

Since radioactive markers began to be avaifable for the investiga-
tion of the detamled balance sheet of reactions in cells and tissues,

permanence, are dissofved and renewed according to a time scale
of days or weeks. It is true that this almost transatlantic zest for
scrapping and repl t is not uni I, nor so great that
appreciable exchanges can be detected during the period of active
growth itself. Spiegelman, Monod and others find that proteins do
not turn over to any important extent durin§ the antual growth of
S S T e Vamaslos pe

enph

icss impcnan.t_ fn the cxi§l'cpce of nqn-dmglpg cells.

e S o

oot ot R s
Bacillus subtilis. Bacterial spores achieve a relatively very stable
non-dividing economy of low activity, but a:om{nonly the processes
of v . H H A Ham fn et

-

OCLulyageem javuiinten . D I
Thc’ ;:mcéss of ageing and death in a unicellular organism is one of
great interest and the subject of much controversy. A l:.xrgc popufa-
tion of unicellular organi declines with time to a law
coT T e e ata e *al oo p=pye™, where

erattime fand A

» gecording to the

state of the environment and the presence o1 absence of tovic
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vious history of the cell, The condition for the approxi-
xoxfa‘t‘:eag;:iicabm(y ofrl}\’m exponential decay Taw is then fulfilied.
This powt of view, which stresses the dynamic nature of the

DISCUSSION

M. R. Droop. Does Professor Hinshelwood consider that there is any
profit in the analogy between ageing in the metazoan organism and the
bactenal culture as opposed to the bactenal cell?

e Ol [ uabat a3 v .

. - we ewsming 1 UGG VBNDTES Yhe bacteriz
are more nearly independent units but by no means completely so, and
their mutual interactions are significant in several Ways.

o.rs

which y¢
{arge b
Thus sug "
ultcel

FHeath By approptiate modificatinn of e ent 4 ~ -+



6 Hinshelwood

_ In these conditions there could be an actual waxing and waning
in the amounts of various enzymes or in the intensity of varjous
functions of the cell. Something analogous is mutaris mutandss

[ Tt BUIGT R LR 5 A  Sr el
or runs out. In the declining economy the chaos can be even worse.
Some parts of the cell may even acquire phage-like properties and
prey upon neighbouring parts.

In such circumstances the waxing and waning of given pairs of
enzymes, or types of cell material, might be likened to the changes of
various animal species some of which prey upon others. In com-
petitive systems of this kind, as Volterra showed, periodic changes
in the numbers of the various species may be set up. When one
species has plenty to prey on, it multiplies, and then consumes the
prey so fast that this becomes scarce, Then there is a shortage of
food for the predatory species which in turn declines while the prey
has a fresh opportunity to inc; 3

truly periodic with the cycles repeating themselves exactly, since this
state of affairs would demand the fulfilment of rather precisely
defined conditions, but a rough periodicity is quite plausible.

The periodicities will be multiple, applying to various pairs of
cell units which can enter into relations analogous to those of
predator and prey.

These various periodicitics, moreover, will be largely independent
of onc another with their phases randomly related. In the declining
cell economy there is no mechanism of adjustment, as there is in
the gradual establishment of logarithmic growth, for harmonizing
the amounts of the constituents with the various rclevant rate con-
L el 1 (X

. associated enzyme activities
. L and with independent fre-
quencies, there will exist a certain probability that dilferent functions
(amounts or activities) will pass within a given short interval of
time through 2 minimum value together. ‘This probability is in-
dependent of the previous history of the ccll, just as the chance in a
radioactive atom of that conjunction of cvents leading to dis-
integration is indcpendent of time. 3 X

Suppose now that when a given number of ccll functions simul-
taneously drop to a minimum, viability is irretrievably impaired, that
restitution becomes impossible and that death ensues, Then the
chance of death in a given interval of time is more or less independent




AGEING IN HIGHER PLANTS
By
0. V. 5. Heat

h Insniute of Plant Physiology, Imperial College
Research Insty of . Pl Physiolo

Iy from
“Tre mode of growth of ugher plants differs so fundamentally

that of animals that the problems of ageing may be expected to differ
in lke degree. A perennial plant, such as a dicotyledonous or
comferous tree, has all the working Eaan con‘_u!l?_alllylcn.er':d, in

menstem (or embryonic zone) and from subsequent extension of
the new cells so formed; the growth in girth anses mainly from new
cells formed by a continuous menstematic layer, the cambium,
which develops'a short distance behiad the terminal meristem and
comgegc‘ly surrounds the shoot or root as the case may be. This

PPV

uL pluu\:\\.ts 4 suceession of primordia which

. . ST e 9 Gesuniesy 14345, UL LIESE GO
not seem to play any active part'in the life of the tree.) Thus the






Ageing in Higher Plants 1t

Sequential chabges in the Kinds of leaf produced by the mer:ftems

Tt 35 well known that the early leaves of many plants show  youth
forms *, often of simpler shape or with better developed laminae
than those formed later. This may apply to piants grown from
cuttings as well as to those grown from seed. Thus cuttings of
the hare-bell (Campanula rotundifolia) tevert to the rounded leaf
= n st Geet faw new Jeaves. the later ones bewng linear.  Early

. f
flowers (see below). ln many Luases a setiwsen v ot , 1
form” can, however, be produced by manipulation of external
factors. Thus the hare-bell can be made to produce rounded leaves
by low Light sntensity and the shrubby veronicas of New Zealand
will produce Jeaf blades, which they lack in the mature form, in
response to high humuidity. The retention of the broad  youth
form ™ of leaf by eucaly%(s grown in tfus country may be due to the
same factors of low light intensity and high humidity. The fact
remains that external factors cannot, apparently, prevent the

S2 mf etk farme ™ in early farmed leaves and thus a

mollified by manural deficiencies (G‘re i :
gory and Rich: 5
m lhe‘ full.y.m'zhn\{re.d Pllgmts' each Tate for t;{ last-fomcgrglséﬂlg%zgf

¢ mmeata s omtas acbice e
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growth in some respects resembles reproduction, for the tree will
have become an entirely new individual in the sense that a plant
from a cutting or a tissue culture transplant is a new individual,
The tree 1s in fact not unlike a coral colony though a much more
highly organized ** symbiati ity " {J. E. Baker} and apart
from accident, discase and some mechanical and nutritional con-
siderations there seems no reason why it should not live indefinitely,
The giant redwood trees of California (Seguoia gigantea) show that
this is not far from the truth, for specimens are estimated to have
lived for some 3,000 years, attaining a height of over 300 feet and a
diameter at breast height of 24 fect. Specimens of swamp cypress
(Taxodum mexicanum) are estimated to be 4,000 years old.

It would seem that the meristems should be ageless as they are
renewed continually. Nevertheless they are found to show systematic
changes with time and although some of these are undoubtedly
caused by external factors others seem to be due to internal factors

Ty L7 et s " of the cambium, which

.ot . . + yod ™, thus forming the
v o . e intimately connected
: . _ '+ +1951), Some tropical
timbers grown in non-seasonal climates show no annual rings, but
even so there is normally a pause in cambial activity with the
shedding of leaves and a tenewal of actvity with the expansion of
new leaves (Simon, 1914, Coster, 1927-8 both cited by Richards,
P.W,1950 T . oo Vs bamaeeedsnbas afiha
terminal m s -
controlled ' ¢ R
appear to oL e '
selves seem to be subject to inherent changes with time, not only in
the periodical production in perennials of new leaves and of flowers
but also, especially perhaps in annuals and bicunials, in the kinds
of leaves produced.” In the latter types of plant the change over
from purcly vegetative growth to reproduction is associated with

rofound changes in the terminal meristems and is followed, after
ruiting, by death; even in perennials there is normally, with the first
onset of flowering, a marked check to vegetative ;rO\vth apd to
the activity of those terminal meristems which remain vegetative.

The main problems of ageing in higher plants are thus, in order
of increasing importance:

(a) The ageing and shedding of individual organs.

This is intimately bound up with

(b) Inherent changes in rate of leaf production.

(¢) Tnherent changes in kinds of leaf produced. X

(d) The change from purely vegetative growth to rcpr?ducrlon:

Discussion of the first two of these problems is omitted owing

to lack of space.
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" ** since it measures
t: weight the * efficiency index ** since ¢
:;‘:‘:fggx:c;l g:?h wﬁ‘x‘zl:h the plant uses its “ capital™ as Tepre

N + Heght cbserved § ° *
o oo, gt tsed g, - ®
o8 — Caleutated 3
60,
3
2.
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Fig. 1. -—Apprcxunamy exponential growth in height of main axis of cotton at
outh Africa, season 19334, (From Anmalt of Botany,
NS I \937.P 517}

growtk of the h{gocotyl muaking use of reserves from the cotyledons.
Ttmaybe noted that the relative growthmlc interms of height (alineas
THeasure) 13 onesthird nf 1hot 32 saae

The change
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on a basis ¢
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simple age series. The variation from Ieaf to leaf may often be much
greater than the change with age in any one leaf.” The apparent
** age drift ** obtained from such a series of successive leaves is com-
pounded of the effects of the positions of the leaves on the plant and
9f their ages; it bears no simple relation to the true time drifls for
individual leaves nor to the mean time drift for all the leaves. This
warning is still frequently ignored.

The change from purely vegetative growth to reproduction

Some aspects of this change will be considered in rather more
detail and since it greatly affects growth rates a preliminary con-
sideration of growth relations may be useful.

In higher plants the rate of growth in dry weight at an instant will
be the net gain represented by the difference of the rate of assimila-
tion (X) and the rate of respiration (¥), it will be completely deter-
mined by:

1. The assimilation rate (per unit leaf area) = x =§
2. The respiration rate (per g. of total dry weight) = y =g

3. The ratio of leaf surface to total dry weight = g

4. The total dry weight itself (B) which together with 3 specifies
the leaf area 4.

If the first three were to remain constant over a period, then the
assimilation rate would also be constant if expressed per unit of
total dry weight (in view of the constancy of 3); hence the net gain
per unit of total dry weight would be constant, ie., the rate of
increase in dry weight would be proportional to 4, the dry weight
already achieved. The relanve growth rate would thus be con-
stant and growth would follow an exponential curve (Blackman,
1919). Since plant growth is largely a process of cell multiplication,
this is the curve to which it will tend #f all the cells, or a constant
proportion of them, continue to divide and if they do so at a constant
rate, i.e., if growth continues unrestricted by internal or cxtcx:nnl
factors. It stems most improbable that either of these two pravisas
would be fulfilled for any long period. Further, in view of the
differences in assimilation rates and respiration rates of successive
leaves already noted, and of the mechanical necessity for & greater
proportion of supporting tissuc as the total leaf surfacc cnlarges, it
seems equally improbable that the values of 7, 2 and 3 above would
remain constant. Nevertheless it is found in many cases that the
relative growth rate s nearly constant, falling very slightly until
flowering cnsucs when a sharp drop occurs. This was noled by

Blackman in the paper cited and he called the relative growth rate in
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crease 1 effictency mdex.

‘TasLe 2.—{from Heath 19375)

Mean quadrati ients (14-day) for logarithms of
total dry weight and of leaf di

ry weight
Season  Total weight Leaf werght P*
1933-4 —0 0587 ~0 0751 0001
1934-5 —00464 ~00545

0102
*P=probability of the difference l;‘eat:vcen the two measures bemg
cf ice.

VnsathnfesBas b e
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exhibit a small b.ut significant downward trend, as shown by the
quadratic regression of Jog {total dry weight} on time (Table 2).
Since net assimilation rate showed no downward trend, this fall in

§ °
© o Weight observed 3 °
& o o Log, wight observed ‘I
—— Lalevtsted 30

>

3
—2 S
&
= &
Iy

E
-§\ 0 S
H &
x>0 Ey
R H
.

>
Ky &

10
=2
1005 T
9 W0 0429 o,
8 15 72 29 36 43 S0 57 64 1t 8 92 106

Days From germnation

Fic. 2.—Approximately exponential growth in total dry weight of coston at
Barberton, South Africa, season 1933-4, (From Annals of Dotany,
N.S. 1, 1937, p. 517}

efficiency index had to be attributed to a marked decrease which
occurred in the ratio of leaf to whole plant (Table 1; data for two
scasons are included).
TasLe 1.-—{from Hecath 19375)
Leaves as percentage of total dry weight of shoot

Season Imitial sample At flowering
19334 770 547
1934-5 749 564

D I T I I
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jund that simultaneously with the rapid transference of nitrogen
N T L T VA A e a2

of the cotton plant show clearly that much or most of the mtrogen
or the bolls is withdrawn from the leaves. Nevertheless, the check
o growth which oceurs with the onset of flowering does not appear
o be solely a nutntional effect, In Fig. 3 are presented hitherto
inpublished data for the mean (absolute) growth rates in height of
5 normal cotton plants and also for 43 similar plants on the same
plot from which all flower buds and developing monopodial lateral

Harmtn

ways) ot tas ‘pcx?od had no noticeable effect on the growth rate of the

s by Cedsed growth (24.3.31) it followed a trend almost

gcr:‘%ﬂl;v?hm é:uht gg né::m air temperature  The curves shown for
owth of the disbudded plants and mean air temperaturs

degree polynomials  The tota] carrelatinn “"“‘B-c-' i Efé_rc“t'ounh

and correspond

a value of r of

seems clear the
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Growth rate cmfday
-

Disbudding

o

"
1 Aprit t May 1 June 1

—Absolu!e owth rates in herght of main axis of ** normal ™ and * dus-
Fua 3 dded ** gu on plants; als ugm:an atr temperatures, Batberton, South

Afnca. season 1930-31

1 16 1 14 [} 24 1
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JUI VDRI VPR U JUTC pL eSS B

prov ol wiuci au HUWSE DUGS 40U Ueveloping monopodial lateral

shoots were removed every alternate day, when all the plants were

measured  In the disbudded plants, then, the nutritional strain
a GRDUCTE PRI, PIEL.,

........ PR

uays) Ul LS period had no noticeable ettect on the growth rate of the
disbudded plants Following first flower opemng the growth rate
of the normal plants fell aimost Yinearly to zero in 4D days; the
growth rate of the disbudded plants fell from the same date, Searcely
fess m?xdly fae the t;us! three weeks, and from the time when the
naema a2 o= b e

- . at the tme for first fower
upenng, even in the absepre af aax 8o - ﬂchxl‘
inherent change in the ¢
nature. Data for disbud
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more than four weeks before first flower opening in the experiment
just considered, However, since barley is 2 monocotyledon with a
terminal inflorescence and cotton a dicotyledon with a system of
sympodial lateral flowering shoots some other diffesences in organi-
zation may also be expected.

Finally, the * minimum leal number », found before the occurence
of inflorescence initiation in certain plants with terminal inflos-
escences, may be briefly discussed. Klebs (1918) postulated that
until a plant had reached a certan stage of development and was
“ ripe to flower ™ no combination of environmental conditions could
make 1t flower; after this stage it would flow er mn response to appro-
priate external-conditions only. Clearly, if such a stage is rigidly
defined it may at any time be disproved by the expenmental explora-
tion of new combinatians of conditions, like any other nut hypo-
thesis. Thus Purvis (1934) and Purvis and Gregory (1937) found
that 1 rye the number of leaves preceding the terminal inflorescence
could be increased by environmental conditions up to about 25,
but could not be reduced below seven. This was therefore accepted
as morphologically defining the stage of “ npeness to flower ™.
Much later Gott, Gregory and Purwis {1955) found that this number
could be reduced to five by the use of continuous iflumination. As
the rye embryo already has four leaf primordia n the ripe grain and
another develops dunng sprouting, this raised the possibiny that
the plant was * nipe to flower ™ dately after ger ion and
as soon as the first Jeal emerging was exposed to hght By pre-
maturely harvesting grain, dwarf embryos were obtamned with as
few as two or three leaf pnmordia but the minimal number of Ieaves
formed before flowenng was stilt five. This was taken as evidence
for an obligate vegetative stage, represented by the development of
five leaves, which must precede flowening.

In the onion the minimum number of leaves and scales so far
found before flowering 1s about 13 (Heath and Holdsworth, 1948)
and this leaf number may perhaps rep an obhg
for * ripeness to flower ™.~ There ts, however, a marked effect of

Tt e e “tasian s bastas de oiants prevented

N i 1950) orpl:mls

. T L * o The evidence

suggests that mitiation folows when the plant has attained asuflicient
size, and the temperature is sufficiently low (a mean of about 12°C.),
irrespective of total number of leaves and scales produced or of
whether the plant has formed a bulb It 35 most unusual for in-
flovescence intiation to oceur in omon sets (small bulbs) {ormcd
from plants which had fewer than five emerged Jeaves and this may
well be a matter of integrated leal arca. Experimental evidence
was obtained for the production of an inflorescence-promoting
hormone, produced in the emerged leaves, stored in the swollen
feaf bases formed when bulbing occurred and transferred slowly to
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i i ing wi 1l sets when tipe
ng point during winter storage. Sma A

g‘:nﬁ;?lw‘hgvs no swaollen leaf bases but only swgil:é\e ssc}?clicvsc 3 J:;g::
fﬁf?’l%}ﬂ‘.‘f‘..‘,“f‘ﬁ.‘i“?fﬁ.“.;“’i“i‘_‘“,‘i,‘“ﬂ?f“ ences e

PR SRR TR P

cuewuele e b . .
Thus 1n the onon the effect of age oninflorescence mnitation would
seem to operate mainly through size attamed {possibly Yeaf area)

and o there 13 an obligate mummal leal number it 18 gemerally
exceeded

There 15 no fack of mteresting examples of apparent age effects
on the change from vegetative growth 1o reproduclmn, for mnstance
the simuftancous flowenng after many years of a plartation of
Sisal (Agave sislana) followed by death of the plants, but it seems

more (rutful to discuss experimental work when one is aware of its
existence.
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{Some of my plants have now been growing for five months at the same
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Tt seems therefore that ageng changes at the meristem occur in some
groups of plants but not i others, and each will have to be mvestigated
separately,
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P. C. DeKock. Results obtained at the Macaulay Insmulc show that,

in agemg leaves, the phosphorus/iron, fum and citric
acid ratios d as do also the respiration rate and the

sensmvny of respiration to inhibitors, ageing leaves often showing a
n their p This has been found for

successtve lc:ncs on a shoat, as well as for the same leaf sampled at various
times (tobacco, larch). Therc 13 considerable evidence to show that
esseptially similar changes in mineral composition, organic acids, respira-
tory rate and sensitivity to inhibitors, take place in all antmal cells.

H. W B. Barlow May I present some of Mr, A, C. Mason’s results
relanng to thc cﬂ‘ccls of age and lc1f position on (hc mmcralrcomnosmon

i
curvcs obt:uncd dunng the pcnod of shoot clongation and those obmmcd
when grow(h had ceased The hllcr set of samplcs shows lhc cﬂ‘ccl of

tha

achxcvcd being least 1n the lowest temperature, () the curves tor exten-
sion in pure water and indoleacctic acid at 10, 20 and 30°C. show that

and growth sut are to some extent mlcrchanghb)c.
the 20° C. water curve being very similar to that for 10°C in indoleacetic
atid.

When growth 1s rapid, extenston 15 a good index of * age ™ bul at
lower temperatures extenston 1s slowed down more than * ngﬂng . SO
that these sections never attain the final length of those at higher tempera-
tures,

Sections transferred from low to hmh lcmpcr'mxrcs never catch up
=t =g fome water

L . water;
H .« chup
o o acllas

extenston has been arrested.



AGEING IN ANIMALS
By
Arex COMFORT
Nuffield Research Fellow, Department of Zoology, Untversity College
London, ¥ 1

AGENG 15 the name given to the progressive decrease in vigour
UL AL amm om i cmmen marenmiemrn srith

tha naceans af time landing

death increases with age, so that these forms have characteristic
mavimum kfe-spans  In amimals not subject to ageing, the proba-
bality of death would not increase, and the life span, though finite,
woul lrtd:(ermm te. .

PPNt -

continuously and have no fixed maximum size  Animals of sharply-

fived ccli number which have no regemerative powers (rotifers,

nematodes) tend to have an equaily sharply-imited life span, One

determinant of ageing may thus be the possession of cells which

cannot Pc rleF:wc:i by division and which deteriorate in the course of
e

age may well, however, in-
volve the production of new cells differing in quality and in responses
from those which they replace Wear in wreplaceable structures
such as teeth and wings, processes of accumulation, processes of
AEPIEHON 2% v Abher more Fomd —m 23 e s RS .
effects of £
anmals "

cl!‘_elc]:s rathey r\um 4 umiy ol cavses,

¢ 1ate of progress of age changes is a function not pnman}

of the passny of ime but of deve i iy

{the * rate of fvino ™ Tn .,n...\f“’lif‘?.‘ '.“?1 or, r?_ct_;\bohc “hm):

prolon = . . - .

the am . .

has sh v v wout maanty of 3 ® ]
s Y of s 15 profonged by uvnder-

rﬂm%‘l‘x‘f‘c animals can be kept fully active, but juvi:\ile,yfor their

normal Lifespan and then re-started 1 growth, the time gained in
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marking time cffectively doubling the length of life. The life of rats
once sexually mature cannat be prolonged to anything like the same
extent (Mc.Cay. ef. qu, ‘194l). These findings suggest that actuarial

P T TTr - -7 v metabolism just as growth

. e + dpole. If this is 50, one of
A W © v .search is to determine the
comp of the *programme ™ of alian development

vehink ant nn blmatracnacs B N
[ IR NN e . ) o

dufterent types of vertebrate, 50 that age proccésc's could be corre-
lated with other physiological events. Such figures have been
poitd Se

aunilahla pmnne yartahoatns ante fan s * ats, and one
e There has
P . . . txistence for

captive birds, whose longevity is hnown to be much greater in pro-
portion than that of mammals similar in size and activity. In some
cases there are large differences in 1ate of development and life-span
between animals of closely related species which could profitably
be investigated if better actuarial data were forthcoming.

One consequence of this lack of information is that we have no
experimental mammal, intermediate in size and longevity between
man and the small rodents, whose rate of ageing is accurately
known. There are no published actuarial tables for rabbits or dogs,
and only incomplete information for guinea mgs (Rogers, 1949).
In consequence, many descriptions of physiological diflerences
between * young ™ and “ old ** animals are in fact descriptions of
differences between infants and youngish adults.

Apart from a limited number of species whose ages can be deter-
Yoo F T e » ¢ ich as scales
o R T T L = ertebrates
1 " o I : ade kenncl-
books and stud-books, notes kept by breeders, and the files of
zoological gardens. Such material varies greatly in quality, and in
most cases there are substantial losses 1o the record from sale,
culling, or dehiberate killing 1n the course of experiment  In spite
of this, 1t has already been possible to obtain from these sources
partial Iife tables for several breeds of dogs, and for a number of
Is and birds in zoological gardens. 1t 1s 2 common character

of many of these mammalian populations that the curve of dechne
is almost arith-linear, and the distributton of age at death is there-
fore rectangular, a constant number of individuals dying in umt
time (Comfort, 1956b and 1957). In dogs, figures for Pekingese,
mastiffs and wolfhounds indicate a more rapid senescence in the
tnopa shan i enoll heaades ke wmndian and maximum ages of these
. 1 per cent from those recorded
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jons of small birds and mammals, and of many

i w%d ggm:;; b:hav: as if they were, ageless, because the
Insectss L ‘ 1ot an 4n e offectivelv age-independent,
) . Aaldane (1953)
' studies that the

. increasing age.

vertebrate and

’ sp:cifxc zgc‘.m

0 L ALY 1 L

to the next of progeny has been made.
Where few antmals survive into late lfe, postponement of the
expression of adverse genes may be equal 1n selective value to their
complete abolition, and factors such as cessation of growth may be
selected if they improve survival at the most fertile period of life,
in spite of adverse effects 1n later periods Weismann originally
nspite ¢ ¢ T LT

might have been expected to be of selective advantage,
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marking time effectively doubling the length of life. The life of rats
once sexually mature cannot be prolonged to anything like the same
extent (McCay et. al, 1941). These findings suggest that actuarial
senescence is dissociable from total body metabolism just as growth
and metabolism are dissociable in the tadpole. If this is so, one of
the most important problems of age research is to determine the
components of the “ programme™ of mammalian development
which act as timekeepers in initiating the senile decline,
It might become easier ¢- * . % ., *°.
for the greatest possible . . . . -
different types of vertebr: ** Lo o eryo
lated with other physiological events. Such figures have been
availahle amane yartabentar -=t- £ 00 .~ “'nts, and one
or: Lt + There has
bee - Lo ot tt.om. . xistence for
captive birds, ‘whos‘q longevity is known to be much greater in pro-
P LT RN Tt Y e

mnetiae oL

oo |

Le vesugatea 1 petter actuarial data were forthcoming.

One consequence of this lack of information is that we have na
experimental mammal, intermediate in size and Jongevity between
man and the small rodents, whose sate of ageing 15 accurately
known. There are no published actuarial tables for rabbits or dogs,
and only incomplete information for guinea pigs (Rogers, 1949).
H mamtasra P et ologreal differences

v o + fact descriptions of

Apart from a Iimited number of species whose ages can be deter-
nuned by nspection of annually-increasing structures such as scales
or horns, it 1s ¢vident that studics of ageing in long-lived vertebrates
must be based chiefly on existing records. These include kennel
books and stud-books, notes kept by breeders, and the files of
zoological gardens. Such material varies greatly 1n quality, and in
most cases there are substantial losses to the record from sale,
culling, or deliberate killing in the course of experiment. In spite
of this, 1t has already been possible to obtain from these sources
partial hifc tables for several breeds of dogs, and for a number of

Is and birds 1n zoological gardens. It1s a common character
of many of these mammalian populations that the curve of decline
is almost anth-linear, and the distnbution of age at death 1s there-
fore rectangular, a constant number of individuals dying in unit
time (Comfort, 1956b and 1957) In dogs, figures for Pekingese,
mastiffs and wolfhounds indicate a more rapid senescence in the
Jarge than in small breeds; the median and matimum ages of these
pedigree breeds differ by less than 20 per cent rom those recorded
1n dingoes and in wolves.
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A LIVING orgamism being, as von Bertalantf (1949) so aptly defined
it, o graded structure of open systems w nch mamtains itseif in
accordance with its inherent principles while its constituent elements
are constantly chang'u;g, one may‘_as}( t\l‘ the rate of renewal of these

1n poskilothermic invertebrates and vertebrates, which lack the
efficient th ) and other h i h which
keep the milicu inténeur of homorothermic vertebrates so remark~
ably constant and almost insenstble to the usual variations of their
environment. In such lower ammals, the condittons which are
theoretically able to modify the energy-turnover are numerous. The

first to be considered~-and the first which has been studied experi-
mentafly—is the er pc But many other
arinee mea o i orlem fmim mmnn 4 V :

Such a suscepibality to the variations of the environmental con-
g_mons 15 nevertheless ot restricted to the, * lower” animals.

suie imseeuvora and lower Pnmates) and the ageing processes of
ﬂ:ﬁl:.a!):\?rma! forms are well worth investigating, from the stand-

Imvertebrates
1n spite of the scateny of i
formation on ageing processes 1
:?V:;‘.?.’\?‘fﬁ c:;“ fe;v ::ﬁl;ic;s‘mblsned facts siem to indl%ngc that there
and inverse relation betwees i
fates and speed of growth, and dyration of lfe. een metabalic
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DISCUSSION

. B. ¥Yapp. Could Dr. Comfort tell us a little more of his reasons for
making two statements which £o rather beyond the evidence that he has
presented to us? The first is that we have no life tables for burds, whereas
there are in fact seeral for wild pepulanons, so that he seems 1o imply the
assumption that a lfe-table is only of value when it apples to captive
ammals. The second 1s that while nt 1s probable that birds potepually
suffer from old age some cold-blooded vertebrates may not; the Life-
tables of wild buds provide no evidence for the first part of this view,
while the anccdotal evidence of long-Inved reptilss and fish mean nothing
more than that the potential maximum age 18 high.

A. Comfort. There are in fact Life tables for birds tn the wild, but it is
not possible 1o study senescence m populations which do zot live Jong
enough to reach senescence.  There 15 no Lfe table for buds under pro-
tected conditions; and so far populavon work on buds such as the
albatross, which probably reach serescence in the wild, has not been in
progress long enough to be of sienificant use to us. I think 1t will probably
prove to be correct that the majority of poikilotherms ultimately undergo
senescent change.  If we were 1o find anmmals 1 whrch the potennial bife-
span were so long that it could never be exhausted by any sipnificant
number of antmals 1n a population, epquiry about their potential senes-
cence would be a hittle academic.  Perhaps I may take indeterminacy of
age to mean sunply the behaviour of apimals i which po increase in
vulnerability with age has been detected however long they have lived.

J L Cloudsley-Thompson. Insects and other terrestrial arthropods kept
at constant temperatures tend not to live so long as control animals in
fl env 1 di The subject has recently been
reviewed (Cloudsley-Thompson, J. L..|l95-1. Enlomﬂlocul,‘s& 183—3‘).
- L s S 34t e mpmnde
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so rapidly (Cloudsley-Thompson, J L., 1953, Ann Mog. Nar Huist. (12,
6, 705-12.

R L. Worrall. Since 0ld people, genetally speakmng, have fess protein
than when they were young, there must be an overall excess of proinn
combustion over protein intake, for the period of adult life as a whole

This § term net loss of tein Is too gradual and intermttent to
e o Totnmmn gmemrinaiane If 2 pian con-
. . . . .
R L . . e e S e
mental error in nitrogen balance studies.

1t is possible, however, to estimate the tendency of human adults
towards protein defici the per of total basal
PECE T R LU I anmtiset e | b peblished

L . e, e, wermpsof
A Ty B

. oy e tOltIn

in Human adults mn‘ be mmimilzed, so that a senous depiee ol tssue
atrophy is postponed, and active hfe is thus prolonged.
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Lulsumption hxbemauon, acstivation and rey
activities are 4 able o 1n Hence the rates of Vital processe.
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ditions 45 fevertheless g, T W
cmg‘hcmture Vattations for Mnstance may baye 4n obvigyg influence
¢ Metabolism of SOMe birds (synfs ot n;
birds) ang mammals (e,

er an:nes) and the ageing Processes of
such abnoy, ! forms 5, well worth mvcsugating from the stand-
pont ofcompa i ology

L1s the pyp, 0se of f IS paper to Teview briefly tne evidence a¢
hand op the Correlaion Wwhich seems 0 €Xist 1n the anima] kingdom
tween the ates of cnergy~lurnover and ageing,
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DISCUSSION

V. B, Yapp. Could Dr. Comfort tell us a little more of his reasons for
making two statements which go rather beyond the evidence that he has
presented to us? The first is that we have no life tables for birds, whereas
there are in fact several for wild populations, so that he seems to imply the
assumption that a hfe-table 1s only of value when it applies to captive
anumals. The second is that while it 15 probable that birds potentially
su‘ﬂ'er fer (:]d age some cold-blogded \;grteliratﬁs may pot; i
PArT RS e Sl P apeidi vl vy Sl
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A. Comfort, There are in fa~ " f~ s=lan fom biuda s e ol bt B e
not possible to study senescen
enough to reach senescence.
tected conditions; and so fa , ,
albatross, whtch probably reach senescence 1n the wild, has not been n
progress long enough to be ufsx.gniﬁcanﬁl use to us. I (hu}k 1t '!I pro?:lbly

number of ammals 1n a population, enguiry about their potentral senes-
cence would be a little academic. Perhaps I may take indeterminacy of
age to mean simply the behaviour of animals in which no increase in
vulnerability with age has been detected however long they have lived.

J L Cloudsley-Thompson Insects and other‘ terrestrial arthropods Aept

6, 705-13.

R. L. Worrall. Swnce old people, generally speaking, have less protein
than when they were young, there must be an overall excess of protein
combustion over protein mtake, for the pertod of adult hfe as a whole.
‘This long-term net loss of body proten is too gradual and 1:1’termment to

towards protein deficiency, by measuring the percentage of ot vasa
N ’ o .

N . . .
in human adults can be mmimized, so that a Scrious Ueptee Vi wovud
atrophy is postponed, and active lfe is thus prolonged.
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ammals Was on the other hand distinctly apbreviated and the dura-
tion of fife of the imago (which never takes food) remained
changed. It thus appears that the aralanaasion AF1fa —f a0t
by intermitfent starvation ¢

Subsequent experiments by - .

over show that food restric ..
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environment,

. Among rotifers the life span of the adults seems Iikewise to be
inverscly proportional 1o Metabolic rate. Encysted adults may
sunive as long as 59 years in diapause Rahm 109 . w1,
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MacArthur and Baillic (19294) used parthenogenetically pro-
duced males and females of one pure line of Daphnia magna and
kept _tl_lem at various temperatures (8, 10, 18 and 28°C.) the other
conditions remaining constant. In such experiments the mean
length of life of these cladocerans was strongly influenced by
temperature.  The correspondence between mean Ife-span and
temperature is illustrated by the following figures: 2553610 28 days
at 28°C., 41-675-0-35 days at 18°C., 87-8:11+98 days at 10°C. and
108-18+2-43 days at 8°C.” The temperature coefficicnt for longevity
averaged 2-12, which closely approximates that for most chemical
reactions, but the (h, values were higher (2:59) 1n the lower ranges
and lower (1°64) in the higher ranges of temperature. It is to be
noted also that the duration of Iife in males responded more sensi-
tively and more extremely to temperature alterations than did that of
females,

At the same time MacArthur and Baillie (19295) found that
clevation of temperature from 8 to 18°C. increased the heart rate
and the susceptibility to potassium cyanide by a little over two and
a half times, and this acceleration of bolic rates was iated
with a very nearly proportionate decrease in duration of life.
It was also noted that the duration of Iife of females exceeded
that of males, corresponding to a sexual difference 1 metabolic
rates.

These results are confirmed by the findings of Terao and Tanaka
(1930) on another cladoceran Aoma macrocopa. The maximum
duration of life of this species takes place at about 15°C. (14-364
0-38 days), and gradually decreases at higher temperatures (9-28:+
0-18 days at 21°C.; 6:51+1-67 days at 27°C.; 477006 days at
33°C.). " It is interesting to note that below 15°C. the life-span’does
not increase any more.

Alpatov and” Pearl (1929) have investigated the effect of the
temperature durtng development and mmaginal hife upon the duration
of life of Dra.rop/u/a,mqlmmga.rlcr. .Th_cir rc‘suhs show‘thl:lt t|hc cﬂ'cc}

tures and in both sexes, with but one exception. For instance
females reared at 28°C. had a mean duration of life of 28-524:0-34
days, while at 18°C. hved 70-614-0-98 days. The
ot s fes : emmm e * 2% ypon the duration of life
' v ' *he environmental tempera-
+ a shorter time. _This last
* xperiments by Locb and

Northitop (1917). _
Anothgr cxperimental way to influence the metabolic rate of
invertebrates is by food restriction. Such a method has been widely
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(Rana catesbeiana) undergoes metamorphosis at the end of,
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be determinate 10 one part of the animal’s range and indeterminate
in another.

Ssmilar data are lacking for snakes and turtles, most unfortu-

nately since these are the longest lived of all vertebrates.
Seasonal of

p do not affect
greatly the thermal constancy of the miliew inténeur 1n most Warm-
bloodcd \:ncbr;:us. The temperature factor has less effect on
Bt Pan TR Y T

POV Inw matahnlis fata olmact nbelat L.,




30 Bourltére

—— A e e - . A

Rance river where food is abundant, the ércwth is very mi)id and
the limpets reach a very big size, but die when two-and-a-half
years old. On the other hand those living on exposed rochs along
the coast, when water is less rich in organic material, have a very
slow growth, reach a smaller size but live much longer (up to
sixteen years).

Vertebrates

The prolonged life span of most vertebrates does not favour an
experimental approach to the supposed correlation between the
rates of energy-turnover and ageing  We must rely on available
information patiently gathered by ccologists and field-naturalists.
It is not usually posstble with such data to attain standards of
precision comparable to well controlled laboratory studies. But
they nevertheless give us some nsight on the way the environment
carl differently influence the life-span of various populations of the
same species.

- PUIN PR S

positton can be made 1n most cases  On the other hand some spectes
have a rather wide geographical distnibution and live 1n waters whose
temperature and food-cofitent varies greatly. .
In such conditions striking differences in growth rate, tempo of life
and* G S R et A Remen
a9z ., . CaN
Am: ! - :

ife.

. . ' o Co : ife.
On the contrary the arctic subspecies found in Great Bear Lake
(Thymallus sigmifer signifer) does not reach t al n}lnt\:nly bcl‘ar'c
144 . AR A alann Al

" . s . e r
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J

reach their matunty vt e -’ix;“:sc:xdlgé‘sg

pilchardus) have a sl
live longer 1n the En_ ( de Luz and
Vigo.
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Age determination in wild amphibians and reptiles being less
rehiable than in fishes, and in most cases quite m\po;nb\:, the data
on these two classes of are scaaty, Oliver {1955) has
nevertheless given us recently some very inferesting on
north Amenican species. .

The duration af the larval period of some widely distributed

me-cycle in the two cases 1s altogether different.
Among hzards stnking latudinal differences 1n growth-pattern
PR - b LT B ¢
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but cominue§ throughout life; it is significant to find that these
mammals which have a nnor rharmamacr-o. . Pttt
Wit i ;

rotn af emnsn

' : Ociober 1938
. v © o urtlidre 1947).
Mote recenuy Dorst (1954) reported cases of marked Rhinolophus
Serrumonuimine and A%z o e » reached respec-
tive . . . longevities of §
to : * s appearsthat in
these mammals a reduced encrgy bolism and a low f dity is

definitely associated with a long life-span. Inversely, shrews, with
their very high metabolic rate and fecundity are among the shortest
lived mammals.

A very similar state of affairs seems to exist in some birds like
swifts, hummingbirds and nightjars.

Such are the facts which suggest at the present some kind of corre-
lation between rates of energy-turnover and ageing.  Since the work
of Rubner (1908) and Pearl (1928) our knowledge has slowly pro-
gressed and the influence on ageing processes of such factors as the
“rate of living”, the * temnn af 1ifa’ and avan he ~-oo e, .
well find their comn L
on metabolic rate.
than a certain fixed o . R o
and the rate of this energy-turnover appears to detérmine the rate
of ageng.

If such a correfation is confirmed by more extensive experiments
and observations 1t will remain to understand its underlying bio-
chemical and biophysical causes. Some recent experiments showing
that enzyme molecules have a definite Jife-span already suggest new
approaches to that highly complex problem.
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DISCUSSION

J B. Harmlton The studies of Dr., Clive McCay, as mentioned by Dr,
Comfort, sugstst that anrreversible form of ageing ©ceurs upon matura-
tion of rats, whether the ammals have been starved previously or not.
Somewhat simifar findings have been reported m some invertebrates
(Xopee, 1924) but not 1n all (Bishopp and Smuth, 193%). This pomt
deserves further stidy esmaeiafiy with raforacas oo -1 P
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demonstrated for a wide variety of tissues, ranging from the brains of
bees 10 the muscles of men. The Jength of adult life, in man and other
mammals, is thus a function of three variables:

1. ‘The energy tumover,

2. The net loss of protein per umt of energy turnover.

3. The minimum amount of protein required for life.

With apprcxlmate numerical values for these variables in different
animal species, the general factors determining the Iength of adult fife can
be handled mathemancally.

Thag-amw-s

SO
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1. The energy turnover.
2. The net gain of body protein per unit of energy turnover.
3. The maximum amount of body protern allowed by negative physio-
fogical feedback.
Exch of the above variables is itself a function of others, the definition
of which is a major task of biology.



THE AGEING OF MAMMALIAN CELLS
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GroFerey H. BOURNE
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“Tng rates and the methods of ageing of mammalian cells appear to
be different in various organs and tissues. Because of this fact

Cowdry (1952) classified the cells of the body from the point of
riew of ageing as follows:—

1 Yematat® aemian et “ .
awa Cuutlice Ul age tnange.
L LW PRSI AR bl .-
' -
H 41 4y ey approach the surface,
e . - 1

R srvnvrn,
svsuuang uyuly, event in quite old ammals they may rejuvenate in
the sensethal they undergo a series o rapid mutoscs, and the relatively
undiffercntiated “eells that result can differentiate into normally
funcuoning cells of that organ. The cells of the lwer, kidney,
thyroid gland and salivary glands come into

this eategory.
4 Fited pctemione . Tra L ac ; I
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protein} comes to an end because the synthetic capacity of the
existing L', ! * Wt “ation of DNA howerver,
fresh grov . t " has pointed out that a
theory of " " " uponthe exhaustion of
cell catalysts.

AIthot‘lgh cells of various tissues age

RPN I

t in different ways and rates
ey SN POy SRy

they are normally present in this condition, when the cells are taken
from an old animal. Whether this is the result of increased
fragility in responsc to mechanical handling of the tissue or to the
fixatives used or whether they are in this state in the hving cell cannot
be stated with certainty. Furthermore, in old cells 1t is always more
difficult to demonstrate nutochondria because there appears to be a

N © Tt ve s alis of blood

. LT . »wis Payne has
described changes in the mitochondria. At first they enlarge, then
become vesicular.  Many of them then fuse to form a single large
body and at this stage the cell usually dics, the ** chondrosphere ™
being Liberated nto the interceifufar” spaces. In the cells of the
germinattvum in ageng skin there 1s a reduction in the number of
mitochondria  Tissue culture cells, provided they are constantly

PR AR P v 4

of cells 1s not unusual, If sub-culture 1s not carried out, however,
degencrative changes followed by death occur. Characteristic

gst these are hondrial cl These normally fila-
mentous organelles break up nto rods and granules or swell mte
small vesicles and therc appears to be a nett decrease of mitochon-
dral substance. It may be significant that similar changes occur 1n
- LR
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951).

UTl\gse itochondrial ct are of ble significance. It

¢ cent of the enzymes of the Krebs

is known that something like 80 pei
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eycle, which are responsible for the aerobic m_etalzn\ism of the cell
and which supply the energy sequired for oxidative phosphorylas
tion, are found 1n these organelles 3 substantial alterations in their
form and quantity must have a fi yndamentat effect on the metabolic
activities of the cell. 3
Fragmentation of the Golgl apparatus is alsa characteristic of
degencrative tissue culture and aged tissue cells. For example,
Sufkin and Kuntz (1952) have shown that in the ganglionic nerve
cells of young dogs the Golgh material is composed of a loosely
Phoi Avepe-tt RN - -

maeral with the same staiing reactions as the Golgl substance,
but where it occurs it is in the form of discrete granules. It s hkely
that electron microscope studies wall tell us a great deal more about
(c};i i(g:ctuml changes in both Golgi material and mitochondria in
In degenerating fissue culture cells characteristic nuclear ch:
occur. The nucleus may divide without mitosis into lwéx or niocrea;:ﬁz
{Andrew (1955) clams 1o have seen ewidence of amitotic division
the nuclet of the cells of the bram in old animals). Vesicles of
auclear sap may be squeczed out into the cytoplasm. In some cells
the nuclear wall may break down and the whole nucleus ma
liquefy. Inold necve ells the nuciei may become pyenotic and ml
a decrease In nuclear histone which, according fo some avthors,
supgests a dinunished capacity on the part of the nucleus tosynthes: ¢
nuclie ands  In addition to pyenotic changes the nuclyus oy
show an internal brushworh arrangement attached to one si& ;n ?\y
v‘x’!;il;::‘én;zxcl;zm;’c. angclchc gucr:%h may show a honcy-combceg l’J!me
1 have Yeen described 1n 3
?S:ls‘c“f?a by ? number of workers. Mc;‘::;\yagg lg:\:rl;g;:: &fgg!sc;
hllmm_sr.mc ear vesicles in the cortical cells of the adrenals of ageing
n the celis of the aut
aloss orchromldx:l s‘zlx!:?::::{xcﬂﬁ?f f.? L@_dqgf&;_y e seems fo be
the form of a penpheral chr
and displaced 'and the cells
there is a shift 1n the nucleo-
nuclens, 1t is of snterest tt
3(;1; cx;mmn\ 10 age chan :
ernsti of agring a . wivar il lediutes
1 n}tmbnnei upgp:::c?:‘:;:&a‘:ﬂs. A\t 4
permestility sters avd presumably s (old age; centainly their
modification  Not very much voyk hls ndicates e structural
fermeatility of mammalian el fh s been carried out on the
meability of old cells was carried oo e o5 27K {1947) on per.
har b 2por D stas was carnied out with Spirogyrg. Ttis of imteres?
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same direction for all compounds, for example, old cells were more
permeable to alcohol and less to urea. This may also be true of the
cells of the gastric mucosa of old human beings, at least for alcohol.
As long ago as 1917 Herzfeld and Klinger showed that there was
an increase of protein at the surfaces of old cells and that this
interfered with the normal free exchange across the membrane.
[ [ .

of old human tissues, e.g. brain, sclera, arteries and elastic tissue
fQimaran £ Cealomnn 1A ¥ _ .- ¥ orenans . . -

is an increase of

‘his excess of iron
reached a maximum in the rat at about 1} years of age and there-
after it remained constant for the rest of the hife of the animal (3-4
years)  This increased iron content was found only in the cells of
epithelial organs, not, for example, in muscle cells, The authors
discussed whether this increase of iron was of chcial significance
or whether it was dependent on the destruction of blood during the
lifetime of the animal. They claimed that this mncreased iron was
not due to haemosiderosis, pointing out that it occurred uniformly
in organs in which haemostderosis does not usually occur. The low
values for iron in young ammals and the high values for old animals
were found to be constant If the deposition of wron was due to
destruction of blood one would expect the deposition of iron to be
continuous throughout fe—whereas this is not so. The authors
quote this evidence therefore as proof that the ingrc:}sc of cell iron
up to 14 years of age must have some functional significance. They
point out the remarkable constancy of their results; that the increase
of cell iron at various ages is so regular that 1t 15 possible to tell the
age of an animal by an 1ron estimation They believe that the extra
iron accumulated by the cell probably forms a compound other
than those already present in the cell. It is of interest that changes
occur in the haemoglobin iron of old mammalian crythrpcy(gs
(Lemberg & Legge 1949). In fact the ageing of erythrocytes is said
to be due fundamentally to exhaustion of the system which main-
tains haemoglobin iron in the ferrous condition. It might be thought
that this was due to the absence of a nucleus from the erythrocyte,
but the avian erythrocyte, which possesses a nucleus and which
appears to be able to synthesize haemoglobin continvously while
the cell is in circulation, has a shorter life than the mammalian
erythrocyte.
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cell. 1t s ol interest that 1n vitamun £ deficiency pigment occurs in
many cells and some auﬂ‘mors have thought that the so-called senility
B A R TR I ER R .

" P -

phua Sven in paralin sections. 1t was subsequently shown that
this pigment was acid-fast (Endicott and Lillie, 1944). It also
fluocesces o greenish yellow with the Tonger wave-fengths of the
ultra-viofet. Onfy pigment which has these properties is entitled
therefore 1o be called “ ceroid ™,

_ Pigments of this tvoe have been found in ar senund 1n 2 10 0
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seventeen different organs in young and old rats. Preliminary
observations indicate not a decrease in these hydrolytic enzymes in
the tissues of old animals but rather an increase. This 1s most
marked in the cerebrum and cerebellum (particularly in the Purkinje
cells), in the brush border of the duodenum, and in the seminal
vesicles; 1t was present but Jess marked in organs such as the liver
and kidney. The substrates used for the phosphatases included
glycerophosphate, which presumably demonstrates what is colloqui-
ally called *“ alkaline phosphatase ** (which is, in fact, a non-specific
phosphomonoesterase), oestrone and cortisone phosphates, pyridoxal
phosphate, carbamyl phosphate and ethanolamine phosphate, The
enzymes which dephosphorylate these latter compounds although
having their optimum pH in the region of 8 or 9 appear to be quite
distinct from the non-specific ** alkaline phosphatase . The histo-
chemical preparations which are obtained from their use are quite
different from those obtained with the latter,

So far as is known at present, oestrone and cortisone phosphates
are not formed i the metabolic processes involved in the in vivo
metabolism of these compounds, so that the increased dephosphoryla-
tion of them 1n older tissue may simply be an aspect of increase in
general phosphorylytic activity in these tissues. On the other hand,
of the remaining three, two’ (pyridoxal phosphate and carbamyl
phosphate) are bolically important substances, while the réle of

. o can Tt e distributed
seiated with

\ oo ) . . - 1e prosthetic
group of Several, and possibly all, amino acid decarboxylascs, car-
bamyl phosphate is an importint intermediary in urca synthesisin the
body—it acts as a carbamy! donor 1n a variety o‘f enzymatic systems.

physiclogically very important substances towards the latter. lt may
be argued, probably quite justifiably, that histochemcal prepara-
tions are artefacts and what goes on in them bears little relation to

A eremm o~ tlm vaeurtte ahtained b
. . , . , ich
Lo - - tve
. P L he
- . . 'k,

L v 1e5
[ HE e ‘ - . Ch
ﬁppeir to be microsomes and m which most of the hydroiytic
enzymes appear to be concentrated. Among these enzymes werc
B-givcuronidase, acid phosphatase, cathepsin, nibonuclease and
deoxyribonuclease, and the name given to these bodies was * lyso-
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iversi i Duve
-, a lecture at University College during '1’956 de T
E?c:bcd l‘hﬂese bodies colloguially as * swcide bags and climed
that their unrestricted activity after death was the cause of tissue
antolyss  The increase in aclwilty in“l‘hcse_ bod;eyshﬂ;'lg ct:;sl‘:ﬁ
i inhibi trof or otherwise m:

c“‘i:\ L ey mr’ ion of tissues as they agh::.
Cr olytic activity resulting from the activity ot: Iysosomes may be
IESP{J‘[\SIY‘}IC for lhcy loss of neurones from the brain in older anrm.a\s.

Purkunge cells in senile tissues for every 41 in the ym}pgAam'mal,
Cofamal FIWAGN £n 1 o an A A ma’.

tonowing numbers of Purkmge cells per given area of cerebellum
in men of different ages: 42 years, 823; 65 years, 691; 79 years, 500;
94 years, 462; 100 years, 445,

Sulkin 2nd Weatherford (1955) have shown that in auto-
nomic gangha in ofd dogs there is a decrease in vitamin C (as
demonstrated by the acetic silver nitrate technique), changes 1n the

olgi apparatus, and accumulation of pigment and substances
positive to the periodic Schiff reaction They also showed that
similat histochemical changes canld he nrndwnad 2o M
a vitamia €
vitamin C o .
old age res .

wwsdad wltadasn v g elciency of the enzyme
systesns synthestning this vitamin. 1t also raises the question as fo

whether partial deficiency of this vitamin over a very Jong peniod of
hume {a human l}emgs might not play a part ip the imuation or
aceeleration of tissue changes usually attributed to the process of
agelog.

Although it has been suggested that mcreass in hydentoaia o
activity in old age m.

of the tissue degener .
problem of the contrc
number of organs d
and it 15 also know '
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ilzsi) showed redy .
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seventeen different organs in young and old rats, Preliminary
observations indicate not a decrease t these hydrolytic enzymes in
the tissues of old animals but rather an increase.” This is most
marked in the cerebrum and cerebellum (particularly in the Purkinje
ccl[s), in the brush border of the duodenum, and in the seminal
vesicles; it was present but less marked in organs such as the liver
~nA Lidnev The substrates used for the phosphatases included

prevpes v ! *
enzymes which dephosphorylate these latter compounus aiuwuge
7T 7 =riem ~F® ar G annear to be quite

. The histo-

r use are quite

So far as 1s known at present, oestont uuu ususone phosphates
are not formed in the metabolic processes involved in the m vivo
metabolismof these compounds, so that theinereased dephosphoryla-
tion of them 1n older tissue may simply be an aspect of increase in
general phosphorylytic activity in these tissues. On the other hand,
7% mareniniag theee, fwo (pvridoxal phosphate and .carlz:fmyl
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mramn of several. and possibly all, amino acid decarboxylases, car-
. . O wman avmihacisin the
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old tissues may be of cONSIAETALIE Siglunsunns, o '+, ndicate
~ +hift in the balance between synthesis and hydrolysis of thesc
- . K a5 Thar [t thay

neanard.

the biochemists worar - . .
they specialize, namely tissue homogenates, we Hnd Luss uwy
recorded an increase in other types of hydrolyuc enzymes in the
tissues of older animals, namely P-glucuronidase (Byrbye and Kirk,
1956) and acid phosphatase (Zorzoli, 1955).

In this connection it is of interest that de Duve and his colleagues
(1955) have described in cells of rat fiver a series of bodies which
appear to be microsomes and in which most of the hydrolytic
enzymes appear to be coancntm(ed. Among thc.s‘c enzymes \\::5

3 . P } T

acid phosy 0
dc%xyn'bonuclcnsc, and the name given to these bodies was *Jyso-
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"It Is possible that some of the age changes in nefve cells might be
rc\lrc:ssegovsvi:h hormonal or other stimulation but no hormones will
‘be able to bnng back to the brain the cells which have already been
Tost by the ageing process

It f th 10g ch

nges of tissue cells are due to failure of
- MO A O B

e . rvsd W mgp€iuvpuy O LWE uver, neart and
spleen, that ypotrophic process of old age has been reversed.
When thyroid hormone was used m addition to the anterior pituitary
hor]m;mas tbe:elwas % beneficial effect on all the orpans studied
troladian $ha ande aniog. Tr - -
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Many papers in the literature have demonstrated the relations
between morphological and biochemical changes in tissue cells and
stero'ld and other hormones. Ix|1 senescent humans and animals it
O . RETENN N . P e e e

e Con ' o
general increase of connective tissue n pituitary, adrenals and
thyroid, in the pituitary she found an increase of basophil and
chromophobe cells, in the thyroid loss of colloid or poor quality
colloid and reduction in the size of cells. In the adrenal accumu.
lation of what appears to be ceroid pigment and degenerative
changes in the cells were found. A number of authors have studied
the changes in these three endocrines in a variety of animals (sce
Blumenthal 1955) and degenerative changes in the reproductive
glands are also well known and frequently recorded.

It may be, therefore, that tissue changes in age are due to pro-
gressive degeneration of the endocrine glands. Keorenchevsky and
his co-workers have shown that multi-hormone preparations can
retard or reverse some but not all of the weight changes in organs
due to age, and in some cases they aggravate the senescence changes.

Other workers have also studied the response of old tissue cells
to hormones—Shock (1956) for example says that in tissues in old
individuals which remain functional the response to steroid hor-
mones judged by the N, K, P and Ca balances is the same as in the
young subjects.” Another investigation in this field was that of
Masters (1953) who records the effects of sex hormone treatment of
female patients who were over 60 years of age and who were all at
least ten years past the menopause. These patients were followed
until eleven of them died and sutopsy material was obtained from
the reproductive organs. The uterus and cervix were found to be
increased in size and to be comparable in this resL)cct with the
normal for women between 20 and 40 years of age. The vagina was
returned to a state identical in appearance with that seen in the
fully functional vagina and reactivation of the cells of the breast was
alsé obtained. Although microscopical section showed a reactivation
of the blood vessels in the ovary the latter did not show a con-

‘tween
They
pointed out that the capacity for growth i cpiphyseal cartilage
declines with age and eventually ceases completely. " On the other
hand articular cartilage remains able to proliferate. Thus articular
cartilage at any given age is in a younger statc physiologically

i & iphyseal cartilage. e latter has in fact
speaking than ‘the cpiphyseal cartilage. The latier has Tn Tt
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ivis i tiny aad the development of
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speesae leaves s manly ju eol expansion, Dunng this expansion

F Michy  Wo ara nt a wam ancle sinms e o= o0 3. 0

Uuwwaly SYIIPLOLIS

G. H. Bourne, 1have no comment.

R.J, Ludford  Several xelcmu§ have been made during this con-
ference to the significance of mitosis in ,““’ ageing of erganisms. Dr,

Comfort suepested that ana dararms

The results of tissue culture work snerest thae satte -t -1
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G. H. Bourne. That is an interesting expetiment which would be well
worth doing.

N. 3. Pirie. ‘The importance of distinguishing between the age of a
cell and the age of a tissue is well 1llustrated by the tobacco plant. The
cells in most of the leaves of a plant a foot high are of comparable age



SOME ENDbCRINE ASPECTS OF AGEING
By
G. L. M. SwyER

Consultant Endocrinologist, Department of Obstetrics, University
College Hosputal, London, W.C.1

AGEING is not unnaturally hnked with the idea of rejuvenation, and

rejuvenation with the sex glands, since loss of gonadal function may
be one of the more outstanding general characteristics of ageing
1t is of course many years now since the idea was first mooted of
‘bringing about rejuvénation by means of gonadal extracts, trans-

ST T @ menle amamatinnes and it ie cer-

it may be of some value to review the impact of agein,
of these endocrine glands, P geing on the activity

The gonads
__Eo}h the ovary and the tisus have two distinct functions
in mboatd Ll ian cad bn mend can mnmmaton  Tha e

H O]
]

ada

N -
proved necessary in order to explain cert: ‘ i

¢ am facts of testicul
p_b!‘x\_:l_og?'_ agg _p:_!_dm.l?g_y) i In '_l)l‘e. testis, androgen scctelilon 2:;



were degenerate,

Cytoplasmic structure undergoes a series of changes during mitosis,

which is most obvious in differentiated cells in which the mitochondria

nnd Golgl npp;u'ntus are conﬁncd to ccmm rcg:ons of the m(crphase
Lannma

? =+t == *x their original form and
* (Jolgx apparatus is recon-
- mble changes, there are
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tmenopausal women do
t, however, be em hasized that pos! al we

nol\‘.l :e‘:esmlly show’evxden(?e of extreme oestrogcy :;lepnsvcan‘c}::3 (;\;%1

in Symmonds’ disea: -

as may be found, for example, fn Summoncs AT

. r the adrenal

: ., hetattermav

AN ‘
intelligib  function with [ereasiig agey’
;nte gbllc fxplumtxon ?r the Iossfo_i_l_ etion VL incredsulg age

aviivieyy w sy

o enjoy normai cmlus,‘ persists unumpaired 1 _many postmeno-
pausal women

Clearly the endocrine aspect of sexual ageing in
women may be quite_indepgnde‘nt of l,hc _p_s.y(_:}fl,cfs_x_’:f&,. P

many authentic examples of men in the eighties producing fertile
semen and begetting offspnng. Nevertheless, the testis does show
evidence of ageing, though 1t appears to partake of the more general
degenerative process which aﬂPecls the rest of the body rather than
of the quite specific process occurmng in the ovary.

The dechine 1n excretion of 17-ketosteroids with increasing age,
to which more detailed reference will be made later, pomts to
decreasing activity of the Leydigcells Actual observations of these in
lgs}:s sections do not show any obvious decrease in numbers 1

age.
Doubts have been entertained i
Plomartarn oot fr e moaed regarding the existence of a male

uon of males do undergo a phase of Waning testicular functionanc
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F"ﬁ‘ﬂ' 1947 and by del Castillo, Trabucco and de Ja Balze, 1947)

noMGuIUALWLUIS UG JGIIOW LIS #@nd produce
the corpus luteum.

Furthermore, obgenesis and per genesis show fi
differences in so far as the former appears to be a wholly foetal
process while the latter occurs ouly in sexually mature males. The
actual production of odcytes takes place in the foetal ovary, under
what stimulus is not known, and at birth the ovaries together con-
tain something between 200,000 and 400,000 odcytes. A substantial
proportion of these are destroyed by atresia between birth and
puberty. Thereafter, once menstrual function has become estab-
lished, during each cycle one (or 77+ ™ o B
and are expelled from the ovar " :
destruction of some 20-30 other . . +.* .
associated with them undergoing abortive development during the
follicular or proliferative phase of the cycle, and atresia during the
fyrogestahonal phase when the ripe follicle has become a corpus
uteym. In this way, there is a continual loss of follicles until
eventually the stage is reached when few or none femain. Perhaps
400 will have produced eggs, and neatly a thousand times as many
will have served the purpose, not of producing gametes but of
secreting oestrogens, since there 1s hitle doubt that it is from the
follicles developing during the follicular phase (as well as from the
corpus luteum, and perhaps from follicles undergoing atresia) that
ovarian oestrogens afe derived. When all the follicles have been
used up, 1t 15 clear that the ovary is 0o longer able to secrete oestro-
gen—or at any rate, not 1n the way it was formeré‘y able to do so.
It is this phystologically-determined ovarian msufliciency which 15
respansible for the cessation, cither gradual or abrupt, of menstrual
cycles which constitutes the climacteric.

Afror tha aran e PP SRR

d 1

o et " LY

concerved oestrogen therapy for chmacteric symptoms, The
anterior lobe of the prturtary gland 1s also fully effective and, because
the decreased production of ovarian oestrogens has reduced their
inhibitory effect upon it, increased secretion of pituitary trophic
hormones, especially gonadotrophins, is the consequence. The
thyrotrophic and adrenocorticotrophic hormones find responsive
target organs and, so it is supposed, these glands may become more
or less hyperactive. It is to the combtnation of fowered oestrogen
Jevels and altered thyrosd and adrenocortical function that the
symptoms commonly experienced by climacteric women are usuaily

asenbed.
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The ratio of androgens to oestrogens is higher for men than for
women at all decades until the ninth,

The output of neutral reductng lipids, which reflects the production
of corticosteroids, 15 on the average higher for men than for women
at ail ages, and varies but httle with age In contrast, the non-
ketorue steroids, Etmixturc of substances of doubtful origin, part
e frol R 1ces DL o

3iluius wecltdst i jess markedly with increasing age in both
scxes.  The 11-oxyetiocholanolones ):iccrcasc least i( gll; these
substances derive chiefly from hydrocortisone and its metabolites
Steroldogenests and ageing. "The outstanding fact, referred to
abnvg. is that with adv:mcmg‘agc the yrinary output of cortico-
steroids changes very little while that of 1-deoxy-17-ketosteroids
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may in consequence experience symploms of the same genera)

. . . b} . ot " P vt -t -t
female, usually between the ages of 55 and 65, The first to produce
scientific evidence indicating the existence of a male climacteric were
Heller and Myers (1944) who found that whereas in 15 men with
psychoneuroses or psychogenic impotence the urinary gonado-
trophin excretion was normal, in 23 men whom they considered to
be suffering from the male climacteric the titre was unequivocably
higher. Moreover, testicular biopsies on 8 of these men revealed 2
reduction in the size and activity of the seminiferous tubules, to-
gether with a reduction in the size and number of the Leydig cells,
in 5 cases; and in the remaining 3 hyaline deg ion of the

histologreal characteristics. :

According to Howard et al. (1950), the climacteric can be divided
into a comp d and a decomp d stage. In the former
there is a tendency to decreased production of gonadal hormones,
which is met by over-production of pituitary gonadotrophin so that
gonadal function remains essentially intact. In the decompensated
stage, this tendency to gonadal farlure is not counterbalanced, in spite
of increased gonadotrophin, and so gonadal failuret linically
demonstrable. In the female, the compensated stage lasts only a
very short time, but in the male, on the other hand, it is the decom-
pensated stage which is seldom encountered. They therefore con-
sidered their patients with the male climacteric whose festicular
biopsies _appeared normal, in spite of increased gonadotrophin
titres, still to be 1n the compensated stage.

The adrenal glands: changes in steroid metabolism in ageing men
and women
The most deta™ ~ o i
ageing men and
measured the ¢ |
sterosds, reducing neutral ipids (for corticosteroids), androgens and
oestrogens in a group of 297 men and 320 women, all considered to
be normal and healthy. It is possible only to summarize their
findings here. . X
Oestrogens. In men, the output of oestrogens remains relatively
constant with increasing age; in women, on the other hand, the
output declines between the ages of 40 and 60 ycars, reaching a
leve! somewhat below that of men, and thereafter remaining con-
stant, Of the separate ocstrogen fractions, oestrone and oestradiol
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result of w}uch the rauo of andms\:mne to t\mtholano‘.onc derived

from the of or, as a furlhcr
bulity, that there is of
to etiocholanolone-3x, l7p~d101 -
An exercise test in

muscular sirength 1 10 of the men, which was mmmamed 1o a

Jesser degree for at least four and a half months after discontinuation

of lhc treztmcm. On the other hand, therc was 1o changc in lhc
1 status, ion or

grams of (hc subjecls—ncr were there any untoward effects.

Lonors ur agbilly,
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decreascs markedly. This decrease is most probably due to a decline
in the secretion of precursor hormones. Now the principal source
of neutral steroid hormones appears to be cholesterol, and the two
main pathways of its conversion are: (1) splitting of the side chain
at carbon 20, leading to the production of AS-pregnenolone, which
is the prime precursor of the C-21 steroids; this process is stimu-
lated by ACTH (adrenocorticotrophic hormone), whereas the sub-
sequent reactions by which AS-pregnenolone is converted into
hormonal end-products occur independently of ACTH, as do those
of the minor pathway to C-21 sterords which does not involve
cholesterol; and (2) splitting of the side-chain at carbon 17, leading
to the production of dehydroepiandrosterone, which 1s the prime
precursor of the C-19 sterotds; it is not known whether there 1s any
pituttary trophic tfl on dehydr d producti
The fact that corticosteroid production is well maintained with
advancing years may be taken to imply that the reactions involving
breakdown of chol ol to AS-p ) as well as all of the
enzymatic reactions leading to the conversion of the latter to hydro-
cortisone, remamn umimpaired. The decline in androgen synthesis
implies that the ageing adrenal cortex becomes less able to effect
rupture of the cholesterol side chain at carbon 17, since this is the
initial step 1n the production of the C-19 steroids of which the andro-
gens form a part.

Studies of the steroid excretion patterns of ageing individuals
given steroid supplements indicate that the capacity to convert these
hormonal steroids to characteristic metabolites rematns cssentially
unchanged This ts confirmatory of the hypothesis that the altera-
tions 1n sterord output with age are primarily duc to changes in
steroid production and not in the subsequent metabolism of these
hormones-—with certain reservations mentioned below.

In therr most recent report, Pincus and his colleagues (Freeman
et al , 1956) made investigations on a group of 14 men, aged 70 to
91, who received daily for five months a steroid muxture composed
of testosterone, adrenosterone, hydrocortisone acetate and
corticosterone 1n amounts which, on the bass of previous calcula-
tions, were expected to bring up the average level of blood steroids
to those found 1 young men aged 20 to 40. This treatment had no
effect upon the serum and urtnary concentrations of morganic jons,
upon the blood cosinoplul count or upon the excretion of creatinine.
T[}’]e total 17-hetosteroid excretion rose from an average of 4-5 to
171 mg. per 24 hours, was maintained at this level throughout treat-
ment, and declined to pre-t fevels on of therapy.
Although the excretion of [1-oxygenated steroids agreed well with
the theoretical values, that of 11-deoxy-17-Actosteroids differed from

- oo
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Teulunent Age. . .
A few sunple facts may put mattess jn perspective:
(1) As yet (an important reservation) the increase in the pro-
oafiaa el aldts e b s X o
123 I the fuect half af fhic sams =740

o e g grateuis luen surviving to their 70th birthda:
Inereated anly umat fe mes . sent. The
H ' 0-80 years

of course,

The sgeing of populations

1t will be advantageous to consider first the changes in the age
structure of the population that have taken place in recent decades,
since these changes have given rise to social and economic problems
which have smp on the public i to the
extent of exciing snterest In the welfare of the clderly person as an
inddual, 1tis doubtii) whether there would be the same interest
tEn( thc‘\.“c is 1o-day 1n the process of awsine ae = 2 N

The wenfle— - - -

v
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something over fifty surgically-produced healthy eunuchs, 13 o 70 year
of age, and ina comp:u-able series of intact men. There was no evideno
of compensatory increase in ndrenocomcal funmmn aftar mnnndaee

so that these subjects appear to p A

plicated by testicular secretions.

which in man are chiefly metaboh »

significantly wnh age m cnlhcr castr R N
far 12 bassnean . [ .
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Fig 2—~Change s pyramd following fall in births

1he hata nfeta

. s wu aoatmudny When the pyramid is
whotly based on the changed birth intake ’\&s mg’ma?yshapz is
restored  This 1s importan, viz,, that the effect on age structure of a

dechine 1n births 1s immediate; agetng i
1s nevertheless not permanent. getng is prolonged but the change
A e Changes in mortality
change tn mortality will . .
i Shange 1n mortaliy vill Increase the size of o -
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The population pyramid

It is useful to illustrate the age structure of a population by means
of a pyramid (see fig. 1) in which numbers in successive age groups
are represented blyl' the areas of horizontal strips placed on top of
each other with the youngest at the base and the oldest at the top
(each strip s split into left and righthand portions proportionate to
the numbers in cach sex.) They form a pyramid because as a result

ENGLAND and WALES BRAZIL
1950

Mates Famales Males Fawates

-
¢
—r—

d o
40000 o 40000 20000 40000
Disteidution per mlilion parsons

Fi6 1.—Population Pyramids

of deaths the numbers remaining tn successtve age groups become
smaller and smaller until a pont is reached at which there are no
survivors and this is the peak of the pyramid

The proportion of older people in the population, say those aged
60 and over, 1s represented by the part of the total area of the
pyramud which is at the top above the strip which begins at age 60
(dark hatching of fig. 1). In a country with very )lc‘nvy"n]czr!x'll:l_)"

’ o P . . .
\" . . N LR LT oo,
generations, the youngest or most recent being at the bottont,
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A ta the decade 1901-1910 births were in-

cr:;\\s\\’:é\ :}n‘ :::c;h‘eh: “%h: pl)mmid waskpma(‘!:;\ng "9‘::1;50 ;:‘sae‘
e process of fig. 2 was taking pl 3

&?gx;“s)l}u;ﬂx‘::r:\"’:;s\azgnxr\'\ng youthful, In 19112 stable popuiation

18H
"’

fes
0+] gl Females Males Femabe

o-

1931 WSt

Mot Femaley Motes Femaes

Ofatribution per million persons

F16 4 —England and Wales - Actut population pyramsds, 18911953

sustatned by constant births and subject to constant mortality—s
* normal " population—would have had 10 4 per cent of persons
aged 65 and ver, The proportion was actually $-2 per cent  Thus
when the (all in bintht began to take place, the population was
abnormatly young and even of burths had remained canstant 1t would
have had (o™ grow up.
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reduction is only at younger ages this will increase the slope of the
sides of the lower Eart of the pyramid but will not affect the top
until sufficient time has elapsed for the increased survivors at younger

ages to reach the older age groups. Fig. 3 shows the shape of a

Change atter

© yesrs S years 15 years
80+ :
60~
4D
20~
o~
e
3
S Change after
. 35 years, S5 years 95 years
< N

80+ M F
60~
A0~
20-
©- v

F
40000 o 40000 40000 o 40000 40000 o 40000
Disteidution per mitlion peracns

Fic. 3.—Change 10 pyramud followng fall 1n mortality

typical pyramid §, 15, 35, §5 and 95 years after a 50 pec cent r]cdm:l-l
o ' T o t wil
ot ' ' o + +  though

The actual changes in England and Wales

The changes that have been taking place in the age structure of the
population of England and Wales have been in fact a mixture of the
kinds of changes depicted in figs. 2 and 3.

Live births in England and Wales 1n successive decades from
1841 were:

1841-1850 5,488,736 1891-1900 9,155,153
1851-1860 6,471,650 1901-1910 9,298,209
1861-1870 7,500,096 1911-1920 8,096,222
1871-1880 8,588,782 1921-1930 7,129,070
1881~1890 8,890,238 1931-1940 6,064,516
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to the present therefore the total fertility changes have made a
ln{ﬁch gr:atgr contribution to the increase in the proportion of older
people in the population, than has the decline in mortality.

The ultimate effect of the changes

e 1 o

AreOMAING tn the mact rarant mrafantinm kasad ~n aly —ooo

el

‘There will be some changes at younger ages, though these Will be
comparatively small. Over the Tiext twenty years the population
Teatrtnnn mes 1€ - L6

4ve rety wuaall 170 and 1995 the nercentagac en

. . . & pepsionun ey ELOwn up ™ and has
attained comparative stability in its age structure, P

Dependency and economic activity
Older persons who have retg

consumeg: goods and scrvxe::nd fioey Smpboyment ave

savings, by relatives or *

An increase in numbers

which is pew but it doss

great importance in rel,

alw
whether purchised hv thate 0T

PR
e
ooy o d t
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_This process of ** growing up * was accentuated by the decline in
births. “The base of the pyramid became narrower and narrower,
and a bulge was created which has now moved up to the higher age
groups (fig. 4). If births remain relatively constant the bulge wil)
cease to have any appreciable effect on’the proportion of older
people in the population by the end of the present centuty.

Side by side with these changes mortality has been steadily
declining especially at younger ages at which the conquest of in-
fectious disease has been most effective.

At most ages there have been considerable reductions in mortality
since 1910. At younger ages there has been an acceleration in the
improvement in survival rates in the last twenty or thirty years,
The effect of this reduction in mortality has been to increase the
steepness of the sides of the population pyramid up to quite advanced
ages, i.e. to make it run up to a poinf less rapidly than it would
otherwise have done. The full effect of this change will not be felt

S Y . RTINS

arntil Fhmgn mamarntinmns Lisk ke s g -aiae

s . N . e PR
century (after the effect of the past decline in fertility has'largcly
disappeared).

Tt appears therefore that the temporary ageing of the population
structure caused by fertility changes has only just reached its full
extent and has not yet spent itself while the permanent ageing due to
mortality improvement has yet to make tts full impact.

It may be estimated that sf mortality had remained constant at the
level of 1910-12 the proportion of the ropulmion aged 65 and over
at 1951, 1n England and Wales, would have been 9 7 per cent, com-

ared with an actual proportion of 11-0 per cent,  If annual births

ad remained constant at the level of 190110 the population in 1951
would have numbered 51-5 millions (instead of an actual population
of 43-8) of which 94 per cent would have been aged 65 and over.
On the other hand we have alrcady scen that the 1911 population
structure was already abnormally youthful as a result of carlier high
fertility; this means that even if both mortality and fertility had
remained unchanged the proportion aged 65 of more would have
increased from 5-2 to §-1 per cent 1n 1951,

We may set out these changes as follows:

Per cent 65 and over in 1911 52

Increase due to abnormal structure in 1911 (i.e.
due to the prior risc in births) .. 29
Increase due to fall in births since 1911 ... e F16
Increase duc to fall in deaths since 1911 ... oo 143
110

Per cent 65 and over in 1951
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ich jt i In
uated, a pomnt on which it is dufficult to gve a clear answer.
c1395 :chnldr‘:n and unoccupied women will be Achchr and workers

. vas

future dcp‘cnd.

The ageing of indisviduals .
Theye are difficulties 1n the way of extending the working life.

Although mortality has been considerably reduced—to the extent

that the expectations of life at age 65 on the England and Wales

TOMlty ¢ 106 srmne —mstan VAR By vesAE R R
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vitality

eatl 1, ma Temdiny plisun vy wnpiueu e GALE UOES DOL
imply the arrest of the relentiess process of degeneration though
doubtless raised standards of health have generaily retarded this
process,
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Subject to some reservations we may consider as elements of the
dependent section of the population (1) children under age 15 (2)
non-gainfully occupied housewives, cte. (3) persons who have
attained the minimum retirement ages (for National Insurance
purposes) of 65 (men) or 60 {wi x}\cn). The balance may be regarded

as the supportine eantic= -0 proposed to
estimate the n 1975 and
1995 by takin =59,

We then obtain the figures shown in the table below.

TapLe IL—The cccnomicvprcssurc of the dependent population in
England and Wales, 1901-1955 (numbers in thousands),

Chil- | Non- | Pen-
Toral | dren | gain- | sion-
popu-| under | fully | able Ratio 1o (6) of
Year { lation| 14 (up {oceupied| class |Remain-
all to |females) ie. der | Col Col.| Col| To-

ages | 1931) | 14-59 | males MNHH S

15 up to | 65+ of
(1951-) (1931) |females cols
15-59 | 60+ 3,4

(1951-) agd

m 1@ @ “) ) | © [(D]|E)| (10

1901 [325281 9878 | G565 | 1998 [ 14087 [-70 [-47 [+14 [1-31
1921 |37887) 9772 | 8188 | 2972 | 16955 1-58 )48 |-18 11-24
1931 139952( 8909 | 8521 ( 3842 | 18680 |48 |46 (-2] [1-15
1951 143745 9733 | 8376 | 5990 | 19646 |-50 {-43 {30 [1-23
1975' 146364| 9219 [ 8149 | 8462 ( 20534 |45 |40 |-4] (126
1995 {46328| 8885 | 8106 | 8742 | 20595 i~43 <39 |42 [1:24

* Based on the population progection referred toon p 59,
Cavarat fntacamtamn faes cagn 00 7 - el e
¢ .
.o ) o
e, . St '

require the same relative amount of food and seevices as an adult)
while the dependency of adult women has been a stable cltmcm‘.
- LR PRI . -t » . P "™

[N
. P I N L . D |
oL N LIRS
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equated, a point on which it is difficult to give a clear answer. Tn
\398 childxgn and unoceupied women will be fewer an‘d workers
slightly more on the iption of the pop! TO-
jecuon. The foral national dependency will not be much greater in
1995 than in 1951, .

M - “ b1 o
tuture depend.
The ageing of individuals

Thete are difficulties in the way of extending the working hife.
Ane. L T duced—to the extent
* England and Wales
- 15:0; compared with
114 and 13+1 1n 1930-32~it is not easy to interpret this increased
vitality f terms of increased capacity to work, ~ Postponement of
death’in an elderly person by improved medical care does not
imply the arrest of the rel process of d though
doubtless raised standards of heaith have generally retarded this
process.
We are brourht face tn fars with tha casnad -€a1 4 s

o Wales during

. . ill be seen that
oy 8 ticreasing quite steeply even before age 60 and that
:0‘1’ hat o " N These figures provide

T .
. ' wossinment Actuary on the
L\:méu.u insurance Act 1946 (1956} indicates that weeks o?’ sickness
40“ it pes annhum per employed male 1n 1949-52 rose from 1-64 at
4410 297 a1 50-54, 4-17 at 55-59 and 6-11 at 60-64. Further
s‘(uausucs ;upphcd by the Ministry of Penstons and Natiomal In-
o é:ncc show that the proportion of the msured male Ppopulation
i were s;\ck on Sth Sune, 1954, and had been sick for more than
w :e m%m s vose from 1473 dper cent at ages 4549 to 273 per cent
ges 50-53, and at individual higher ages the percentages were:
§5~ 433 60~ ’

R 1Y S
8- Sa @- 8481

5 en & 1%
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Subject to same reservations we may consider as clements of the
dependent scction of the population (1) children under age 15 (2)
non-gainfully occupied housewives, etc. (3) persons who have
attained the minimum retirement ages (for National Insurance
purposes) of 65 (men) or 60 (Women). The balance may be regarded
as the suﬁporling section of the (;)opula\ion. It is"proposed to
estimate the non-gainfully occupied housewives, ctc., in 1975 and
1995 by taking 60 per cent of the female population 15-59.

‘We then obtain the figures shown in the table below.,

TabLr I—The economic pressute of the dependent population in
England and Wales, 1901-1955 (numbers in thousands).

Chil- | Non- | Pen-
Total | dren | gain- | ston-
popu-| under | fully | able Ratio to (6} of
Year 1 lation | 14 (up loccupied| class |Remail

all 10 ) females| ie. der | Colj Col) ColfTo-
ages | 1931) } 14-59 ) males (5]l
15 up 1o | 65+ of

(1951-)] (1931) {females cols
15-59 | 60+ 3,4

(1951-) and

5
(O] @1 B @) €] © [ (M1E); (10}

1901 |32528] 9878 | 6565 | 1998 | 14087 |-70{-47 |-14 {1:31
1921 |37887| 9772 | 8188 | 2972 | 16955 [-58 [-48 [-I8 | 1-24
1931 |39952] 8909 | 8521 | 3842 | 18680 |-48 |46 |-21 |I-15
1951 143745( 9733 | 8376 { 990 | 19646 |-50[-431-3011:23
1975' {46364 9219 | 8149 | 8462 | 20534 |-45 |40 [-41 [1:26
1995 146328) 8885 | 8106 | 8742 | 20595 |43 | -39 |42 124

1 Based on the population projection referred to on p. 59.

Qosrarnl insnmant mm £ans -

(-

v . N

requre the same refative amount of food and services as aa adult)
while the dependency of adult women has been a stable clement,
For the Tuturc it appears that pensioner dcrcndcncy will in the nc;}}
forty years rise b{ some 40 per cent but almost all of this rise W ld
be ofiset by a fall in the dependency of children and unoccupic
women in 50 far as the two kinds of dependency are capable of being
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WELL % 4, f VNG 2
Clearly the problem of invalidity at 2ges even younger than the
R . . -
hardier membess wall face a growing burden of chronic invahdity
arising from the sheer growth 1 numbers of older persons out-
s(rgpmg the sfower improvement in their average vitality.

n the other hand surveys of the aged population have indicated
that infirmuty 1s more quickly developed and more passively accepted
in cond o ion and boredom 2nd 15 more effectively
1esisted and prevented by interest and occupation.

The extent of employment

Thocale'mdusd ws oacen 1 0,0 .

of P ., .,
we . . -

bey

Ce

£ 8% wutu i€ tuclt 01 Nauonal Insurance was to impose 2
virtually compulsory retirement age of 65 upon a large proportion

of workers, the proportions of men gainful; i
of work follows? po ¥ ly occupied at older ages

Per cent of males
af_each age,

Age gamnfully occupled
$5-59 950
65-69 a3
10-74 274
75 and over 12:6

At the 1921 Census when there w; i
19 n 45 S0ME ccono: i
but no P system of i Y pex\sio:rx'su c\: Fiuence

F



Crude death rates
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F1a, § —Crude death rates for England and Wales, 1950-52 males
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‘The proportion begins to rise rapidly after age 60 and even before

age 65 more than one-tenth of insured men are in poor enough shape
to have been on sickness benefit for more than three months,

B

Crude deoth rates

044

024

F10. 5.—Crude death rates for England and Wales, 1950-52 males
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setirement the proportions employed beyond age 65 were consider-
ably larger, viz. i

55-59 940

60-64 887

65-69 4

70-74 526

75 and over 278 :

Whether this is evidence of the sustaimnz inftes + -4

or whether 1t merely sepresents the > 1+ - PR
time working through stages of unfit . - A
before comributory pensions were - witicult to judge,

The real problem Which the statistics do not at present measure is
the extent to which the economy of the country fails to maich the
limited and specialized aptitudes of older workers to equally limited
and specialized occupations so that they may make the maximum
possible contribution to the national product within their physical
capacity and enjoy doing it. There 15 2 great need for really scicntific
and objective mformaton about aptitudes—to this the famuly
doctors may hold the key.

Housing and family life

There 55 one last demographic aspeet of an ageng population
which cannot be Jeft out of account, viz,, the family unsls in which
older gcoplc Ine, especally in relation te the meidence of Joneliness,
and thewr housing conditions Tabulatsons of the 1951 Census
{One per cent Sample) show that sn Great Brutaun in that year there
were 2,198 thousand households with marned heads age 60 and
overt and about half of these ) hotds, 1,129 tf d, ¢ 4
of two persons mostly but not quite alf of them marned couples
living afone, Of 3,558 thousand unmarned® persons enumerated
over the age of 60 about one-quarter, viz , some 904 thousand were
living alone. There were also some 625 thousand unmarnied heads
aged 60 and over of houscholds of only two persons. Finally
account must be tahen of a considerable number of unmarricd
persons aged 60 and over enumerated in non-private houscholds,
1e. 1 hospitals, nursing homes, mental wstitutions, homes for the
aged or infirm, and w larger hotels and boarding b " ve

containing af {east 10 rooms); these wre? e v v, 7w xx
The present metees o . RN [ |
‘vn--—-l. LRI LA . (S o ¢

S vend

. : . totautions and hotels,
Pvortess T Uiney seem hikely to grow larger
T Ninety-seven per cent of alf marrted maks aged (0 and et were enumenied

ier the statuy of head {or spouse of head of} of houwchold.
* Single, widowed and dnorced.
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R Roslrmsin 14 fo AH0nls tm et o oty "
. . . w el

nas improved the mamagc prospchs of younger women bu! itisalso ckar
from the persistence of high marriage rates that these prospects are bing
taken advantage of more readily and at younger ages by both sexes.

P. Town.rmd Thc nwa 1deas of ** dependency ” and support " in old
age are fi 1to of the *“ burden ™ of old age.
In Table 1 Dr. Bcnjamm shous past zlnd (uturc trends in the econonie

of the d he includes children
of school or under school a :lgc‘ nan-g'unrully OCCuplcd females :md people
of pensionable age. f the is a
trcky and important subjccr In lhc first place, future population
estimates are contmually bcmg rcvnscd Duning the War for example

Beve=itmn oo - ** " population in the 1950s which
was - rere estimates for the same years,
and LN ' '+ . "the economic problem of ihe
agcd has been ducted on the that & decreas numbc:;‘o(

PARCNSIPOGD g Ny R VR SN

example, has decreased by a million, and presumably many housewives
have taken over the same wark, yet why call the latter dependents and
not the former? Thcrc are many mhcr difficulties 1n sorting out what
one means by the * The fe supports her
husband so that he can £0 (O work. What I am saying is that most
workers arc supported by dependents  Old people often support their
relatives as much as do young wives their husbands  In an iavestigation
carricd out 1 East London recently two-thirds of grandmothers over the
age of 60 were found to have the regular care of at Jeast one grandchitd.
The geandmother helps her married daughters and sons liviag in neigh-
bounng streets yust as they help her, In the last twenty years in Britain
there has been an increase of over a mullion in the number of marricd
women ot work, I believe this increase is refated to the increase in the
pumber of grandmothers in the pcpulauun The upshot 13 we need to be
carelul about aur of the number of in
the population and how far old people depend on or support ‘others,

B, Benjamin. | qqig_c agree »yi(h 'h‘k,_Tgwme_r’x’gi. _?hc s_(_:‘(cxzxfn_lin_ my
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Cormmittee on the Economic and Financial Problems of Provision for
0ld Age™ (1954, Crnd. 9333, HMS 0)

£ Mok Mo Pamiome’c ccat o teal w2 0ot 44y,

Lue wnole pupulaton

Reference has been made elsewhere to the greater suryival rate of
women but I believe that the general impression is correct that though
women fast 10ng:f thcy setm lo age more completely whne they are

i en

THE PRINCIPLE OF anaLys)s
BY COHORT AND ronToun
Fg g
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(i.e. date) and the other in equal intervals of time added to the starting
age of the animal. If for simplicity we assume the starting age to be zero
also, this axis will be age.

It is now obvious that observations relating to the original batch of
animals will fallraiong.n diagonal (m:xr}':d “cqhox:t ) of this grid. 1f

N ' . te SERLI . .
is kept under diffe envir 1 diti we should not regacd
the record found 1n a vertical column as a biological statement of the
mortality experience of the type of animals used, since ech successive

MEASUILS Avatavie o e al caln age in ver woras, ey weie d
batch of anmals hept under different conditions.
o e LT iy i

p? oln Pran coman

England and Wales 1n the last century when viewed by cohort. (The
figures are drawn from a quinary-quinquennial grouping and the coharts
labelled with the central birth-date of the group cantributing to the kle-
experience described).  In order not to overload the figure, cohorts
spaced twenty years apart have been selected  The progressive improves
ment sn mortality expenence s shown, and it is now clear that fo estra.
polate these curves, which s what must be done (o obtain an expectation
of life from this method, would be nothing but guessing, 3

I should ke to make st ¢lear that I do not tlaim that one slntnsf;iaz

N R N

accountug.

Miss £ A AL Bradford In i the supposed financial bucden
af the aged tt 1s well to remember that, as time goes on, with the con-
tnbutory pensions system people will, 1 cﬂm."hg paying |_hc'r£ own

. f - Ly et e . Y .
Pensions, as now arranged, are not a chanty to the aged !:qu uy &
beacvolent population but a conscnieat means of compulory g;&)n;zl!lpr
those who cannot, or wilt not, save during their best financial period of life.



Demographic Aspects of Ageing 78

«-. e I ] «vy . )

#ao ;5'\ wr gt L 3 (0 st

oo -
;

00 s

oo

ALL CAUSES
1560
naoi

AGE-SPECIFIC
B0k DEATH RATE

RO0F pER LOOQ LVING
NooL  PER YEAR MALES
1000
300 400
oo {1100
100 200
o 06
500 qr200
400 q1100
00! {100
90 {roo
'”L_"\' e {s00
RidaNCas i en S S pE R Ty 700
0o AGE [1-5)
529 £i-g-3
w0 00
10 o 300
20 . 200
10 ¢ 1a0







TTH AGE IN

FUNCTIONAL CHANGES W,

RELATION TO THE EMPLOYMENT OF
THE ELDERLY

By
W. Hosson

Department of Soetal and Industrial Mediawne, Sheffield University

Terer mp mheTdoan

ase UL WOLLICWL 40 Sixty-hive 10 the case of men. But the drset of
et it

“Whis 1t ;my be dufficult to define old age as far as the {ndividual
15 concerned, it 1s Sometunes easrer 1o define ageing 1n relation to the
nermartian Af 3ot T . .

o . aa phubias BIELE TENUS 10 DE celiular almphy, Tai.\y
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pleura, carlage, tooth pulp, valves of the heart and scar tissue,
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t the eneqial senses are very i_xqpm:tan‘(‘ mL(.letem'lt,t}I‘:gg
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d, 1§ TOTE COMuswis sin + ~ .
tal:"t‘zm::sc:]cwsxs of the labyrinth. ‘This can be most distressing,
leading to falls and fractures, and is an important cause of impaired
mohility (Droller and Pemberton, 1953)  Visual acuity and the
- . - 17148 s%ea meimemnm gmount

R

accuracy, that 1 the great majority ol people puysuIUbicut stuvss
cence m the human lens is reached at the age of fifty years, but it
begns before puberty

Untl recent years, we have had little information on the normal
ranges of many of the biochemical vanables, and even the values
for younger age-groups are often based on 1nadequate figures. Thus

serum cholesterol, serum alkafine phosphatase and blood urea levels
are all higher than 1n younger age groups,

Physical Capacity

full of snags and do not necessarily apply to conditions as found in
occugalmngl situations Tt 15 well k}:\g\{n that after maturity, the
speed reaction time and strength of skeletal neuromuscular mechan-
wsms are d.:crlcascd~ I moderately hard physical work there 1s very
o older persons, apart

. svere work, however,

¢ with age; the chief
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rate, and i o rao.

L
rate of 74 e - stplee of tachyeardiy
Symptoms a .. -3y Conspicyoyg than jn Ounger Persons
and mingr deviations take on 4 greater significance, Repair js much
slower ang there js 5 Harrower mnen.. oo 1S anaemis jg
™much more defrims.o ! o

. Jherise in | L eu known, but
1 is mych mor. - Y oV LIS becoma Pathologicaf. It
is clear that Muny old People cap Temain perfectly heallh_y With 3
raised blood Pressy, obson and Pemberton (1953) found, for
example, thay 1 Sampl; Id p ople iving a¢ home,
43 per cent esting diastofic bloo, Press 1 hmetres

€, ¢
Which, althoug in a Younger Person they Would pe of clinica]
sigmﬁcance, appear to” pe f little 1 Ortance jn e elderly,

hus, Mmuscular weakness, brisk knee Jerks, Wasting Pupts which do
1ot react ¢o light, and Josg of Vibration sense, cap all occyr in the

2bsence of 5 vide; Organic dysegse ‘milarly, thercan:ccrtam
menta] changes which haractensuc of old » Such as Impaired
memory for which may make j¢ difficult 1 take an

recent evens, e
accurate pygyo,, - Apathy and depreéssion have mportant effeets
01 behavigyy,

There cap be Iittle doubt thy, an adequate well-balapeeq dict 15 an
Important factor 1 Preserving the health of the clder| Y Menta]
factors characterysy,e Of the el Iy such as apathy ang forgetfulness

i & monotongne °~q
nadequate diet. In ad ttion, atrophc chame-. . .
tract which, an haye mnor 0 20
OF Instance, achlor}
Over the gge of sixty " =~75 il Ihe
concentratygn of pe; S actvaty gy oﬂ“mnrkedly in
later Jife (Mcycrt Splcr‘and Neuwefr, 1940), Recent surveys have
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1anges 1 the skeletal sys n have ap €normous effecy upo,
Person’ ysical Capacity though they might pe quite “yp.

Iportant ag ger to life, mples of these are arthritis o,
€IS Of the feey, ¢ ! very Rheumatoid arthritis, p,
mple, limits greatly the skifled Work that cap formed y

1and. Sreat disab,fj. musician or typist or to th
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15¢wife, Osteoarthrgjs and Spondylitis of he Spinc are bor, very

pling deformmcs fora labourey, The tendency to dccalcmcanon
Pparticular danger when falls ocoyr,
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¢ enma arneriments of a rather

\
1
t

e

Sy

. e

entrance and admimstered again thartyjyears jater snowed Wal seuals
are on the whole hugher on the re-test,

It would appear that aithough many age chanlges alrg cun!inu_(_n:\_s

1
R . . ot
seventy.

There 15 a great need for further research in this field and we
Tequire more wformation on the actual occupational capacity of
different age-groups The selective process which weeds out the
more unfit with increasing age, complicates studses in this field and

indicates a need for longitudinal follow-up studies of groups of
individuals in younger age-groups,

Chronic Sickness in Ol Age

= pm praviugd, e st
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and are more marked. There is o similar decrease in dexterity.
Older men who have had mechanical training appear to be able fo
maintain the speed rates of young adults (Miles, 1954), This lends
experimental proof to the well-known observation that experience
and chncc can counteract the increasing disabifities of ofd age.
Smith (1938) made a study of men of different age-groups working
under conditions similar tg those found in factories and he confirmed
the observations of Robinson that in short periods, or with moderate
work, the performance of the elderly was comparable to those of the
younger age-groups. When, however, the conditions became
arduous, there was a definite decrease in the ability to perform high-
speed manval work. In all age-groups, howevér, there are great
variations in individual ability, so that some of the older workers
were able to better the performance of some of the younger workers.
This 15 an important consideration and emphasizes the principle that
individual differences should be taken mto account whenever the
capacity of elderly persons ts bewng considered.

Especially important w old persons is accident proneness. De
Silva (1938) found that many of the components mnvolved i the
driving of a car showed a steady deterioration over the age of thirty
years but the mileage driven per fatality showed an improvement
with increasing age, at any rate up to the age of fifty years  Vernon,
Bedferd and Warnar (1928, 1931), 1 thesr studies on the acadent
rate in coal miners, found a decrease in frequency up to the age of
fifty years and that mcreasing carc and expenence ¢an counteract
the decreasing performance which might be predicted on the basis of
physiclogical factors alone. The figures for absentecism are of
interest in thus respect but the results as one would expect are con-
flicting since they are iased by the fact that only those able 1o
maintam good attendance records reman employed

Intellectusl Changes with Age

A considerable amount of work has been carried out on the
refation between intethgence and age and changes are found simular
to those noted in sensory and motor efficiency, particularly where
speed is comcerned. This decrcase 1n the score achieved in the
intelligence test takes place near the age of fifty years. Agan there
are wide individual differences in every age-group. The smoothed
curves indicating the decrease with age in intelligence test scores
take the form of a parabola, with a rapid rise up to the age of filtcen
years, reaching 4 peak about the age of twenty years, and a gradual
fall after the age of fifty years, with a more rapid decline after the
age of seventy years ) )

"The ability t learn depends largely upen the intelligence, so that
memory function, ability to learn new tasks and tasks involving the
relinquishing of old habits are found to be more difficalt for old



Functional Changes with Age Kl

=+ '+ ac—a=" One thing Is certain;
ry broadest generaliza-
15 are so very diverse
sch in their capabxhucs,
. - searcl

n.,.-:,..-.

‘
advisimg on the employment 0L lug tiutiiy.

References

Bloomfield, A L and Polland, W S. 1933 Gastric Anacudity® lis Refation
10 Disease New Y

ork.
De Silva, H R 1938, Su Mon, N Y., 41
Dmll:r, H, and Pemberton, J 1953 7 laryng
C 1955 OM Age in the Modern World London, E. &S Livmg-
o
Hnmsworlh,H P apdKerr, R B 1939 Clin Sci, 4,15.
1 - R Tho Healih of lhe Elderly at Home.
' ntern Med , 65, 171,
' = /EJ Su:glnz, 3rd edition,

London
Owens, W A, 1953, Genetic .P:yc{mlogy Monographs, Massachusetts

1931, Rep indus Hith

R

Wellord, A T 1951 Skiltand Age London, Geofirey Cumberlege, Oxford
University Press

Weston, H C 1949 Trans Ilum Engng Soc, N.Y, 14, 281-297.

DISCUSSION

T. Levitt. 1 was very intry
cholesterol in normzlgy sued to note the high values attained for

en (405 mg. per cent) and normal women (481 mg.
pet \xn\) Thc valucs for alkzhne phospha'ase were slmllaxl;\ glgh‘?ugp

W Hobson The survey was carm
people over pensionable aée 1?\-7mg attgo?r:x:, 9a.a random sample of old

ether ak
5‘{,?;? ns&o:;eilh;u:ge eswggeﬁe b:f ;‘llscase‘ ‘I conslgenre &;m‘:ysg:r‘;s:n
ul classed as bes i
We excluded any cases wh!ch were suﬂ'enng fmg ga %ﬁiﬁ:ﬂﬁ‘fﬁ"@? la
n the serum or alkaline




78 Hobson

one-third, of all over 65 suffer from impaired physical capacity as a
result of chronic disease.

Age and Retirement
. The evidence would seem to lend no support to the idea of fixing
sixty-five years of age for retirement from employment rather than,
say, seventy, In view of the wide variations in abilities found in the
older age-groups 1|t might be thought desirable to have some means

person from continuing work after the age of sixty-five years, for
example, severe angina, a previous stroke or failure of vision. Itis
important to remember that those with the best educational and
cultural background show the least change with age and any diminu-
tion in the powers of critical reasoning may be more than com-
pensated by the knowledge and wisdom gained as a result of
expenience. One thing is certain, and that 1s that there 1s a great
need for more refined tests which will measure intellectual capacity
in the aged. The present tests do not measure many of the higher
mental abilities and tend to discriminate against the elderly, particu-
larly where speed 1s a factor. They take no account of dithiculties
due to physical disaby; for ple, deafi tinnitus, defects
of vision, tremor, weakness

Although prior to the war the percentage of elderly workers in
whole-time employment was falling, it would appear that this trend
has now been halted; at any rate in 1954 there were employed in
this country, 870,000 men and women over pensionable age and
230,000 over the age of seventy years, Fleming (1935), in a survey
0 AR SRS A Piel

atanl s drictonr Bar chmvn that

. .. L . . . Ty
o L . . ap-
power than others.
- . N Lop repmeed et e I-demesing wotker. The
' ' 4 ot . } seventy years,
i ' . + . tly raised the
. H r hugher educa-
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7

S«ez\rs of age. X .
According to Fleming, what is required is, “. . . an approach

which inclsdes one or several of such industrial procedures as a
periodic medical check-up of such persons, job analysis and work

study applied in this connection, later-age counselling or retraining, or
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wotk if its health and general conformation allowed; or it might be
disposed of for relatively light work on a f2rm, 1 am informed that
2 Corporation horse of a goeds horse on the railways employed on
Theavier work but at a slower pace might, after having been acquired
at six years, enjoy an average working hfe of a further eleven years
©OF Tore,

1t 1s mpossible, however, to discuss the subject in brief, because
much would depend on the hours and conditions of work. When
men become legally entitled to work shorter hours, so usually do
their horses; and the working kives of horses may then be profonged
by the resufting avoidance of colic, undue fatigue and strained
tendons  The market yalia af n hamea f- oo 200 e

sonllalive 8s 4 Waugnl ammal  Among horses that survive the
hazarde of innwey Awanea =3 Joce 7 v
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from b f twenty-five to
thirty y . of its reported
WOTKINE 11¢ 36pme 1h mart cnma womaanal 77 v H

" With segard to the working hves of timber-hauling e)

) X ephan
l:epanlr’nenml Instructions for Forest Officers in Bugmzap(w;&s;
f;:é‘:n:’gt“f?: purposes 9i. valuation mature anmals wonld he

cler
S5tt
R R TN T 1Y
;:‘:S 5:.’..:0?65.“ t of overwork would evidentiv Hut wastage due to
; - - o 5
' r
" TR
wafficient
in

~ ", and
wse their great de suge e it DAy cause the fof
thiy, ¢ Breat development of muscle g rearms to

nd the lees ta heemma



82 Le Gros Clark

shown by younger subjects for heavy work, heat, humidity, long
hours, etc.  The evidence from these sources may or may not be
refevant if we happen to be deating with ageing subjects who have
been for many years exposed 1o the same conditions. It would be
more profitable 1o exumine patiently what factors are applicable to
ageing subjects, possibly indecd to ageing subjects nlone. In other
words, we need a type of job analysis that takes aceount of the
physical and psychelogical changes we suspect to be characteristic
of advancing years, Hut we have one preat advantage, The tasks
carnied out by an ageing man or animal are usually ** constant ” in
the sense that they have probably been on the same jobs for most of
their working lives. Any dechne in their effectiveness or staying
power 15 thus measurable or it can at least be described in objective
terms. The results of a study of this kind have always to be redueed
to a statistical form, because the tasks undertaken are so varied and
the characteristics of ageing differ so widely from one subject to
another, If we carry our mvestigations far enough, certain common
patterns and common factors should begin to emerge. Though all
rescarch of this kind is necessarily labonous, our consolation is that
we may discover ways of easing and possibly prolongyag the useful
working hives of innumerable elderly men; and this would often be
of far greater moment to the men themselves than the mere Rnow-
ledge of an approactung dissolution.

I am more especially mterested n the human problem, not only
because 1 am human but because it scems to me that we have
reached a stage m our affairs at which all records of the working
hives of draught animals are gomg to become progressively less
available to us. Industnal and agricultural undertakings that may
formerly have kept reliable records are replacing horses with tractors
and motor vans} the old records have often been long since
destroyed, and annual redundancies among horses are making
carrent records, such as they are, virtually uscless for estimating the
average working life. The literature of the horse is curiously lacking
1 statsstical mformation on the subject of ageing. For the most part
we have to rely on the memories of experienced men. The range of
ages up to which a horse may contiaue on the work for which he had
origmally been bred or acquired is naturally a fairly wide one; but
an age of 10-15 years is commoniy stated to be the average, Ens-
minger (1951) says that ** the market value of the animal mcreases
rather sharply with matunty and then decreases beyond cight years
of age. On the other hand, for many purposes horses arc quite
useful up to twelve years of age or even longer » It appears that in
fondon the raflway yards would mormally have been acquiring
horses at about six years of age; and the medum-built trotting
horse used in the hight parcel vans would then have been expected
1o remain on the job for an average of six further years or maybe
less. It might then be transferred to siower and possibly heavier
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of men aged 60-64 in various large occupational groups who
recorded on their census forms that they were by that age already
in retirement, ran as follows:

TapLe |.—Percentages of Men aged 60-64 who had already retired
from the Occupations 1n which they are Classified.

Percentage

Occupation already in retirement
Building Workers:

(Bricklayers, Plasterers,

Labourers, etc.) 50
Painters ... ... .. . 62
Farm Workers 67
Textile Workers .. .. ... 68
Plumbers .. .. .. .. 71
Workers in Wood:

(Cabinet Makers, Carpenters,

ete) .. .. 18
Dockers 79
Coal Miners 101

Though Census figures of this t

ype have to b it
1t scems probzb}e that most of the men whg h:[l:a;at;]‘ljel;lhcauuously,
retsrement had in fact Teff warl oloamaitoe oo 15 s oY were i
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Williams  (1953) records the occasional use of “old crock
clephants ” (presumably those over 55 years or more) in pushing
and lifting logs with the head, tusks and trunk from the sand banks
of tivers 1nto the main channel. This fs described by him as “a
form of work reserved for penstoned tuskers suffering from old age,
deformities or incurable wounds that made them unfit for harness ",
As for the final cause of death in old age, Evans (£910) says that
death may occur suddenly “ from long-continued and unobserved
disease of the heart. The heart on post-mortem is sometimes
enormously enfarged and may rupture from extreme exertion ™, He
adds that 1 old ammals degeneration of the blood vessels may pre-
dispose to rupture, and that thus may be brought about by violent or
prolonged exertion, A further description given by Williams (1950}
suggests that he considers deterioration of the heart a fairly normal
cause of death in aged elephants. * His cheeks are sunken, his
teeth worn out.  Gathering fhis dady ration of 600 fbs of green
fadider has become too great a tax on tus energres, and he knows he
is losmg werght  Old age and debslity slowly overtake bum ™

in o personal letier Lient.-Colonel 3. H. Williams has wntten, * 1
would say that an clephant of 50 needed particular watching. He
was placed 1 the comipany of younger anumals, that could take the
biggest straun, the longest haul and the heaviest ttmber . .. I he
lost condition at all at that age, 1 was doably difficult to put it on
again. ... The first sign of age really affecting the ammal’s work was
Joss of power 1 his legs. In other words, he looked as 1f he must
sit down to worh rather than stand. He gave the mpression that,
1f his head and tus trunk could be used without taxing his strength

by clunbing the mountam side, then fie hieid his own, , . For this
reason, at 60 years of age, generally speakiag, the aramal continued
his work on the flar wirh Ins sushs, trunk and forehead. ., 1have

hnown many clcphants that continued until they were 70, and thc%!
were mostly on that work from 60 te 70 years of age. Belween 6,
and 70 they often showed signs of mddiness, shghtly staggenng i
kept long hours ™

The agemng man in :‘ndus!rf' has naterally beep more closely
studied i recent years than have horses or elephants, But no
attempt will here be made 1o review the hterature of the subject, 1
shal confine myself to a few examples of research procedures that
seem to be yelding good practical results.

To demonstrate briefly how the statisyes of occupation, heajth and
age may be combined for the purpose of rescarch, I will ask what

roportiens of warking men are hlely to have become more or less
ineapacitated for further work by their md-sixti¢s. In mostmanual
occupations men do not retuc by choice before they reach the

casionable age of 65, Men have nevertheless to pass info retirement
gcforc that nge 1f they are compelied to do so by tnjury of sickness.
According 1o the 1951 Census (1 per cent sample), the percentages
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A study of industrial records usually enables us to arrive at a
provisional estimate of the rate of wastage in old age, provided the
Tecords have been kept with sufficient care, As an example of
provisional estimates of this kind, I reproduce a table that was
based on small samples of ofd building workers, bus drivers and

us cond! The are suggs of the signifi of
the Job itself in determining at what comparative ages men have to
leave their various occupations. The records were taken without
bias from amang the records of men who had recently Jeft :mf!:lo -
ment and were traceable to the last moment of service with the
undertakings in which they had been employed  Some allowances
were made as far as possible for the relatively few cases of men who
had not b :maaled st:\el)r}ayt teason of old age, sickness or

Anattee e

butiding Workers 1n my sample were employed on maintenance and
repairs; and they probably had a better avérage chance of surviving
fate on the job than they would have had under the more arduous
conditions of constructional work,

Tagig [ —Rat

e of Industnial Survival as aff
nate of Ind as affected by Age, 1) health

Age 60]63165)66)67)68)69|70

Budding  Workess
(320) per cent still

on job v [ 100189 (83|75 63]55]46! 32

Bus Drvers (150)
per cent sull on yob | 100 | 86 { 78 | 50

215 7
Bus  Conductors
(150) per cent stit

on yob 8518013502623} 16 11

It must be noted, then that tha vammuee - -
all traced from the tir "
€0. 1In each case the .
at that age apparentt
Sucgessive years .pr,
their oceur 1ons by
fact the industrial s,
Whether those who

he h | wmspea UL el
lomary jobs found some light altern t‘;vc Joriei;:e:\oxsiocx:sc‘sh :\::
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year, from the mid-fifties wpwards, reaching a level of 89 per cent
of all the men at risk at the age of €3¢,

While statistical evide~-, oo L
retired before their . noelt
several years earliet 5 essvan S1CKNESS, i seoms yet
certain that the ailments of old age increase steadify from the mid-
fifties onwards, By the time they are due for a State pension, at
least 10 per cent of the men may probably be reckoned as more or
less beyond further wark. It would nof ha e~ -~ ]
estimate what neemn-tis T .- t

by rea ’ .
tear, ) . T N v tavar
work; ) B o e aume Concessions in the hours
watkea vt e part they play in a labouring gaar e thes y
seek transfers to some edtaee - .
indubitably b
and research ' ‘

1t s possible '

figures.

In view of v vovinne <
ments shonld be m 3 . >
essential to know 1 R t
Yilalean " - . : ¥

¢ . . . .
€ . . -
r: e
ated by the 1
af a working . .
workers on t. +vues wias AUTR L0 Continve 10 "*7
retiring age.  Un other oneeatiane 11 -
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health. Heavines. . N
tempo of work, dic '

in other words,s * . f
the work that seems . L e 1IOVIGRCE AT S
given opportunities sui agusting the mode and timing of fus work
progressively to lus age, there is probably hitle reason for supposing
that an expertenced healthy old labaurer could net accommodate
fhimself in comfort 10 most of the strains rmposed by any heavy
Iiﬁing, excavating, etc, he has fo undeniake But Belbin do‘:s‘ ‘n's?:
mention that the various hazards, emergencies nnd sren=>- S
that & man mav aneests Lo v .
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A study of 1ndustrial records usually enables us to arrive at 2
provsional estimate of the rate of wastage in old age, provided the
tecords have been kept with sufficient care. As an example of
provistonal estyimates of this kind, I reproduce 2 table that was
‘based on small samples of old burlding workers, bus drivers and
bus cond ‘The contrasts are sugg of the sigmfi of
the job itself in determuning at what comparative ages men have to
feave their various oceupations  The records wese taken without
bias from among the records of men who had recently left employ-
ment and were traceable to the last moment of service with the
undectakings in which they had heen employed  Some allowances
were made as far as possible for the relatively few cases of men who
had not been remu“fcd _‘so(_ely .b): reason of old age, sickness or

Aanthe Wt s csn

Uuiuuig Wurkers 1n my sample were employed on maintenance and
1epaurs; 2nd they probably had a better average chance of surviving
late on the job than they would have had under the more arduous
condtions of constructional work

Taste 1l~-Rate of Industrial Survival as affected by Age, Til health
and Death,

Age 60{63165166(67)|68|65]70
Bullding  Workers
\329) Per cent still
on job PN 100 |89 )83 | 75| 63 |55 46| 32

Bus Drwess (150)
percent sullon job | 100 | 86 ) 78 { S0 |31 |21 )15} 7
Bus Canductars ]

(150) per cent stily
onjob .

8013512612316 11

1t must be noted, rine -
all traced from the then. that the warin- o
60. Tneacheasett v
at that age apparer -
successive years .

thetr oceur yons b
fact the industrial
Whether those wt
customary j . X '
mary jobs for v sstiualve WOtK, in Taost cases we
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do not know; but a number of them certainly made an effort to
obtain further employment.

The decline in numbers over the mid-sixties is not invariably, and
fcrhaps not even lasgely, due to a tradition of retiring at 65 years.
n several industries men scem to delay the moment when they go in
search of a less arduous job until they have the sccurity of a pension
on which to fall back; and they cline thus to procrastinate in spite
of ancreasing strain or disability, Cumufative evidence from a
variety of sources suggests that in many occupations at least 20 per
cent of the men are compelied by their mid-sixties to moderate or
change their form of work if they are to have any prospect of
remaming in settled employment. “This 20 per cent lies over and
above the 10 per cent of men who have probably by that age been
forced through chronic ill health into final retirement. The pro-
portion for whom concessions become unavoidable increases there-
after roughly with the ages of the men, though in some occupations
{e.5. bus driving or work at a coal face) few allowances could be
made for a man's age.

What I am suggesting, then, is that the working lives of animals
and men offer us a chance of glimpsing, and even 1n some degree
measuring by a reliable yardstick, the physical changes that in-
dubitably characterize old age. Under favourable conditions of
care and health working animals could provide us with the better
subjects for study, because animals presumably have Jess regard for
conventional ideas about old age and about the proper age of retire-
ment. But, as I have said, we have possibly come too late in history
to wuse draught horses and hauling elephants for rescarch of this
kind, The study of men under industrial conditions will snvolve us
in Work Studics of a very special type, in which we shall have to
distinguish what varied factors in the relation between the ageing
men and their jobs are making it necessary for the men either to
moderate or to change their form of work. We should have to
avoid ready-made theories and presuppositions. The method of
research recommends itself, because in our ignorance of what
haéxpens 1 senescence we should at least be observing men just as
old age was undeniably overtaking them
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DISCUSSION

W. E. Kershaw. 1and my colleagues have for some time been interested
bolh m lhe longcvlty of parasites and of their msect vectors, and in the
mihich may he termed lhe * infective potenual " of

time proved to be of two types, slo "
m ther distnbution.  We g
this difference should o

g normal and others jog-nor
are at the moment unable to uudcrstga:; vr-‘;;?
ceur and what its significance may be,
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being developed all over India as asylums for cattle which have passed
their accepted working hfe.

The second point arises from the discussion on the propriety of a fived
retiring age. While from the biological point of view there is much to be
said against fixing a retiring age, any form of social insurance would
appear to make such fixation essential. We are faced in the tea industry
in India with the introduction of a socxal insurance system involving a
statutory provxdcn! fund and
but since it is at present virtually mpossible to terminate any worker's
employment, apart from senior executives, I find myself bound to support
the fixation of a definite retirement age. While naturally biological
factors must be taken xmodaccount. the reasons for fixation are not so much

as fi an




PSYCHOLOGICAL CHANGES WITH AGE:
THE PRESENT STATUS OF RESEARCH

By
Avastalr HERON

Medical Rescarch Council Group for Rescﬂrfh on Qccupational
Aspects of dgeing, University of Liverpool

It is perhaps 1mportant to make it clear from ‘lhhe ‘o}ntset_thagltpe

perfectly understandable: there are a great many old people these
days, most of whom are 1n need of care, of nnderstanding, and of
workable solutions to their difficulties, Nevertheless, here as else-
where in the biological sciences puse and applied, it is likely that
preventon will m the long run prove better than cure; if this be
agreed, then it 1s the process we must study, rather than the end-
product

As any organtsm develops, it changes; as man is a relatively
complex organism, the changes will naturally be difficult to assess.
Ljore mportantly, as the time-span within which these complex

T wreswuit avguiug it PSyClldiIe ana psychologic
changes with ad age, little l:x)\lsls nsgln
what these changes are or what they mean ™ The purpose of the
present review 15 to gather together some of the more satisfactary
research matenal m such a way s to indicate points of departure
{c orﬂ(‘rcsb enqun)ic&

each (1954) has that three fizations may be
made about all aspects of organic deve ,
two ate sufficiently familiar 12::7 e amnili?vg"m‘?&‘-?'{‘—iﬁie— ‘ h“:' flst
N .

<
t
i

1
= e auk wulislanl, QUL f1S€S tO a i
particular age and then decreases ™ s at o

The outstanding feature of o i
i UL present picture of the -
mental process is certainly one of faling potentialities, anddi:‘;;]i‘;gt
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be tempting to regard Beach’s generalization as but a different way
of saying just this. There is however the other aspect, allowed for
by Beach, but not so often noticed in the general literature on
ageing: a “decrease in sensitivity to environmental influence ™
may well ref a psychologival t—but only if we are pre-
pared to regard man as morc than an input-output systemt. The out-
standing work of Lehman (1953) leaves us in little doubt that, so far
as the creative intellectual ficlds of endeavour are concerned, both
quafity and quanuty of output reach their peak early in fife—in
almost alt fields before the age of 40, But he does note {p. 330)
that “ as a result of positive transfer the old usually possess preater
wisdom and erudition. Thess are invaluable assets."” Wisdom may
well be the fruit of the contemplative years which lie beyond the
point of *“ decreased sensitivity to environmental influences "—but
by its very nature seems likely to prove resistant to objective measure-
ment. This bemg the case, it is only natural that most of the quanti~
tative findi so far p d in the l , being of a kind
dependent on d i between the organism and the
environment, should tend to show varying degrees of decline with
age. On the available evidence from medical and physiological
sources, Lehman (1953, p. 328) is probably justified 1n stating that
** a decline occurs prior to 40 in physical vigour, energy and resist-
ance to fatigne . Adverse changes with age are also characteristic
of the two principal distance receptors—the eye and the car. For
practical purposes 3t would appear desirable to face the fact, how-
ever unpalatable it may be emotionally, that in Lehman’s words
* possibly every human behaviour has its period of prme ™. This
done, it may be easier to see the objectives for psychological research
on the process of ageing as being m the words of Bromie  (1956b),
“ to point the way towards reduced stress and greater achievement
during the mature and decliing years™. These are * applied
obyectives "'} the approach to them must be made both by the durect
route and by the more awcuitous path of relatively “pure ™ ea-

quiry.

Perception

Reference has already been made to the cyc and the ear: lest
therr pre-ermnence be questioned, we may do welf to note the judg-
ment of Sherrngton, as quated by Adran (1949) ™ The distance
receptors ate the great mauguraters of reaction . . . (they) ntegrate
the indwvidual not merely because of the wide samufication of their
arcs to the cffector organs through the lower motor centees, they
integrate especrally because of their great connections e the lugh
cerebral centres,” . L

Loss of elasticity in the lens starts in chxldhoqd. rcsul.!mg in a
gradual narrowing of the range of accommodation, while acuity
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for distant obyects begins to show decline from about 45 years of
age{Crouch, 19; 45 Dennis, 1953).  Adequate knowledge of changes
1 the perception of depth and of colour is not yet available, but
McFarﬁmd. and Fisher (1955) have shown that complete dark

sound stunufa *as reflected 1 decrease in mean maxima and
minma pupil diameters, extent of constriction, and résponse
vt e NSOyt Su R S

i UL liits numer many may be helped by surgery or by visual
$

Sofaras i_:earing is concerned, it 1s well-established that thers is a

— . . b owe wad MU YLL RUES

o n,“ l\\x‘n;‘msmuu. whie 1t may be possible that !hu’nurmzl

Cecremental ;::;:;ss dmay be accelerated or 1ts results made more

b “y‘s ;mw;]n:mlxugh-m}cnsxty rioise in the working environ-

older'pnmm to maivnaina a’leoa‘xsdy::{,::tkeg::g“nd stEﬁmcls aslSiStS the
Finally, 1t is worth noting that n e paation tovel.
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be tempting to regard Beach’s generalization as but a different way
of saying just this. There is however the other aspect, allowed for
by Beach, but not so often noticed in the general literature on
ageing: a “‘decrease in sensitivity to environmental influence
mnyi\':’cll rcprfsem a psycholpgical asset—~but only if we are pre-
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quality and quantity of output reach their peak early in life—in
almost all fields before the age of 40. But he does note (p. 330)
that * as a result of positive transfer the ofd usnally possess greater
wisdom and erudition. These are valuable assets.” Wisdom may
well be the fruit of the contemplative years which lie beyond the
gm}u of ** decreased sensitivity to environmental influences *'—but

y its very nature scems likely to prove resistant to objective measure-
ment. This being the case, it is only natural that most of the quanti-
tative findings so far presented in the literature, being of a kind
dependent on continued interaction between the organism and the
environment, should tead to show varying degrees of decline with
age. On the available evidence from medical and physiological
sources, Lehman (1°7  "T™° e G T e
“a decline occurs | * T
ance to fatigue . L D L
of the two principal distance receptors—the eye and the car. For
practieal purposes it would appear desirable to face the fact, how-
ever unpalatable it may be ionally, that in Lehman’s words
* possibly every human behaviour has its period of prime **. This
done, it may be easier to see the objectives fordpsychologicnl research
on the process of ageing as being in the words of Bromle (1956b),
““ to point the way towards reduced stress and greater achievement
duning the mature and dechining years ™. Thesc are * applicd
objectives ”'; the approach to them must be made both by the direct
route and by the more crrcuitous path of relatively ““pure” en-

quiry.

Perception

Reference has already been made to the cye and the car: lest
their pre-eminence be questroned, we may do well to note the judg-
ment of Sherrington, as quoted by Adrian (1949): * The distance

are the great gurators of reaction . . (they) integrate
the individual not merely because of the wide ramification of their
ares to the effector organs through the jower motor centres; they
integrate especially because of their great connections in the high
cercbral centres.” L.

Loss of clasticity in the fens starts in childhood, resulting in a
gradual narrowing of the range of accommodation, while acuity
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Tor distant objects begins 10 show decline from about 45 years of
age (Crouch, 19; 45 Dennis, 1953) ~Adequate knowledge of changes
1n the perception of depth and of colour is not yet available, but
McFarland ‘and Fxslécr‘(l%é) have hm‘\_m thaLt cnmp\gte dark
adantatine fa  tha @anl Toral ap dlabiand Foace sba ands - 3

sound stimula “as reflected m decrease in mean maxima and
minima pupil diameters, extent of constriction, and response
velocity . After drawing attention to the need for studies of such
varlabies as states of stress, tension and fatigue, and the effects of
vatious druss. she adds the nocitwe nata that © +ha 14, .

Lenk tave sufhcient visual tmpairment to interfere with their activities
e of this number many may be helped by surgery or by visual
aids”

So faras hcaxing is concerned, it 15 well-established that there is 2
progressive hearing loss with ae, principally however in the higher
Eﬂ“m?:s aiio:m. 2}}00 cps. This results in problems of inter-
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Motor Performance
The development of muscular strength, according to Fisher and
Burren (1947) * follows a systematic trend with an increase up to the
Iate twenties and a decline, usually at an increasing rate, from that
time on ™. Simple reaction time 1 response to an avditory stamutus

tion has yet come to the notice of the writer. Apart from the
apparent differences in experimental technique, and the fact that the
proportionate increase for Birren and Botwinick's study is double
that for Obrist’s, the two investigations agree in providing evidence
of a slowing down with age.  Birren (1955) elsewhere quotes
Rashevshy as his anthority for stating that ** i general, the stronger
the penpheral stimulus, the shorter the reaction time™. The
relation of this general observation to age might well repay close
experimental examination.

lovement time was unti} 1 ly also regarded as showing a
marked mcrease with age, largely due to an early study by Miles
(1931), However, from evidence presented by Leonard (1953),
Szafran (1951) and Singleton {1954), consistent with the general
findings of Rubin, von Trebra and Smith (1952), it seems clear that
although there is some increase (mamly after 4550 years of age) it
is small 1n relatson to that which has been demonstrafed for decision
makeng at the critical points in a psychomotor task. This leads us
directly to the_studics of skilled performance in rc)ari(zn to age

Importance  So far as complex psychomotor shill 1s concerned.
ar LT > s RANOR RUR TN

or outgoing action , and of the two latter it 1s the fardure 1n * per-
A A

ceptual org: of the ing data which is the more serious
prObl - “ At WY bl LI el Ba ~onnection
with ton to the
work xplain his

results {obtained in two very satisfactory experiments on aiming)
one must conclude * cither that older persons are reluctant to rely
on reduced sensory cues in the performance of a task, or that !hf»y
need to marshal af} possidle scnsory data in task performance ™,
As the latter suggestion aself provides an explanation for mcyformce-‘
it is logically to be prefesred, and it is consistent with Welford’s
theorctical position, Welford himself mentions (I?S.?) the findings
of Weston (19492 and &) that * poor lighting, small size of detail to be
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seen, and lack of contrast between objects viewed and their back-
pround can lower speed of work between the twenties and the fifties,
even when subjects age matched for visual acity by Snellen charts
and Jaeger fest types ™. Improvement in one or other of these
respects would of course increase the available sensory data relevant
to the task, and this would consequently benefit the older pcoglc
relatively more than the younger., Welford makes the point (1953)
that analogous results might be obtained 1n an auditory inspection
task where a particular sound might be eritical,

Adult Learning
113 of course but & short step from considerations of sensory and
bt ficiency to of our present knowledge
about adult learnmg 1n relation to age, There are, broadl_y speaking,
fivemain aspects of this fund psychol topic: ntell
abilty, short-term retention of new matenal, long-term remem-

benng, kpmb&em—solvmg‘, and creative thinking. This is not of
crres thn nmls a e Va3 fhen !
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of 2 small lnss pynerisnand har mane e P ceenctoil M 0y
few” I | J EE S S
tothef . . . Lo Lo

was only halt as great. 4

The evidence concerning long-term remembering is conflicting,
largely due to the almost complete ab of longitudinal studies of
individuals and to reliance on material obtained from psychiatric
sX:le'CCtS. Jones and Kaplan (1945) present & good deal of this con-
flicting material before coming to the conclusion that * since
memory defects are frequently progressive, we are not gustified in
talhing about senile memory as a single condition. The fact remains
that memory defects are, perhaps, the most salient psychological
symptoms of ageing, both normat and pathologicat.”” Thus seems
rather strong for the available objective evidence.

So far as problem-solving is concerned, Clay (1954) has demon-
strated that when time-stress is not present, the performance of
older subjects (55+) compares well with that of younger subjects
(<25) on a sumple problem, but as the complexity of the problem is
progressively increased, the older subjects become slower and less
accurate, and finally m some cases fail to complete the task, Kay
{1951) approached the study of problem-solving from an unusual
angle by, in effect, mving hus subjects the solutron: their task was
then to think how to make use of it. He says rightly that this
techmigue ** doey give us some precision which 1s open to further
analysis. By predicting certan types of mistake 1t is possible to
confirm what 1t 15 that 1s holding up a subject’s progress . This
approach enabled Kay to combine the results obtaned in this task
with those from a roté-learning study, leading hum to the conclusion
that it was “ reluctance to discard their own ideas which character-
1zed a poor performance both in the learning and in (the problem-
solving) experiment . The imphcations of this fusion for the
re-training of older workers must be obvious, and it also suggests
the need for fresh exammation of the oft-quoted * rigidity ™ of
older people and the assumption that this is @ ** persanality ™ feature
of old age.

Furthet reference to creattve thunking a the ordinary sensc covered
by the work of Lehman (already quoted) scems unnecessary, but
attempts to tackle the problem directly by a planned study are so
rare that a recent paper by Bromicy (1956a) 1s most welcome. He
used the Shaw Test, publicized by Howson (1945) and adapted by
Promicy himsclf. 1 consists of four wooden blocks which can be
arranged in different serics, according to height, weight, position of
a noteh, and so on. Bromley concludes from the use of the test
with 256 men and women, aged 17-82 years, that * although loss of
intellectual efficiency with age does not enfitely account for the
dechne in guantity and quality of ereative output, it does account
for the major part". His measure of * inteflectual efficiency ™" is
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. . .
having in Jarge part the connotation of ** pxoduc'livity." in circum-
stances where the subject’s responses are for all practical purposes
not bmuted by the nature of the task. In view of the work of Howell
{1955) previously cited, it would be of great interest to see to what
extent vari 1o creativity "’ of “p ivity ¥, as d
by the Shaw Test, can be accounted for in terms of the ““ hold ™ and
*“don’t hold ” groups of W-B sub-tests.

Emotional Stability
. Su"l'a: as it is pos‘s‘}ble to Judge from the available literature, our

4 wiedisy 4 great need here or sound research by relatively objective
methods

Work Performance

We come finally to a consideration of whas as hems o ato s ot
effects ¢

telated . -
lﬁm is - .
the ofig,us puivliiatice 15 Mmaintainied, but | in’
only by means of in-
creased effort.  Second, a change of methad. i
mﬁ\ to be mamtaied or o mmen. 3020 £nable ackisve-
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lezxdcrs_. l_hcy found, feel older workers are capable waorkers and are
glsg) victimized by prejudices of their own about older workers.

tion. Belbin (1955) however examined the commoaly-held view
;hnt _oldcr people should be transferred to lighter work, and the
implication’ that heavier work is not suited to older persons. He
found that * those occupations which could be recognized as
heavy and strenuous tended to have a higher proportion of persons
engaged on them between the ages of 45 and 60 than did lighter
skifled operations in the same industrics .

Conclusion
: * ™ as been taken

That there is
) be emphasized
is that significant progress cannot be achieved without carefully-
controlied longitudinal studies of individuals,
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DISCUSSION

F. Verzar 1admired the excellent lecture of Dr. Heron and should like
to underhing two points which he raised.

First, the importance of evpermental psychological studies of the
ageing process. He pomnted out that there are not only detesiorations
but also some well-proved impi wents tn certain qual m the aged,

The irreversible decrease of elasticity of tendons and skin, the loss of
physical strength, etc, are parts of the basic changes in the tissues during
life. Qur main practical mm i gerontology is, I think, not rejuvenation
in the sense, or 1! of hfe beyond s natural limits,
but rather to keep the aged 1n such physical heafth that they can use what
we may summarize as their expenence for the benefit of the commumty,
Loss of physical health reduces bife & but i peri
coupled wath relative health makes the old person a teader of hus group.
From such a point of view, expermmental psychologieal research s not
anly of theoretical but also of the hughest practical value. It may be able
to show us, not merely in general but also m certain definde cases, such
as the work of factory wotkers, medical men, scientific workers, teachers,
etc,, the particular type of work in which the older - * oo
replace the younger to the advantare b~+ 7 .

I fully agree also with the secot R

Research on agemng should ot o . . : f
different ages =+~ .

Two years a . o Lt e S
started work B va OB term mvestigations
on the same euiners trom a particnlar factory, 1 which

they usually work from early youth to old age, are evamned tndrvidually
systematically every one or two years by an aphthalmologist for changes
feadng to presbyapua, by a medical officer for general heaith, bya physto-
fogust for pulse wave velocity, et The first report was given in Apnl
1956, by Dr R. Bruckner at the Basle Symposium on Experymental
Research on Agems. We very much hope that similar research will also
be started by other research groups.
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Tatroduction
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‘ i her than
that he concept of growth here adds anything other U
z‘::;usi}:;, and whereas becoming older implies mere passage of time,
becoming old implies showing signs of 'old age An {_nfgpf_zs‘s‘ it
Paaidow e O e T T e T el

ol nutntion.

Nutrition before Maturity

Maturation is the process of coming to full growth or develop-
ment, which state 1s called matunty. There are various criteria of
matunty: maximum length, ability to reproduce and the menarche
ate the three commonest A fully-grown eunuch has reached
matunty, a spawning fish has also reached matunty: therefore
neither abihity to reproduce nor maximum length can be taken as an
absolute eriterion

I A greal many eXpenments havs thrm stes ot 70
before maturity delays

of these facts have bee
1903), for butterflies (
(Chapman, 1920), for
for Daphnia (Ingle, 1

caterpillars of Lymantrig di T)E' "”‘i?zf)m; Mm;" 19?{(), iy
ria dispar (Kopec, L for tadpoles (Kopec,
1928), for the hmpet Potella \ulgnn; (Fxscher«?le\lpe, \939),‘?:\'
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f’"““‘ Mt T MceCay, Dilley and Crowell,
t. . 24, for rats {Jackson, 1937;

N Wi . * " M7; Riesen, Herbst, Walliker
Al pavedgett, 1v44, ‘tempieton and Ershoff, 1949; Sherman,
Campbell and Regan, 1949), and for cattle (Hansen and Steensberg,
1950). Northrup (1917) for example showed that undernourish-
ment of Drosophila during the larval period prolonged this and
increased duration of life from nineteen days to twenty-nine days.
Kopee (1924) fed and starved caterpilfars on alternate days, and
thereby could prolong the duration of the larval stage from about
16 per cent to about 90 per cent ?f that of control animals, the

(1952) showed that undernourishment of the sessile protozoan
Tokophrya infustoman prolonged life whereas avernourishment
shortened jt.  The most careful and extensive work has been done
by McCay and his associates.  For instance, in experunents started
in 1930 (McCay, Sperling and Barnes, 1943; McCay, 1952) it was
found that rats could be retarded as much as 1,150 days by uader-
nourishment and stll resume growth when adequately fed. They
hved longer b of slower develog of the clironic diseases
that attacked the lungs, kidneys and nuddle ear, and tumours
developed more slowly (as had been earlier shown in mice by
Moreschi (1909)). McCay concluded that the type of aliments
provided 1n an adequate basal diet mattered little in relation to life-
span; the amount of aliments, or number of calorics, was the
important factor.

Islifer * Pt « L Tt ‘ T atar .
maturity
rate? Ti. - oy T Y L
(1912) with tadpoles. The simple explanation that rapid growth
shortens life does not scem to be correct: Carlson and Hoelzel
(1946) found that intermittent fasting prolonged the life-span of
rats and retarded the development of mammary tumours, bt with-
out influencing the growth rate. McCay's undernounshed rats were
active, and although therr basal metabolic rate was somewhat
fowered their total metabolism was normal.  The evidence is
against the effects being brought about through altered rate of
development. The eflect of undernounshment is probably mediated
through the pituitary. We could suppose that food stimulates the
anterior pituitary to produce both gonadotrophic iormone, so that
development takes place, and growth hormone which allows phos-
pholipids to be synthesized in the body with the aid of esseatial fatty
acids. If these phospholipids are formed, growth occurs; if they
are not formed, through absence of essential fatty acids or absence
of growth hormone, growth of the bady does nat occur.
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i imals that

ince it is very consistently found amongst lower animal
ovi;lz.‘x?ur‘ishmen{y hastens maturity and shortens the h{fq—sp;n
whereas undernourishment delays maturity and prolongs i e, the
same might be true of man. In 1832 Edmonds pub'l_lshed his .ncvs
theory of th roducing health andln El‘ne_ve d

tamdadsn A

quand, l;SI) éonvemly, undemnu:ishm:m is known to delay
Stan WL IR TR S B A °

sumnt wadal vsilu v Wious WS LLAYE JRLOLS, lniougn ure, qudy
(1945) showed that the proportion of life-span used in r:ac}zmg
matinty it ranetant fre honhae antaeals pooile o oo

dos aun uy uRdAUOL With vitamun By, and aurcomycin, even
though these activities make them grow more quickly and mature
edrlicr ” (Sinclawr, 1951). Even earlicr (Sinclair, 1948) I hag tried
10 point out that  inenfiriant thawals too 1 5 ° = -
desirable rate o - '

We can make ; ' .

otherwise be by djestilg dnlertor pitwtary lobe extract; alterna-
tvely we can make hum heavier and Probably taller by superalimenta-
tion, Thereis indeed mongst nutritionists to regard the

, 1otund, red faced, and seated jn
ion of its folds of flesh. Duri

e rate of growth
of chuldeen, although in England and the U § et g 5.0 S0wth
bas remamed unchanged, 3t -
n rate is necessarily advanta - - . - -
since the long tume taken to -
hum;\é\ ger‘)‘us " This is a ve
cussed at the Ciba Symposiur Dy advoay -
what lonely crusade has been Jjoined by‘McCanEe 1(155'3': ll:/Aché[:::e
and \V:d@owson, 1955) 1t may be that we should consider a5 the
best diet 1n 1egard to aliments that which s PO .
phteE ikt o) .

" D
« .
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passing almost immediately into a long period of senility would be
unfortunate. To some extent McCay's increased longevity was
gained at the expense of the period of matutity before senility was
apparent. The whole subject deserves more atiention,

1 have d d aliments only b little is known about the
effects that deficiency or excess of nutrients before maturity has upon
senescence, For instance, Fritsch (1953) found that the amount of
pantothenic acid in the medium was an important factor in deter-
mining the life-span of Daphma; this and similar observations may
complicate some of the results obtained with undernourishment.
Lansing (1942) found that rotifers live longer in a medium low in
calcium, and he suggests that senescence is caused by an increase
in calcium at cell surfaces with fowered permeability and accumula-
tion of toxic metabolites inside cells. Research 1n the field of
nutrients 1s badly needed.

Nutrition after Maturity

Whereas most of our information about the cffects that nutrition
before maturity has upon senescence is denived from experiments
upon lower animals, most of our information about the effects of
nutrition after maturity is derived from observations upon man.
There is good evidence that overnourishment after maturity in-
creases the incidence of rp=*== Aavamamstea A oaniar

In lower animals the N ' ' under-
nourishment of the larv P .o ., under-
nourishment of the imago does not and may even decrease it (Kopek,
1928). However, adult ticks, Dermacentor variabllis, that have
become attached to a host and are fecding freely, die within a few
weeks, whereas unattached adults can live for more than two and a
half years (Bishopp and Smith, 1938). McCay found that the
effect’ of undernourishment upon life-span was much less in rats
when it occurred after than when 1t occurred before maturity
(McCay, Maynard, Sperling and Osgood, 1941).

It has been known from ancient times that fat men dic earlier:
Plures crapula quam gladius (Gluttony kills more than the sword).
That carcful observer Robert Burton may have come very near the
truth when he wrote in the Anatomy of Mclancholy+ ** As a lamp is
choaked with a multitude of Oy, or a little fire with overmuch wood
quite extinguished; so is the natural heat with immoderate car.ing
strangled in the body.” Certain of those who had indulged im-
moderately in food and drink, such as Luigi Cornaro (1558) and
the Miller of Essex, were driven to temperance by the dread of their
former suf_l"cn'r!gs.
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in and Marks (1951) and Amxstrong.'Duhlm, ‘Wheatley and
a‘i‘:ﬁ(wsu Dub(lin ax)nalyscd the mortality of persons who had
been insured as sub-standard risks because of overweight between
1925 and 1934 and who were traced to [950 It was high, and in-
creased markedly with the degree ofovgrwc;g}u. /'\s}havgp_omtcd

velatively minor disorders that are more frequent in the obese mainly
for mechanical reasons; di tive ar}hnhs in knees, _hu?s and

Jrvmban oninas Feastsieacs

. o el dy sUvG Ly <€ O WWCILE-IVE
years, and their decrease thereafter is certainly a criterion of senes-
vence, It appears that appetife does not decrease as Tuch as does
gnxscular actvity afier this age, and of course there are usually

nnitriched

Syl i WU women and rarer in unders

The most interesting and important
: of the
commoner in the obese are the desensratic
renaldi - = - .
asis, Voo S
oocurit -

nereases -
nvies -
€rdioY . mway wrstiase oy 115 relaty P 4 sy 10UL
is tleq\\‘md, ot to nutrition, some discussion

have put forward elsewhere 1
easons for believing 1!

d‘“;:'i‘g ?urcr‘::si:sgsl;m;‘;‘ fz’m'k:{ndsﬁ linoleic andgal}:xi;izi:er:iacm;':
H b / prevalent in this count h
Iﬁh&hly cm!nzc:l countries (Sinclair, 1956a, c, d)lry_?;em mpds t Other
ourse easily d by oxidati by; %) se acids are of

and even by

disarders that are
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conjugation of the double bonds as by ultra-violet light. The

unnatural 7 (ailtrans or cis-irans) isomers, and isomers with
conjugated double bonds act in the body as antagonists of the
ordinary required isomers which are all-cis, * Unnatural ™ is not
an ideal term because cow's milk and butter contain almost nose of
tl}: orqury form of linoleic acid and a relatively large amount of
cis-trans linoleic; cod-iver oil contains no ordinasy linoleic acid.
This may be yet anothet reason for thinking twice about pouting
Jjugfuls of milk down the throats of children and spoonfuls of cod-
hv.er oil down the throats of wnfants. Deficiency of essential fatty
acids caused by consumption of diets Jow in them and containing
the ** unnatural ” isomers produces disorders. High unsaturated
fatty acids octur s the body in cholesteryl esters, in butyl aleohol,
1a glycerophosphatides (particulacly ethanolamune phosphatide) and
in cardiohpins (where linoleic acid represents five-sixths of the total
fatty acids). These polyethenoid fatty acids include others besides
linoleic: Cyo— and Cyp-polyethenoid acids occur abundantly s the
glycerophosphatides of liver and brain (Klenk and Lindlar, 1955;
Klenk and Dreike, 1955), and can be formed from hinoleic in presence
of vitamin B, (Witten and Holman, 1952) by addition of acetate
folk d by dehyd {Stemberg, Slaton, Howton and
Mead, 1956). This vitamin is not the only one that plays a part in
therr metabolism  vitamin E protects them from ovdation. But
much of the vitamin E in our dicts ss destroyed by the so-calied
flour improvers; and the content of vstamin B,, formerly not high,
has decreased considerably since the bread subsidy ended on Septem-
ber 30, 1956.

‘When the essential fatty acids are absent they may be replaced by
oleic acid or saturated fatty acids synthesized in the body; ths may
also ocous of there 53 o selative exess of saturated fatty acids as
perhaps on diets gh s aliments, of w dibetes mellitus in which
large amonnts of fat ate metabolized, The essential fzmy acids can
also be replaced by unusual highly unsaturated fatty acids if these
are present 1n relative excess, The unusual compounds so formed
do not function properly in the body and therefore can give rise to
degenerative disease.  For instance, Dr. Basnayake and 1 found two
years ago that rats on a fat-free dict estentfied cholesteryl with fatty
acids synthesized in the body rather than with highly wnsaturated
fatty acids which the body caanot form, and the unusual ester was
depostted in the skin; staularly, serum phosphatides were raised
and had an unusually low wodine number  In coronary thrombosis
the atheroma sught be caused by depostion of an abnormal
chalesteryl ester, and the increased coagulabiisy of the blood might
be caused by o rused 1on of cthanol phosphatide,
which is known normally 1o contmn an unusually unsaturated fatty
acid and which Robmson and Poole (1956) have shawn to increase
the coagulability of blood.
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There ate two conditions in infants in which m};\;?m;; :;::lgx%zli
rcgarde{l 232 sign of se‘nescey_ce,‘:s‘ sgufl ‘t_o f,’f,'__‘ "ogeria dad
et Tl At i

sin D (Sinclai : the adilt £ this
itivity to vitamin D (Sinclair, 1956b); the adult form o
3?&2::‘3 wai(h adequate dmarz calcium a_nd‘_ vitamin D might be
AfRackahpente olaomcis  Tein cBamomn  1- . .

With sepensa=ns Pee-Ltea
Em by

caused by gelective membranes of the cells of the Stratum granu-
losum. [t is possible that the alteration 1o permeability of old cells
mught be related to imperfection of the lipoprotein polyyn:.r. In
deficiency of estential fatty aside ...:,:n. v mboanal st

- . ot = e s
Aauuiudles 1 old cells 15 refated to peroxide formation from un-
saturated fatty acids. Tt would be interesting to study these changes
in ofd ceils in relation to essential

fatty acids.
Effects of Senescente on Nutrition

Digestion and absorption become impaired in old age. Loss of
tecth, diminished saliva, and duninished gastric acid contribute to

is. Halfa century 2g0 Melchn}koﬂ' thought that Senescence was
caused by poisons de{xved igom intestinal putrefaction, and heroic
measures were taken in the interests of intestinal hveiene; now we
VENErate onr inmtacs waa a L

. . . Yeeu are less
;[:x : RS . - “cells may be

Requirements may be aliered, The increase in body-fat gnd
deerease in muscle that T with ageing raise two i’r’npunaa‘;n
questions: first, what 15 the * normal ™ amount of fat and what
represents obesity in the elderly? secondly, should the calorie
Tequirements be “decreased? From the work of Shock it scems
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eating, and this increase is undesirable, There is 1 conflict of
opinfon about calejum requirements of the elderly: osteoporosis is
probably more related to failure of protein anabolism than to
dietary calcium deficiency.

The most important effects of senescence upon nutrition are those
associated with conditions that are al} too often found in old persons:
poverty, ignorance and apathy.
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eatmg, :md this mcrease is undcsxrablc. There is a conflict of
about ™ of the elderly: osteoporosis is
probabiy more related 10 failure of protein anabolism than to
dietary caleium deficiency.
The most important eflects of senescence upon nutrition are those
associated with conditions that are all too often found in old persons:
poverty, ignorance and apathy.
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110 Discussion

epough is already known to indicate that, even if they do not start the
degenerative atherosclerotic process, they contribute to its progress.

Over the last forty years, many attempts have been made to incriminate
ope or more single fatty constituents of the serum. 'Thus, it has been
supposed that a high level of blood cholesteral can lead to atheroma;
certainly feeding experiments in rabbits suggest that this is the case,
Others bave incimunated the lipids in general, and so on.

My own observations strongly suggest that deposition of the fatty
materials in the walls of arteries is facilitated, or perhaps even directly
caused, by disproportion of the main faity substances in the blood.
Normally, the ratio between cholesterol and phosphohpids is 1: 1, but,
in with active ather this lipolytic quotient 1s usually
walcad hut mnaw ho lagramad e phafe rt‘ tha Aunatiant canme 4 ha o ~are

e v e mee . e .“:.: -
L fa . P .
Iipolytic quotient to revert to normal, and by reducing the abnormally
high beta t‘mckzicm of Lﬁne lipo-proteins, It seems to tollowr that r:‘scarcl}_
s el aTe in AP Fiii 2C) malmamp eme b Sha cnnd B AF A

o

Lecithin-fraction from soya bca'ns,' xc'gctﬁcnl ‘with other surface-active
agents, but already st is possible to assert that, in most cases, the patho-
logically altered lipid-spectrum severts to normal or nearly normal,

Miss H, Sax!, Recent research carried out at the University of Leeds
by the Nuffield Gerontological Research Unit indicates that an anti-
lipaemic factor 1s formed in tissues which are rich in mucopolysaccharides
such as the connective tissues of the vascular system, the liver and the
blood, by the interaction of the pancreatic enzyme elastase with certain
components of the serum.  The fc ing hanisr has been
for the reaction and 1s shown on the diagram. 5

A. In the presence of elastase and especially the fraction which has
clastomucase activity, the mucopolysaccharides are made soluble and
unstable,

B. The serum inhibitor for the enzyme clastase fs refated fo the
x-globulin fraction. Its action is to control the enzyme in the formation
of dation p is was esti d as a proteolytic function
with biochemical methods and it also inhibits the removal of the soluble

polysaccharides and makes them stable, Histological studies indicate
that ' ic sut become of ic and that an

P fex of the orth ic and elastica staining sub-
stanoes occurs which has the appearance of an amorphous elastin under
the electron microscope.

- - . . aTeh e Pacen fa madiemtad Nia.
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enough is already known to indicate that, even if they do not start the
degenerative atherosclerotic process, they contribute to its progress,

Oner the Iast forty years, many attempts have been made to incriminate
one or more single fatty constituents of the serum. Thus, it has beea
supposed that a high level of blood cholestero! can Jead to atheroma;
certainly feeding experiments in rabbits suggest that this is the case,
Others have incnminated the lipids in general, and so on,

My own observations strongly suggest that deposition of the fatty
materials in the walls of artenies is facilitated, or perhaps even directly
caused, by disproportion of the main fatty substances in the blood.
Normally, the ratio between cholestero! and phospholipids 15 1:1, but,
in iation with active atk osis, this lipolytic quotient is usually
ratsed but may be lowered. Some shift of the quotient seems to be a part
of the ageing process, so that the idea that athetoma itself 15 an ineluctable

i b i ata th hout life is not wholly

o i
acceptable.  Furthermore, there is now a good deal of evidence that the
rate of deposition i the arterial walls can be slowed by causing the
Lpglytic quatient to revert to non-qa], agd by mducrin‘g (hcknbnormau{

Miss H. Saxl. Recent tesearch carried out at the University of Leeds
by the Nuffield G ) { R h Unit ind that an anti-
hipaenuc factor is formed in ussues which are rich s mucopolysaccharides
such as the connective lisszgcs‘ of the vascular sys:m‘x. the lwgfhn‘:i :T’i:
T L eanmein pmeirms slnernem Wi

w o

A,
unstable.
B The serum inhibitor for the enzyme clastase i;: related to the

qman In tha fnrmation
.

In the p'mcnce of elastase and especially the fraction wich nas
activity, the p harides are made soluble and

1Y
. ul . - . - -
S 0 "
H ’
ey T .- PR e
tances occurs which has appearance of an amorphous clastin unaer
the electron microscope, ) o
C. As a result of the above ion. a lipase is Bio-

jeat i igations indicate that the quantity of inhibition is directly
Chcmwf:l).‘.n.\;ﬁﬂm}.- it n,.,,v.m-f The lipase degrades neutral
on the lipids of vasculat tissue

. factor ™
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H. M. Sunclair, The effect of the introduction of electrocardiograms
was alfowed for in tbe study on coronary thrombosis
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The elassical discovery of Anitschkow, who produced a lesion simulating
human atherosclerosis by feeding rabbits with cholesterol, has resulted
in an intensive effort over the last twenty years {o link atherosclerosis to a
faulty Iipid metabolism. Anitschkow observed that if the ingestion of
cholesterol was discontinued after the feeding had been carried out for
3-4 months, a resorption of lipid occurred in the inner layers of the
arterial wall, although the characteristic lipid plaque remained in the
media for a much longer time,

Studics of the localization of the enzyme action point to the fact that
the high ion of pol harides in the inner layers of the
vascular wall, together with an elastomucase, protects these against the
deposition of the liprd.  This would explain the observations of
Anitschkow that the lipid was absorbed from the intima of the arterial
wall after the cessation of the cholesterol feeding

G. C. Kennedy, I wonder if it is too inconoclastic to question the
significance that has been attached to these * classic ™ papers of McCay's
that Dr. Sinclair and several other speakers have mentioned. 1t s true,
s it not, that McCay had to m‘}kc s::\'cral 'nncmppkbclrorc he Qould getthe

did not seem to be a cause of death, and the incidence was l.m:lf‘T‘ccl_c‘q '_JX

breakdown occurs quite rapidly even an young rats, and is accompanied
by loss of weight, staring fur and a general appearance such as 18 shown
1n McCay's pictures of ** old " rats. I think 1t 1s stmply the appearance
of the chronic uraenic rat,

E. Dighy. 1 doubt whether the effects of under- and over-noutishment
ace always as stated. There is much under-nourishment in India and
China but the general ion is that both and puberty are
carlier there than in Western Earope.

G. H. Bourne, The answer to Mr. Digby 1s that matunty does not
oceur earlier in Eastern countries.

G. I M. Swycr. Therc is no evidence that Indian women are nubile at
an earlier age than Europeans.

 Le Gros Clark, 1 know of no reaf ractal differences in the matueation
cl‘ﬁuman beings. There is some evidence that In Belgium, wartime under-
aourishment led to a delay in the onset of puberty.



GENETIC VARIATIONS IN AGEING
By
J. MAYNARD Smrrtt
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individs hich can
Tins are two kinds of differences between individuals which e

15 strictly réfevant to the problem of ageing, because in neither case
does the susceptibilty of an individual to the factor causing death

1ncrease with age,
The smdglof ageing is concerned with those changes in individuals
ich reﬂnj!:r tLhem“mor: liable to succumb ta one or more

N . . ™
B of the fraitfly, Drosophil,

;ubabxcum, kept in mated 'p.ﬁr: at 25°C, and (ransf{}xed to grcsah

j.‘:.d, every second day. In 16 case is it possible to state the cause

L -~“‘b¢ av s CApuUSLU 1O Luern,
ﬁg:ur; 1 250 shows that Ife span is, in this and most othe;
1 Tndiid

: a va
P J varying o
fall into two or a few sharply defined classes, Such charactl:s
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ever the danger in this procedure that maternal age itselfl may
infiuence the longevity of the offspring In par(hcnogegcuqally
reproducing rotifers, Lansing (1948) showed that lines 'mamtqmed
from the eggs laid by young mothers could be l\cgt indefiitely,
whereas if the later eggs laid by a female were used, there was a
proeressive decline fn mean life span jn successige gc{xerati?rns,. an:i‘
¢ . wBant win

For these reasons, there 1s fess 1Rl0MMALOL 01 Wi goutins of
ageing than of many other quantitative characters, However, what
formation there is 1s of some interest. I shall desenbe first some

perd on laboratory populations of Drosopinla, and then con~
sider how far these agree with observations on human populations,
. R N TGl -

Iea: :;E;j;‘\?l:sﬁ By an;\lkogy, large random changes in a mo;or’ car
T o “em nlwares i:: ely ta reduce than to increase its efficiency.
e, possible that a s utation which lowered the metabolic
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present special difficulties for genetical analysis for two reasons. First,
the continuous distribution suggests that they are influenced by
genes at many different loci, and second, they may be influenced by
the environment as well as by genetic make-up. ~For example, the
flies whose survival curve is shown in Figure I were kept as larvac
and pupae at 25°C. Flies which were kept during pre-adult life at
15°C. survived for about 20 per cent longer as adults at 25°C.

25 T

NUMBER ALIVE

T T T T T T T T T
4 8 12 16 20 24 28 32 36 40 44 48

AGE IN DAYS
Fio }.—Adult survival curves at 25°C. for the Fy hybrids between two inbred
hines, B and K, of Drosophula subobscura, Full Itne, females, broken
line, males

The techniques available to a geneticist in the study of continu-
ously varying characters include in wild populations measurements
of the corrclation between sibs or between parents and offspring,
and, in laboratory animals, investigation of the efects of changes
in the breeding system, for example by inbreeding or distant hybridi-
zation, and of sélection. Adult life span is in many ways an incon-
venient character for such studies, since it is not hnown until the
individual is dead. Thus sclection for a shorter adult Life span could
be carried out only by breeding from a large number of pairs set
up at random, heeping the parents until they died of old age, f{nq
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‘lhc survivors used as parents of the next generation.
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ever the danger in this procedure that maternal age itself may
infuence the longevity of the offspring. In parthenogenetically
reproducing rotifers, Lansing (1948) showed that hines maintained
from the eggs laid by young mothers could be keé)t mdefinitely,
whereas if the later eggs laid by a female were used, there was'a
progressive decline in mean life Span in successive generations, and
*reta~’an Tt e nat known how general such an effect will
srganisms, but some special

. oid 1diots have 2 low expecta-

' the children of old mothers

" For these reasons, there 13 itss nuormation on the genetics of
1 m~ Cumnnsinthor amantitative characters.  However, what

of genes at a large nuy i
AT mumber of Toci,
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present speciet 24 Fisst,
the continu. .~ awuuenced by
genes at mar «uutd, they may be influenced by

the envicont | w, went as by penetic make-up. * For example, the
flies whose survival curve is shown in Figure 1 were kept as larvae
and pupae at 25°C. Flies which were kept during pre-adult life at
15°C. survived for about 20 per cent fonger as adults at 35°C,
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Fra, L—Adult surveeal cunes at 25°C for the £ hybrids between two inbred
twes, f and K, of Drosophila subobscura. Foll ke, females, broken
hine, males
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The techmiques avalable to a geneticist in the study of continu-
ously varymng characters include m wild populations measurements
of the correlation between sibs or belween parents and offspring,
and, 1n laboratory animals, wmvestigation of the cifects of changes
in the breeding system, for exaraple by ibreeding or distant hybridi-
zation, and of selection.  Adult hfe span is in many ways an meon-
venient character for such studies, since it 13 not known untd the
individual is dead Thus selection for 8 shorter adult ife span could
be carricd out only by breedng from o Jarge number of pairs scl
up at random, heeping the parents until they died of old age, and
comtinuing brecding from the offspring of thase parents » %' « R
young. Sclection for increased lifn em= fy0 = 1 7
canbe kept pmmmtatoee . NS :
thesurvivors® = .+, o Tt . e
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i indavi ith the genotype Aa lived
single locus, s-UCb 'ﬂtaf l-n-dmd'? ::ism\i\n time. an}st, selection would
ag-lived heterozygotes, Aa X

aich were shorf-lived homo-

. together two short-lived flies

;3':;‘" pive nothing but short-lived _oﬂsgnng_ﬂxf lhf:, u\at'l‘r’l'g"x:s‘r'cP

i al b
homozygous for dafferent alieles &L My ULty pou by

etic heterozygosity and long life, The

hybndia ?‘3555‘3;2}32‘}‘5?‘“ he incﬁ'?c%we an that inbreeding

o . 1 pairs

' . ion of

tetero-

entects, m wiuch the

sis”, in contrast to genes v‘mlh “ ad.‘l‘"‘i“: ”

::loscly associated wath fitness, should show heterosis, whereas
bristle number should show in the main additive inheritance.
Haldane (1949) showed that in a random mating population in
equilibrium under the influence of natural selection, no correlation
\:;‘?Bld E:hfxpcclgg L""‘"“}‘ }he fitness of parents and qﬂ'sprig.g,

selection, being ined at a low o only b; 3
Therefore most of the genetic variance of fitness w?{l bye heterotic.
l_t”ha_s. already }xiel Pponted out that in this case there will be no
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effects found by Lansing in rotifers operate also in Drosophils. The
absenee of any response to selection might suggest that the differ-
ences in fongevity were environmental and not genetic in origin,
This however is hot the case. Figure 2 shows survival curves for

w

Number slrre

5
Age 1 dyys
F16, 2—Adult survival cumves (sexes combined) at 19° C for two inbred hnes,

B and K, of Drosaphila subobscura, and of the £; hybrids between them
{Clarke & Maynard Smuh, 1955),

two nbred lines of D, subobycura, and for the reciprocal hybrids
beiween them, kept as far as possible m sdentical conditions” The
mean expectation of Iife of the hybrids is a?prox:ma(ely twice that
of the mnbred flics, and the defferentes 1s fargely or wholly genetic, It
will be cecalled that Pearl afso found that £, hybreds bived fonger than
their parents, but the difference in the present case was far greater,
probably ¢ the 1 fhies were highly mbred It should
ot be thought that these results d rate that hybridizati
increases the life span above that normal for the specics, The off-
spring of fostlized females caught in the wild lived in laboratory
conditions for as tong as did these hybrds, although there was a
smakl pmiporuon of very short-hved fhes among the othgrmg‘of
wild females, Thus the explanation of these results is that inbreeding
greatly redyced the normal life span, which was restored by erossing
the inbred Bnes. ]

The simplest explanation of these facts is that genetic heterozygotes
five for longer than do homozygotes. Consider what would happen
if differences in longevity were duc to a pair of alleles, Aand s, ata
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selection. The same will be trie of characters such as Jongevity
which are closely associated with fitness, although it might be
possible to increase the mean life span by selection at the expense
of reduced fitniess 1 other ways, for examiple reduced fertility.
There is some evidence that the genetic variance of longevity in
man is in the main due to genes with heterotic effects, Beeton and
Pearson (1901) measured parent-offspring and sib-sib correlations
for prmmen Tnwaauibe Tlos qeogfad 00 00 0 asure that
the . . to : the same
ecar ' ' PR - obtained
were caused by genetic rather than environmental factors. They
considered only those children who died at 21 or Iater, on the
grounds that the causes of death in infancy and in later life are
different. The mean value of the four patent-offspring correlations
was 0.1365, or only about one-quarter of that for human stature,
and of the three sib-sib correlations 0.2611. The higher value of the
Iatter correlation is what would be expected from Haldane’s argu-

of agemng 15 most easily studied in mammals, stnee too little 1s known
of the pathology of most other graups to determine the cause of
death. There ss little doubt that animals of similar genotypes, kept
in conditions in which there are few accidental deaths, tend to die
of similar causes. For example, inbred lines of mice differ not only
in the age of onset of cancers, but also in the particular kinds of
cancer which develop. Simlarly, different breeds of domestic dogs
o A b sl BB R

et al (1954) measured the arterial pressure in the relatives of patients
with * normal ” blood pressures, and of patients with ** essential
hypertension ”, i.e. in patients with blood pressures higher than an
arbitranily selected value, and having no’ discase to which these
pressures’ could be attributed, When allowance was made for
differences due to age and sex, the blood pressures o[ the former
group of relatives did not differ from the general population, whereas
the pressures of relatives of patients with essental hypertension
were higher, the excess for the relatives over the normaj for their

age and sex being about 20 per cent of that for the affected patients.
- o7 T aination of

the blood
, obably m-

f d also by envis 1 factors. .
These results have been quoted for two reasons, First, they con-
firm that genetic factors influence a particular process which may
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oot wm an death n old age. Second, it was ff:)uﬂ _l‘hna‘l H:e.
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