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Preface

ATrE\lPTS to bridge the gap betwcen exp rimental physiol
ogy and clinical meditine are always i order Recent eraphasis
o basic sctences 1 cotrelation clinies postgraduate courses and
specualty boards focus attention upon the fundamental study of
dnease

Tor the student and physician 1t 15 more nscful to think w
terms of developmental processes of symptoms and signs and
hence dragnosts and management of vanous conditions than
to rely upon memory and dogma Lihewse st 35 more sensible
to gage the pathogenests of discased states and the degrees of
thetr dcx tation from the average than to name them Dogmatic
nomenclature 1s often folloned by arrest of further case
vestigation and By rule of thumb thesapy The physiological
approach on the other hand leads to more rational and pro
gresstie case management

At best this gong to the root of the matter ¢cmbodies the
attitude of the rusearch saentist 2nd results m the advance of
hnowledge as well as the highest possible level of medical
practicc. Vast gaps of hnowledge exsst in the chiology and
pathopenesss of the pristipal subdnisions of heatt disease—
attennosclerotic hypertenstve theumatic and psychosomatic
fasticalar Further fnowledge of thur thiolopy and therapy
«an result only from the broadest physiological resmarches
That pharmacology buochemustry bophysics immunology are
miluded {too imadequately') n this physiological suriey of
cardwnascolar disease stmply indicates the growing nterde
pendence of these basic discapline

Previcus works ta this ficid have ncluded C J Wigges
Physiology m Health and Dusease and Crrer latary Dynamq s
Altschule s Physiolo, y 17 Diseases o f the Heart and Laungs and
Sodemans Patl ologreal Poysielogy and numerous Germag
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Physiological Cardiology

books on this subject Also such fractional monographs as
Eyster and Meck s Ourgin and Conduction of the Heart Beat
Wenchebach and Winterbergs Dre unregelmaessige Hertz
taetigkert Rothbetger s Normale und pathologische Physiologre
der Rb)//ﬂmk und Koordination des Herzens, Blumgart s Je
locsty of Blood Flow in Health and Disease Hattison's Farlure
of the Cneulation Burchs A Pumer of Venons Pressure,
Cournand Baldwin and Himmelstein's Cardrac Catheterszation
m Congenttal Heart Disease, and Gregy, s Coronary Cneulation
1 Health and Disease

In attempting to encompass the field of physiological car
diology 1 a short monograph emphasts has been placed on
fundamental recent advances 1n some fields to the exclusion of
others which are unusual or phystologically barren An attempt
has been made however to compress the best of the world
Iiterature  Electrocardiography has been excluded because its
controverstal brophystcal bases have been covered in numerous
recent works An extended bibliography of 4000 odd ttems
documenting this work unfortunately could not be appended
The references chosen are primanly comprehensive or of fun
damental physiological brochemical rather than pharmacologt
cal pathological terest

It 1s hoped that this monograph will be both useful and
stimulating to all those nterested i the adsance of scientific
medicine and cardiology

Among my colleagues I am particularly mdebted to Drs
C A Allen (Anesthesiology) W C Cooke (Obstetrtcs and
Gynecology) G M Decherd Jr* (Internal Medicine} C E
Hall (Physiology) A Hansen (Pediatrics) W C Levin
(Hematology) H Levine (Internal Medicine) W J Meek
(Physiology) T Panos (Pediatrics) H Swann (Physiology)
for constructive critiasm  Constant help and encouragement

* Deceased
vint
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ptoceeding from the edntor Dr R ¥ Pues publishers Mr
Chatles C Thomas and Mr Pyne E L Thomas and Dr
€ D Leke Vice President and Dean Unnersity of Tevas
Medieal Branch were furhifnng in the progress of the wotk
Grateful achnowledgment 15 due to m) uccessne secretarses
Judy Guusti Christeen Turner and Loraine Mithian for faith
ful attention to detast Imvaluable wd was recened from Magy
E Gonnell Alberta Henley and Estelle Brodman of the sef
erence staft of the Armed Forces Medical Libran as welf as
from Elizabeth Runge and her staff at the library of the Unt
versity of Texas Medical Branch 1 Galveston Texas

Bt 15 fittmg that my final tubute should be expressed to my
wife
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CHAPTER [

Ongn and Propagaton of the Heart Beat

REGULAR SINUS RHYTHM
Psmomc discharge of the swoattial pacemaher esults from
bulding up within 1t of negatnie charges T'rom direct electro
grams 1t has been detecmined that the wave of negatty of
the cardiac action cutrent procecds from the sinoatnal node
alopg the more durect muscle fasacult to the atnioventnicular
node (50) Evidence of mteratnal conduction along a specsal
1zed conduction bundle 15 afforded only by race istances of
possible interatnal block {132) In regular sinus thythm 10
man senal atrsal vectors summated from the P waves of tn
plane electrocardiograms potnt 1n general downward  for

ward and to the left (132) as expected from the anatomical
rclations of the sinoatral and atesoventecular nodes

SINUS ARRHYTHMIA

Siaus acchythmtd with 2 slow  changiag sius thythm 15
found particularly sn children 10 whom the vagal tone 1s
strong Besides depeessing the vagus center by irradiation of
wmpulses from the neighboring resptratary centers spuration
accelerates the heart through increased negativity of the intra
thorauic pressure and hence increased filling of the heart—
the Bambndge reftex (4) As the cardiac output and aortic
pressure mse the pressoreceptors of the catotid s and the
aorti depressor nerve are stimulated to reflex slowing of the
cardiac rate—Marey s Law  The bradycardn continues catly
w exptration with dimumished filling of the heart Toward the
end of expirztion the heart rate begms to accelerate Infectious
shemmic toxic and fatigue effects may aso produce this
arthythoma or slow the sinoatrial rate

3



Physiologrcal Cardiology

SINOATRIAL BLOCK

Experimentally partial or complete sinoatral block may be
produced by interference with (e g lhgation or destruction of)
the conduction pathways surroundng the primary negatie
zone or the sinus pacemaher (50) Arrest of the heart for
more than five to 10 seconds results in Adams Stokes serzures
of the atroventricular node does not  escape  Clincally
sinoatrial block 15 seen 1n digitalis and quinidine overdosage
vagal overactiity e g under anesthes:a surgery, and 1n 1n
creased intracranial pressure 1n coronary disease with 1schemia
of the sinoatrial region and at times 1 severe diphthersa
and other toxic infections

ATRIOVENTRICULAR NODAL RHYTHM

The mtunsic thythmiaaty of the atnoventricular node 1s
normally less than that of the sinoatrial pacemaker It 1s
relevant that corresponding to the order of increasing con
tractthty and decrcasing thythmucity the atria and the ventricles
contun sncreasing concentrations of glycogen (?) actomyosin
plutathione and ytochrome ¢ and lessening amounts of acetyl
choline choline acetylase and cholinesterase Hence nodal
rhythm 1s seen only when disease eg 1schemua or inflamma
tion of the normal pacemaker vagal overactivity eg carotid
sinus stmulation or drugs eg  digitalis markedly depress
the sinoatrial node Expertmental cooling or destruction of
the sinoatrial node with simultaneous warming of the atrio
ventricular node classically produces atrioventricular nodal
thythm

Clinical atrioventricular nodal thythm s charactenized by
negatine Pwaves m leads 11 IIT 2V, and rarely T of the
efectrocardiogram  The P waves are focated before (ligh no
dal thythm) after (low nodal thythm) or within (midnodal
thythm) the QRS wave The vector of the atral impulse sum

4
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mated from multsplane dlectrocatdiographic P waves 15 directed
upnatd badhward and to the left 1e anstormcally from the
atnosentrculac node toward the left auncular appendix (132)
The jugulat 2 and ¢ waves M3y summate

ATRIAL CONDUCTION
The conduction of the atal electrical wmpulse as measured
by the width of the P wave of the electrocardiogram takes ap

proximatefy 006 to 0 10 seconds This conduction tume through
the attra 15 prolonged by quinidsne and infl

scarning
and enlatgement of the atma from rheumatic coronary and
other types of heart disease The P wave 15 then wide and
frequently notched— P mutrale

ATRIOVENTRICULAR BLOCh

Delay of the cardiac impulse 1 ats passage through the
atnioventncolar node represented by the flat isoelectnic portion
of the PR mterval 13 usually 003 to 810 seconds The se
fractory period of sncomplete repolatization 1s longest 1 the
small fibers of the atnoventncular junction This delay aflows
the completion of atmal contraction before ventriculae actna
tion

Statistical extremes account for the existence of both short
(below 012 and even Q08 seconds) and long {up 1o and
oven above 028 seconds) PR intenals i repular sinus
ehythm 10 persons otherwise free from cardrac stigma The
atnal vector ta human subjects presenting short PR intersals
15 directed as in sious thythm downward forward and to the
left Hence these cases need not Tepresent  coronary sinus
thythm and do not connate heart disease 25 do many cases
of true A V nodal thythm (132)

. Rctr;grade atnioventricular conduction 55 esen slower than

ornard atriosentricular

Sonllavon Ahe wn\nm\a:o:\i:t::; b]: ::7“;’ " e tnl
pid whereas 1n ven

5
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Lhere 1 thercfore no difliculty mm coming to terms with
tlus first objection of prineiple, 1if need be  Lhe second 15 of
an entirely different hmd

By the word  sencseence™ we cdearh wish to dosenbe
change which 14 of mnate omgm which 1 built mto the
dey clopmental structure of an ammal and wlich eould take
place even under the most favourable” conditions 1t 15
posstble to emvisage  The force of mortalits does ndeed
measure this mborn decline but the difficulty 1s that 1t must
also measure another sort of declme of purely contingent
orign as well

It cannot be strictly true to say, as I sud eatlier that
plates and test tubes are subjeet to a constant force of
mortality, even when given equality of use and of c¢yposure
to the msh of being broken lhey suffer mdeed no mnate
dechne (if we disregard such refinements as the slow ery
stallization of glass) but they may deteriorate in a different
way  Plates and test tubes get erached and chipped but
may vet be usable, at least in the more frugal homes and
laboratortes A eracl ed test tube or plate 1s more vulnerible
than one which s still intct 1t 15 more likely to get broken
m the course of ordinary use  Lhere 1s therefore or may be
an merease of yulneribihty which has nothin, at all to do
with mnate dechine but wlich 1s due to the persistent there
forc cumulatine cffect of recurrent mjpury or stress

Ihere are mnumerible examples i living organisms ol an
mcrease of sulnerability caused by the perastence and with
time  the summation of the effccts of veeurrent dimage
stress and biologieal error (ef Madawar 1952)  Amyv mjury
wlich lewes any physical trice 1 an actuarn! debt and will
add to the hhchhood of dyving A smgle cxample will illus
trate the distinction wlnch may be drawn between deteriora
tton of mnate and of merely contmgent orygin the formation
of ectopie flosure Tines or creases i the shin which (i the
efforts mde to conceal them are any thing to Lo by ) arc among,
the mast nracteristic and rednble aigns of the detenoration
assocnited with mcre wing age
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Fetopie fleure fines form on those parts of the bods w hc‘n
the shan 15 habitually ereased or folded wticuturly on the
fie A swgle crensing of the shins meuthoent to form an
overt flexure hine but presumably even one creysind lewves
some trace 1n the dermal fibrous shelcton heeause i the shin
&s creased sufficiently often 2 flexure e wild wentuihy
appear  Ofd people have acquired lined faces for two clearh
distguishatle reasons {a) because an innate detenioration
of thew shan has made 1t more susceptible to the engravery of
habitual usage and () because they hnve smiled or frowned
or rassed tharr ey ebrows more often than their jamors There
can be lttle doubt that the fist factor the true maste
detersoration of the shin by far outweighs the latter and
that 1t represents the process which most people understand
by semie change but both agencies are at work the per
swtent and ¢ effects of stress and the
progressive dectme of power of the shin to resist its action

This 15 2 trivial example but it would he idie to deny that
pusely contingent factors influence the vulnerability of
wimals particutarly when the organ or part of the body that
15 affected 1s constitutionally meapable of repae Boraln her
smmal to lose a ftmb may not m itself be fatal but if 1t does
so 1t wall certatnly be more vulnerable to the hasards which
fimbs are normalty wsed Yo escape from It may be that the
actual hfe span of wild carnworesis as closely bounded by the
life of their teeth ns by any other single factor  Teeth may
:;ecum\: more fragile with increasin, age but whether they
n?“:a llmsth;:\:(sl %::‘E csert:nm that one good reason why an old
betause fimn ')lon;eu :L\;‘r“es:‘mad tg:kh thn a voun, one s
the older ammal more t o th seande decny T, gnen
viShs are not all of opportunity to break them  In short,

an all or nothing character there 15 A

wradient of effect between bemz Ml a (whiet
one for admission ta the hfe tabl e bttt e abfies

e} and being left wnsenthed
Aninjury which falls short of betne mior ot
t
feare an ammal as well equippe 2 hetone 1 o nerestarily

d 25 before to escape a hazard
of the same or of another hnd  The residue of lg)urms th'i(t
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are not 1n themselves mortal may build up a debt winelis due
to age becwise 1t depends upon the passage of time but
which s nof dite, m the colloqui sense, to  agemng

Lhe two chisses of agencies wlieh contmbute to mercase of
vulnerabality need not be difheult to distmguish by expen
mental means, but m the actual records of mortality the two
are mextricably combimed  If we wish to use an actuanal
mensurement of seneseence, tlis 1s a real shortconing of
principle et this confounding of two eauses of icrense of
suinerability does not m any way detract from the brofogical
value of the use of the force of mortality as a measure of
senescence, for both are real agencies that govern the popu
Iation dynamices of real communities of ammals It 1s up to
the phyvsiologist and pathologist to distmguish and keep
apart the contmibution to vulneribihity that r made by a
true innate dechne

In summary, the actuarial defimtion of scneseence amounts
simply to this that senescence 1s a change which accompanies
ageing and which makes an individual progressivels more
hable to die  (Such a defimtion may be challenged on many
grounds but 1ts ssmphaty should not be one of them ) Senes
cence may be menasured by the foree of mortahty estimated
from the age frequeney distribution of the mcidence of
death but the mewsurement 1s vahd onhy of a genetieally
uniform population subjected to o constant pattern of haz irds
mmpmgemg randomly upon it and 1s imperfeet in proportion
ns these conditions fall short of bemng fulfilled  Incrcwe
of vulnerability 1s caused partly by an mnate deteniorition of
the body and partly by the accumulation of an actuarl
debt as a result of recurrent exposure to mjuries that lenen
persistent mark  he separation of the hiter contribution
from the former should depend upon the context inwhich the
phenomenon of seneseence 1s being studhed

REITRENCLS

At W C Turrson A B OParx O Lanwn 1 oandSanant b1
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SOML RITMARRS ON THE PATHOLOGICAL
BASIS OF AGEING

G R Cysinron Dse,FREr IRS

Departwent of Merlad natamy € neersity College Hospital Vedical Sehiool
Fondon

Two vears ago two Swiss doctors A T Vischerand I €
Roulet (1942) reported the death of two of thur country men
at or near the age of one hundred and two  Both of these old
people had led herlthy active Iives eseaping senious allness
and remammg frec from any disibihty up to the end Death
came to the man as the result of gangrene of a hinb after
mfluenzy the woman faded out after the death of a daughter
bronchopneumomn bemg the mmmediate cause of death
Careful muestigition of bodily functions i both towards the
end of thor bves fatded to diselose any semous distushance
Bsal metabolism rccovery from fractures plasma protems
heemo,lobin mdas blood cell counts blood pressureand pube
were within normal hnuts

Autopsy on the onc hundreed and two year old male dis
elosed goncralizad artarioselerosss, copeesally severe i the
abdonunn] norta and fower (stremntics with thrombosts of
hoth fumornd popliteat and tibind artertes and of the aceom
pwvn, vans gangrene of the kft foot termmat broncho
preunania and chronte pulmonary crophysema Other findin, s
wcludad a caremond tumour i the lower dewm regener wson
nodules s the thyresd and glandular and muscalar mcrense
m the prostatc

1he ofd hidy nlmost one hundred and two yearsolfage whon
she died, howed nt post mortem (xammnation ennter of the
lreast associatcd with cystie mastitis but no mctastases

evere arteriosderosis of the nortn coronarny discase with
ol struction, ealatieation of the annulus fibross of the heart
16
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and brown atrophy of the heart and iner cholehitis and
a nodular goitre

To all mtents and purposes therefore these two old people
were heaithy mght up o the termmal iflness yet ther hodies
sere a collection of morbid processes any one of which might
have flated up at anv time dunng the last thurty years and
ended hfe

2o doubt an extended search of the patholomeal literature
would bring to light further reports on extreme old age but
1 am not, aware of such information so I set to worh to collect
atx from the autopsv records of Unneraty College Yospital
winch bear on the topic of ageng and these T now preseatin
the hope that they will mterest you

Qur records over the vears 1903-1953 comprise 14 630
autopstes among which are 1 872 on old people kxaminations
were conducted by fine pathologists who were on occasions
assisted by Jumors however 1t 1 safe to claum that antopsy
techmgque has altered very bttle dunng the fifev years for
each of us with one exception has been tramed by tns prede
cessor  In many instances picroscopy on the most unportant
argans was performed and such reports have been asaidable
for study I am greatly indebted to two of my research
colleagues V' Udall and b € Basu Malhk who sorted out
the cases for me

TReports on males from sxty five years onwardsand females
E“;’E‘“ scventy years onwards have been serutimzed Sinee
'54.:; “"‘\““’ very many more males than females (1 328 a amst

ost of my remarhs will be ronfined to the former
Let me sav at once that all T hay

¢ endeatoured to
find out what was the pathol d e

il

the declie and death of the mdjvdual In manv mstanc‘c?
of course the immediate cause of death was some terminal
sceessory event such as an acute rafection a sesere hemorr
tage septiesmun or uremia It 15 therefore more correct to

speak of morbidity rath er thsn morta
i3
explain, that our hospital 1s a teac";\l o ]

ng mahitation and 1
gather from conversations w N
i s With gur senor chmiesans that the
3
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policy for many years has been to admit as vaned o type of
patient as 1s possible from the population that closely sur
rounds us  Of course, there will have been some seleetion and
no one would dare eluim that our material represents a random
sample of the London or ¥ nghsh population  We have lind
surgeons, for mstance, who for a time were especially interested
1n some hinds of cancer for winch they were engaged m perfict
ing techmiques for trentment  Iihewise we have attracted at
one time or another, heart cases or patients refcrred to a lung
or Iner speernhist  Caution must also be mamtamed m drawin
conclusions from our agemng eases for they have been adnutted
to our hospital because they were suffering from some faurh
obvious complamt  Agamst tlus ean be placed figures such
as those mven by Drs Trevor Howell and A P Piggot of
St John's Hospital Battersea whose material was still less
hhkely to be selected than ours These workers also gne
nformation collected by Dr € Stewart Smth m vamons
munieipal hospitals  Suffice 1t to say that there 1s reasonable
agreement 1 general between the results obtamed from the
three wndependent series  although the classification and
emphasis often differ

In Tables I and 11 I summanze the principal morbid con
dittons encountered during five yearly ntervals  In oveny
instance 1 have earefully scrutimzed the autopsy records and
endeavoured to deaide what condition dominated the com
plex pathological pattern at death  In practically evers case
1 have agreed with the considered opmion of the pathologist
responsible for autopsy  You will sec from the tables that
70-80 per cent of deaths arc included under the diagnoss of
cancer, arteriosclerosts urnary  disease  (espeaally  semle
cnlargement of the prostate and its complications) primary
lobar or bronchopneumonia and ehronie peptic ulecration of
the stomach or duodenum  In both sexes cancer and artenio
sclerosts make up the majonts of morbid conditions  lahle
111 groups together the dommnant conditions i the total
groups 1t turns out from these Intter figures that 10 3 per
cent of males die from cancer and 20 8 per eant die from
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astenosclerosss 31 per cent of femnles dte from cweer and
4 per cevt {rom arterioseleroms  Tet mie repeat onec agam
hat thes pathotoateal statcy 1 my ppumon w cre the cane

Table I

Tre Coxyoner Morsro Cownrrions Fouvn ax Avrorsy 1N 1978 MatFs
Feoy Soxry FIVF JEARS O¥WATLA

1 ercenta, e und total cases

Age Croup

Horbid € et om

Cancer
Adtenosclerosis
Uninary disense
fastne and duodenal
ulceration
Poeumoniz

Total cases in groups ‘

Table [T

Tire CodxonyR MorsD (ovbi7ions Foun AT Avtorsy 5% o34 TEMALES
FROM SFVENT: L FARY ONWARDS

Tercentages in total caces

HorbaC dy \ 42 Croup

. 10-T5 1 o4y 81-83 Iy ]
Cancer
Arteriasclerasy 12 ’ 2/
neumorus 4 ;3’
Skt
Tota ea €3 1 groups P =

of dechne and often of death of
th 1
quently enough an acute hear, Subgects but that fre

cause of death wis the 1

e

“13:; nseodme of these figures are musleading for all who have
the organs of aged persons must hasve been struch
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by the frequent assoctition of 1 numbcr of morbnd conditions
In an attempt to 1ssess this wsociation I have re examined
with Cre, reports on 100 agang male subjects from snty five
vears upwards suffering from eancer and comp red them with
autopsy reports on 100 subjects dying from eauses other than
eancer  All of these autopsies were performed by myself at
University College Hospital durmg the years 1935-39 and

Table IN

Lin Coyyont g Mornin Conmmions 1ooNn 1N Acrve Man s (seeny T
Yans ONwarns) anp T evares (Stvesm Yrans ONwann )

Total numbers

ALY PO Vate re ! IRE]
Tumours mosthy cancers o 178 13
Arteniosclerosis -7 140 it
Digestive disea ¢ 162 ~ -6
Resptrutory 10 ‘. 18
Urinary 108 11 | 1.
Nervous 11 3 17

— - |-
Iotal ¢a o< .31 181 bt 9

T talvu berof Ef Uin etigat | 18~

1946 and 1947 Table IV gives the results . Without attempt
mg to draw any quantitative comparisons I feel surc you will
agree that the cancer eases show a very high madence of
coronary nortic and renal arteriosclerasts m other wordsy of
renerahized arterml discase  Smlirly - the non canecrous
agemg subjects arc very frequently affectad with penerahized
arteriosclerosis T hclies thatat 1s safe to condlude that canecr
and arteriosclerosts are common maorbid conditions i ngoimg
" | persons and that they vary frequently o togcther

1 have hhewise looked into eases of <hiromic urmary disease
peptic uleeration and bronchopncumoma and 1 have found
with these too that scvere arteriosclerosis s vory common
Smee 1t s miteh more difhealt to collect adequate numbirs
for analysis than with eancer Thave not attempted to present
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figures but 1 can assure vou that my conclusion seems
definite enou b

Funlly T e you 1 Tables V and VI some detatls about
the commonah pes of cancer on the one hand and the distn

Table Iv
AKFLIOSCLERO 15 18 CANCER AND Non CANCER MALE CasEs
W G 1t .
U 8% T Be
Heart wes 114, ) range -0 10 4ds
Coronary desease
Nom 1 8 3
S it 3 1.
Moderate N o7
- 3
Com fete ob truction 7 nr
Aortic
Normat 3 o
Sh bt 5 og
Moderate Y a3
e a1 n
Reval
Non ) oy n
Shight 3 -
Moder te 3 by
Seve s 5
Tyelonephniis M :
Cerebral
Normal 2
Shght * 1 ;’i‘
Moderate o A
e 5 12
ot exarr ned 4 I
—d

bution of arteriosclerosis
AN Sites are often
stomaeh asophagus rect
l1st of possible sites 1sak

on the other  You will notice how
picked out by cancer specially
tum and Jung 7 might say that the
ODg one ang the rarer examples are
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not mdduded  So too with artenoselaoss there s o pr
dommnec of certam types  especsaliv coronary and the
generslized type with it assocnited  conustne Qb
fmture

Table }
Tyrrs 0F LAncer AT Dire it Aars i Vagds
et
Tupe fCo cor ilklield
e | on s sxo | BLAS | 8o
Stom sch <9 -t 1s 3 1
ung It -~ 4 4 0
Rectum Py ™ o 3 ]
Aaphiy,us 1 ¥ - . o
Calon -~ 8 1. [ 1
Bhdder 14 + i - a
Fhorns 13 H " H [
Taryny 1w ) a 1 [
I rostate 10 1 [ - [
fotnl e e <87 L% 7 Y -
Table VI
Iyies of ARPERSOSCIRLIG 85 47 DIREERANT A4 ks oy Matey
Totsd numbere
Typ LA IR TI ) oAy | Wi Ny »n
Coronany diseasc “ -~ do - t
€ enernlized AS with (1 2, -4 1 4 a
Cerebral thrombasis 9 8 1 [ 0
Cerchrd b cararrlane 1a & [ 1 1
Atcuryam {ncludmy syg hidie 10 k3 T H t
Total [ICZNS L R N N

1 rons all sueh scrutinics—and T must emphasize that both
pahed cve nnd microscopic exasunations hase been cmployed
m the vast magorsts of cases—1 have reached the followany,
conclusion  In wvery snstance of agewng one or waore well
detmed chrome morbid condition ean be found at work
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1 o pumber of organy  Experience has taughit us that these
are senous processes capable enough of brin,ng shout the
death of affected individuals at any age  In many eases itis
true equally sersous acute Talling diseases are also present
but they are of short duration and are merely complieations
1 have yet to encounter an nstance where a clear cut patho
logical basis could not be found and moreover one which had
obviqusly progressed and become more dangerous as age
adranced J cannot exclude the possibihty that cases may be
met with 1 shich morbidity 15 not very obvious but I feel
more and more tertmn with increasing expemence that
ngorous mvesttgation manabhy bungs to hght pathological
equivalents for ageng ([ doubt very much whether there are

speaifie structurat disturbanees due to old 1ge and that alone ) Iq
1 hold the view that agemg 15 merely the sector sum of a
number of morbid processes most of which take a time to
develop and often a long time to Teach a senous chmax

Many of these commence when we ate young perhaps even
when we are born and drousl

develop through the
greater part of our actsve Ines  The remedy for ageing must
needs be sought for 10 youth Death then conshitutes one

menns of stoppiny, the progress of morlndsty  With Montasgne
1 beheve that Death 1s but an end to dying
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on of wnnkling he suggested
that there are two processes the possible chan, vulnera)
ge in the Xbxmy of

the etructure and ronstant use [ should have thought b ogically,
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that thrs was 2 dngerous generalization Sureh regular us s one of
the fortures of our physica! trumng and att unment of efliciency ®

J erzdr One of the m un difliculties m all research on old e Lies in the
fict which Prof Medanwar mentioned the great difference i suryival in
an otherwise equal colony  Speaking of work on rats T know thit my
rit colony 1s dving aw 1y 1n a stnular curve to that which Prof Med war
Ii1s just desenibed . What we would hie to know i whether a certam
midiadin belongs to the group which wall die under the 50 per cent
probbility of twenty four months or whether 1t might belong to those
which survive to even forty one months as sometunes happens tn our
colomy A mexsurement of certmin activities could lead to an under
standing  One w1y we tred was by studs ing the adaptation eapaeats of
an mdindual to low atmospherie pressure It turned out that then are
some rits winch adapt very well while others even at the age of tuelve
or fourteen months do not It nught be possble that with <uch an
activaty mensurciment we e differentzite between those mdnadunt
whieh are brologieally old and others whieh are hslogieally still youn,,
T should Iike to ash whether Prof Med wwar thinks that such a method
would lcad to a messurement of tmdn idunl bologieal nge?

Vedatar T think adptibility s an admurable measure of  vatihity
Inrof \erzir s example one s presumably measuning cellular repl e
ment haumatopoicsis  the power of the number of red ecdls to nise and

o to adapt the ammul to the tow pressure It sound o ample and
neat method of measuring what 1s obvioush a profoundy nnport int
ologic 1! funetion

Cotdry T am very muchnterested in both Prof Mcdswar s and | rof
Cameron s presentations and I think they afford an admieble bk
ground for anv diseussion on Just what agang v It s my impression
that we all agree that every tissue and almost every celt ages differently
from the next one that we are really o medley of different ropheements
and diffcrent ages that there are many Wistolotenl tests for ageing a8
well as functional ones that the test of porformance 15 really as good as
or better than the test ofvelnerabilits  Fam unpressed of coune with
the statements of 1 rof Canieron about eancer and arterio ¢loross amd
the pattern that 1s presented o these numerous autopsies hiere in
London W hat strikes me is the probabihity that the patteen would be
altogether different 1n some other countnies I know that the caneer
pttern shows geographical diffinunces for instance ntra oral cancers
in Bomby are very numerous indecd and mm Jopan gastric cancers
exeeed all the other death deiling cancers  Arteriosclerosia is rather
conspieuous §n I ngland and in the United States and is very much fess
§0 1 certain Onental mees and these two major vanahles change the
whole preture or spectrum of age changmes it seems to e When we
were discussing the orgamzation of our book on problems of ngeing, the
first question that we were ashed to come to some agreement about was
what 1s to be regranded as norm il and what as pathologieal? We couldn t
reach any conclusion but I think that we would have Liked to use the
statistical definition of normality if we had the necessary information

That 1+ that the normal is the usual fn a similar population whether it
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asProt Medywar has pointed out you
E ‘:\‘tm d‘tv;dﬁlg: ;i;f}‘l;u;“ft human beings beeatse thers individunt
::red:gt; 1s all difterent and the Taces ate different Weeinst nd mlwc]
the poy ulstion 8 1o age and sex_but that s all A to the Justolonen
changes 14 fike to mention the change w efastic tswue—3ou hase afl
onent Tlnow 1tsanold trick you pull up the skin on the inck of the
hand placed m a flacerd way on the table and with an old pcrsx;n‘hk‘c
me 1t seftles down with dignity but 1f you take a young hand and do1f
1t snaps back. There ladies and gentleraen 1s one of the best Tusto-
togieal measurements of age
7 1scher Perhaps T may add a few pownts tothe vemarks § rof Cumeron
ruade abiout the two centen shans whom we were able to oberve dunn,,
the last years of thur life Furst of all thewr mental state was impostant
As Prof Cameron sad the old lady whose Int years had been veny
Tmich troubied by ibe severe mental duseose of her daughter was
abvolutely struch down by the death of thys daughter That shows that
Ahe general pssumption that old people Jach feebing and aflectivity was
not true in thus case  The ofd man was in hospit 1 in Ins hundredthive w
When he watched a Chnstmas play done by Scout ftls Tus fiee grew
first red and then purple and 1 feared an explosion  Afterwards he told
The that as a Darmmst and 2 Calvimst he was very much seandalzed by
thesplay wbuch was aganst hus principles That shows that ¢yen m hss
tagn dredth veay be was capable of very strong feshings Now a Swiet
psychiatrist a few years ago visited afl 1. centenanans who w that sear
Ined 1 Swatzerland,  Ife foung sotne lass of memory  but na definse
menta) semlits  That shows the great influence of ymind on body  And
T think one other ver inportant. pont winch 18 emplasized by many
pathole gusts 1s the dilference whuch is typieil for old nge betneen
structure and function Ve may find as [ found i these two cases
et ere changes of arteriosclero 13 and on the other hand despite these
changes very few chnical signs 1 think 1t may add ta the elucidation of
the problem 1f we stud) old people who reach 2 \ery great age and study
the compensations which make 18 passible to Iive despite severs patho-
logical changes  Ihat compensation 15 a function which 1 very difficult
1o measure but of ne could try to find out what factors it depends an T
Yunl t would add a good deal to our understandng of the Ppathology
of old age
Lansin, 1 was very much mpressed with Prof ro
pattieularly 1n that they seemed to make a pownt (hatl::::n tnbsrc:t::&
::1:. n;;mer Tt appeared that ’::ole;l?: “I?t‘ sev. c,:h c:mc“ decrcased
winding up with 6 per cent ¥ o Wath 43 por ceat and

A0 tances
out and where you brac! theaes wdividuls with eancer and

et the age groups sixty five to eghty fne T
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wonder whether the artenosclerosis ease refers to the ehty five year
old individual the rather rre enncer case at that age or whether that
refers to the wdividunl of sisty five who 15 one of the 43 per cent who
had cancer There may be a shilt m vour population  But stilf further
your general point was that one s o wide vnrety of severe pathologieal
conditions extsting in the semie I think that s generliy quite true but
my pathologist friends tell me that at least 1n the United States there
comes to autopsy an wmdividal roughly in a proportion of about 1 1
100 in whom there 1v no pathological finding that may be termed the
cause of death  One finds arteries that ave basically normal or show only
shght or at least moderate artertosclerosts  Fhere are no tumours he
gross lung changes no gross Wser changes the prostates are normal
and so on M\ question 1s—does that rare indinidual die of what T think
of as ageing® Daoes hie exist at allan I n land?

Cameron I didn t say anvtlung about the question of caneer and the
apparent decrease with age beeause the numbers were very smalf in the
older groups My feelin, 1s that the cancer had been filtered out in the
younger groups sinty fnve to sevents five on the nssumption that
cancer takes so many years to develop—you reack an age swhen afl the
« ineer fias developed which 1s thehy to devefop  Hut your explinttion
may be better than nune

Lansing T had no explanation I Just rased the quesion  But
wouldn t the same then hold for arterioselerosis which has a heayvs toll
fn mudhfe?

Cameron I dont feel happy about arterioscleronis about how lony
it takes to produce it But cancer I fecl from the experimental work
and so on 1s a thing where there 18 o time himst

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

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

Lanwing 1 beheve Dr Condry vou hivd & case some years ago¥

Cotdry T duint have the case but there was o fady who died in
Barnes Hospital aged one hundred and thirteen or thercabouts who wis
venv agile and apparently 1 good health until Just before she died
Ihere were certain police recards  she was arrested for practiving
medicine without o heence in han<as City aged ninets fhe  The
charges howeser wen not preferred and she was let off  She was
thrown from & horee and hiched 1n the mouth when she wae nincty
something  Lhere are a great mamy detalls  We have nubicrous cases
of this remarhable phenamenon —some foew people growlng to extrenie
old age vers gracefully and almost immune to the mvages of time  Of
course we hive the opgwsite also of the prematunly aged person and
I think that there is undoubiediy a hereditary factor  There js also g
vers cansequential thing, the environment of our tlssue fluids as wrll as
the enyironment that is about us and that we breathe  The question of
sgoing i« complicated I thank it would be very niec if studies could now
be made using rudicactive sotopes to discover the rate of turnover of
these substances with age It should be pousible to secure quantitative
data on the ageing of a considerable number of tiesues without too
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st b analyas tahos,
o le :‘(“(;:l;‘z:c(:\:‘:;sml:ﬁm;:::\? by ‘chmun)ung indni
:ﬁlﬂ‘:}:ﬁtﬁ)‘:\‘; There mught nat be as great idrdusl vanalion. ts e
think in this yaurnover
Brull The mam outioohs which fane hce-\dvrgn‘ng‘gm‘;;'; e
afternoon sbout agemng are {1) compensation and {2) adap 4 stll com
Kmow that we con lose 2 (eat deal of our man tissues and st
pensate swith what 1s eft of them We stress too much the lestons we
fave and forget that 1f what 15 left of normal (or what we consider as
normal} ti sue 15 able to adapt itself ta the situation then we do not die
ay I ash some of thase here to consider how noml tissue changes
even without artenosclerosts or tumout how 1t 1ov¢s 118 elashieity snd 59
on  And why 19 1t no longer able to adapt tsell 53 that not areing? Of
course whien 100 much of 8 trssue 13 lost then we can no loger adapt
it when o0 per cent 1s fost then we mav hase more than enough to
adapt Ve can produce collateral arculation hypertrophs dilatation
of the heart and 50 on to adapt the organism It 15 the magmitude of thu
possibitity of compensation and adaptation of the normal tissue »hich
15 left wluch guves the measure of further Wfe span
Cowdry You could put 1t 10 » word couldntyou by savin, that it s
the ability to mantam steady states 1 the tissue groups—homeostass
Lannin, 1t seems to me that Praf Medawar was tryng to be very
diplomatic 10 fus presentation and irying 1o keep eserybody tappy
He had both sides of the preture the bunt tn or the endogenous agetng
and the reeucrent stresses the puthologieal and exogenous factors  Can
we socept the pomt of view that recurrent stresses operate to bring
about downfall of the orgamsm® Do wrtsthes really come from repeated
kg of 1 brons smding and frowning or d7 they come when the
smyles and the frowns are imposed on an ageing substrate? 1 have in
mind Dr Melay s work with rats almost twenty yearsago Dt NMcCay
soukept a group of rats didn t you apparently far bey ond therr normal
hfe spans by wnhibyting sonnal maturation Leepmg the arumals on
luoited duet? These rats as I recall their photographs were remarkably
young loolung at one thousand days of age or thereabouts they didn t
show the wrinkling or the patchy fur and so o although T presume that
the recurrent stresses were still operating I think that thus work 15 the
dey expeniment that s been done in gerontology so far  The whole hub
of the ageiny, problem 1s there  If une keeps an ammat from matuning
‘lfoﬁ“‘:; ¢ ‘%“m'““ contept ’mu“ ?Eﬂﬂg bemns at fertdization doesn t
WEre some pal [
don € srmember the dette TP CRAETS (8 those gats but [
MeCoy \ot tll they were very old It seems that
he epiphiy ses do not seal as met?:c rat there ma‘y be s:t:: ;;mtil:g? Y
in the bones  We are ssill studying that phenomenon 1t defeats g
only the pathology appareatly tut also defeats the geneti tendencs
beeause in vut colony & lew females contribute 1n pny evperment ey
of the very long lived rats sud a fow otber females mntvpk: te t‘}lumm
"‘;‘“‘:bwd rats o1t eeems there 18 & genenie factar lhr;t‘:x mher:::g
ar¢ tendencies towards certaun types of disease but when the net 1s
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retarded then the whole paitholo,y secms to be pusted £ir out mto an
other time nrea where it docsn t occur until the rat should theoretialh
be dawd And of course we need such tests as tho ¢ Prol Verzie ht
Just desenbed gt s extromels amportant thit we hive some s of
mesuring this potential towards lon,, Ifc and resistance ta pathologial
chnges so that we cin Lo bick into the gencties We nead entern for
ammals that arc gomg to hive for very lon,, penod
Schule Twould Ul e to stress that it s most valuabk to pa attention
to the conncction betwoen pronorbnd fanctiont) conditions in the
arterzes and the development of morpholo_icd ¢hanges n artero
selerosis of mn and to trice out this connechion \bout thrty ye irsage
Burger proved that an the progress of a_an,, a steadily ncren g,
deposition of orgunic and norg e aatnbolites takes pliec i the
so ciled  brwlyvtrophie tissues shich have no or only a shight capithing
supphy nnd are nourished predommmanthy by diffu won - Loy was al o
proved for the mncr Livers of the aortic wall Combinn,, these ¢ rdul
analyses of the nocheoniraal structaee of the artornl walls De Hovelhe o
collcngue of mine ot Irof Burger s chnie rceently pomted out that the
de rcc of arteno derobic dinnes in hunun yossels s not adentical on
both sides of the oy There 15 some differtnee to be found hetween the
nght and the left vide and st acems exvadent that ri ht handed e Jove
a rewsonbly higher content of cholesterol and caleim i the walls of
thar vessels on the mght side i comparison with the It Additionally
there art marked and apparently syvstematie dilferoness in the bio
chemical composition of arteriosderotic ves oy botween the arms and
the legs  Inomy opamon these facts are likedy to demonstrate o cdo ¢
rehtionship betwoen functional wisting proce sos i the incutence of
arteniosdlerotic chianges  1ns iden shoubd e borne in mind in further
ro carch work on the pithofunesis of human arterto dero
Comfort T want to ru ¢ the question whether sencseonee of the

endo i nous type occurs moall vertebrates Tt s a problem which the
hterature docsn tseem very (xphiezt about ¥y been teving to find ot
and T d welcome any siggestions that anyvenc here has to offor Youmay
ramember that some yenrs ago Bidder (Brir med §F 103, 2 83

i sted that b wlich never oo ¢ to grow throughont Ufe don t
exlnlnt or wouldn t xJubit of it were pos ihle to con truct thar hfe
table the same sort of mcrcase in the furee of mortality with increasing,
age which you find i mammals  There are two distinet problems here
There s the group of senescent effects duc wholly to secnnulation of
inguries which I rof Medawar mentioned and there is the Dttt by
virtually impossible ta devise direet expertments by which the foree of
mortality in these long lived cold blooded animnls can be studied 1
wish T could! induce the Giba 1 oundntion to finpee e exer a period of
vears in constructing o hife table of tortores We hsa the cekohrated
tortoise of the Queen of Tangn which i alleged to be sery old and which
shows very well Irof Medawar s other group of soeseent « hanges the
accumulated ingurtes It Is blind i onc eve from a fire and buwhel inon
one sude from falling down o ¢liff and 1o doubt it does get less eMicient
as ft continues to line  But does the lthelihond of death alw Incrense in
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1
s from developmental canses? Tm trung ta settle thisat
“‘,';,'\‘w:t“;:} hecpin, fish ‘;m\ 1 had 10 (OMpronuse whole m\lemir:-:‘
o by beeping & small species of fish whieh 15 hnown to e 1 mu\c‘
e span Aniaccordinghy the e ults T get m not be peneriily 1l “I
Tlawever 10 Lelsfes at iy wate 10 the 1Wheritory 1t seetus Neey nmuch
as{ the form of the hfe table 1> gong to hie very newrly the sanie asin »
mammal  \s vegards growth pattern the male of I chistes ceases to
grow at a rdatnely eashy age Wheress the femnle goes on growag like
1le female plaice we thank prabably throu, hout Uife the measurements
are ot yet complete Vet the sex differenty U 1 longenity 1s not 8 \ery
freat one

1 agrec very much with Dr Lansing, that the work of Dr McCay 18
the hub of the whole thung and the point from which we should open our
Wneshigation  Ts 1t the delyy of maturation n the retarded rat + Tch
makes ¢ Inv ¢ lon,er or 133t the pralongation of growih? Inother words
are we to consider that growth per se has some medicnal virtue m pro
Longing the hife of the anwm\t and warding off senescence ar 181 thal the
aninial sencsces when & certain sequence of operations has bien fed into
1 1 have wnterpreted Dr McCay s worh—3 d apry o § A ta lear
what ke fas to say, Wout this —as suaply stowie,, down the perforated
tape vau re feeding 1o the rilculating machime and senescence as tahing
phice nhen the tape 1s evhausted 1f you play the tipe slowh then the
whole eycle 15 stretelied cut n time ™ If 11 5 zeally & matter of growth
ratfier than of sequence of operitions 1t should be posssble m the hoht
of some work Voon® and hus colleagues have recently published on
e grovwth hormone to mice to muntain some measave of growth i
adufts—adult rodents at any rate—and see whether that does have any
sleteetable effect on the hfe fable T would Iihe very much to know first
whether anybats as any data whatsoeve r regarding the senescence ot
e senescence of anumals other than birds and mammals and 1n the
secand pla < 14 hike o bieat wheiher Dr MeCay has anyihmg 1o telt as
how about s more recent work which would throw hght on how fie
frowth and how far differentiation and develapment gre the, essential
‘”“‘t“!‘ ments 1 deternuming Ahe age of sencscence m mammats ke the

MeCay T em? 2 % r the basie problem at all though we have

worked with other Tectes with g ects and with 4 w
Wtcen vears \ orh wwith trout o seerns 1o vt

af saroud species and it seems to hol
there Y3ut we faded with do~ expenmental methods are so e‘dnmcl‘)‘»
illieult with dogy  Lhe dog seoms to siak s epiphyses at about e or
twelve months unhie rodents and the retarded dog 14 much more
xul(s;cctf 10 Paraeites than the pronad dog -
omfort T wonder if T Bt ask vou further wheth
] et you han
o *dence on anothier print % ou delayed y our rats and Lgpt them :tni
lh\:-uh;::c 1! Elm“t‘h m\dw" \\:el!;e 2Bowert thertt to grow up an go through
yele Could that be done m steps’ Could they be 1
0w 191 of the way and thes when they had b?mmc‘sc)w di,;l;:‘v:tx‘l"t:
Mo 1 ¥
2oy VD MR M ELLC I antSvans 1M 30 9 Caneer ftes
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retirded then the whale pathology seems to be pushed fir out mto an
other tume area where 1t doesn t ocour until the rit should theoretalhy
be dead  And of course we need such tests as tho ¢ 1rof Verzir I
Just desenibed it s extramely amportant that we have some tmenns of
mesuning this potentnl towards lon, Iife and resstanee to patholoacl
thanges <o that we can go back into the geneties  We need enterny for
amnls that are jomg to Iive for vy fon,, periods

Schulie Twonld ke to stress that it i most valuable to pu attention
to the connection hetween premorlnd functional condittons in the
arteries and the development of morpholoenl «hinges - arterio-
stlerosts of man and to traec out thisconnection About thiety veirs nge
Burger proved thit mn the progre s of a e, a steadily merer i,
depowition of organte and mor. e itabolites takes phice in the
so CMlled  brady trophic tissues  wnch hive no or only a shight cypull s
supply and are nourished predommantly by diffusion [l was al o
proved for the mner Divers of the aortic wall - Combinn,, the ¢ caveful
anilyses of the ioche el structure of the arteend wall De Hevelhe a
colleague of nune at Prof Burger s cinie recently pomted out that the
de.ree of arteriosclerotic changes 1 human s s s not identical on
both sides of the hady — There is some differonce to be found between the
right and the Icft sde and it scoms ovident that v it handed men hae
a reasonably by her contant of ¢holcsterol and ¢ilaum in the watlls of
thar vesscls on the ni ht side in comparison with the Iit Additrondly
there are marked and apparently systematic differences in the b
chemuenl composition of arteriosclerotic ve ol hetween the arms and
the lggs  Tnomy opuion these facts are Dhels to demonstrate o (Jose
relationship Detween funcionl wstim, processes amd the incudence of
arterioscderotic changes  Thes wdea shonld b borne tin nund in further
research work on the patho_ onesis of hum o arterio coro s

Comfort T want to rare the question whether scnescenee of the
endogenous type occurs inall vertebrates Tt e problem which the
Iiterature doesn tseamvers explieit about T yve been trvang, to tind out
and T d wdlcome nmy s, estions that anvend here has to offor Youmay
remember thiat some yvenrs o0 Bidder (8t med J 103, 2 ORY)
st asted that fish wlicdh nover cen e to grow thronghout hic dent
exbilnt or wouldn t exhubit 1if it were possible to ¢ n truct their hfc
table the sume sort of wercase in the forcc of mortahits with incroasing,
age wluch you find o mammals  Fhere are twa distinet probilems here
Lhere js the group of senescent effects duc wholly t accumulation of
injuries which 1 rof Medawar mentioned and there s the it that it is
aartu ddly impossible to devise direct expermments by wiuch the foree of
mortality in these long Iived cold blooded ammals ean e studied [
w1 h T could induce the Giba Foundation te finained me over a perind of
years in constructing Iife table of tortorses W have the oo hrted
tortore of the Quecn of Tongm which i alleged to be vory old nnd which
shows very well 1rof Medawar & other group  f sencseent changes the
accwrnulated inquries Ttas blind inone eve fronta fire and by hed inon
one side from falling down o chiff und no doulit it docs get foxs eflicdent
na it continues to live  Dut does the likelitiood of death aleo Increase in
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Franihin 1 should hke to suggest for conmderation Iater that a
defistion of senescence s 1 dectease with time 1 the physiologeal
rescries of bissue and 1n the phisiolomeal eapacity to merewe the
nurmber of ceils
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retarded agun and hept mn a state of suspended development or was it
all er none*

McCay Tve pever It them first become sexnnlly maturn and then
stopped them  Youd ereate another vannble there the vartible of
body weight and adipose tissue We have taken rats half through W
and then forced them to become very thin and again  the thin rat goes
to the funeral of the Mt rat

Comfort That was o rather separite effeet wasn t §t?

McCay Yes that s nseparate effect that you run wnto as soon as yott
try that type of experiment beyond sesual maturty

Comfort T have & medical bias here because while it wauld e nice to
keep patients in an arrested state as eluldren as vou hept vour rats
children  the real medical problem 1s to prolong the periad of adult
vigour  And although T suppose restriction of diet is benefleial you
have no evidence so far that one ean bring about the same slowing donwn
of the record 1n adult rats that one ean in young ones

Olbrich Dr McCay did you measure any type of function say lner
function in your retarded rats for a prolonged period and correlate 1t
with the time?

MecCay No Inever dhd  Tn our hands rats are dillicult for functional
mensurements and we d always hoped we could get dogs where we contd
muahe functional measurements

Olvrick Have vou any impression that mage of function b correhited
to time changes in a mathematieal fashion m your retarded rats?

McCay No T couldn t answer that

Olbrich They don t gt am infection?

MceCay \o  We have po trouble with infection ~that s a virtue of
the rat and we hope Prof \erzdr s functional tests continue to develop
and we Il apply them to the retarded rats

Arohn lave you any hotion sbout what is happening that prevents
actual maturntion of the reproductive tract? Is there any partieutar
reason why the gonadotrophins should fail to be produced in your own
animals?

MeCay No We ve been trving, to find out how fate in bfc the rat can
reproduce  Asdell made initil studies on the wstrus (vede a long while
ago but now we are actually trving 1o breed them very Jate in hife ofter
they ve long been retarded  We are using, thse same mts for certmn
tvpes of peychologual testing at prosent. Were al o hoping to use
parabiosis and suture o retarded it to o mt that s Lrowen, okl

Lansing There have been a number of studics i lower organs ms
which show that retandation through dictary control s effectine onfy
prior to m ituration during the penod of growth in the Cladscera and
g0 on that of the dictary rostriction i« controlledd after maturtion there
is no beaefiaal effect in fact in some sfudtes there was actudly a
reduction in total lift span Ihe <xtension  of hifespan i1 not
directly  propartional to the period of eatension of the growth
penod in fact there is a very great di proportion  One or two dayve
extension of the growtls period wilf result ina 10 or 20 fokd IncTease in

hfe-span



GEVERAL Discussion N

Framkln 1 should hke to sugeest for consideration later that a
definition of senescence 13 a decrease with time 1w the physologyeal
resenves of tissue and in the physilogieal Lypaeity to merease the
vumber of cells
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Auniry Itwis, un,FrCP
Tnstitute of Fsyehiatry Maudsley Hospital Londm

AGEMG 15 1 stage in the total process of growth and deeny
and 1t might be expeeted that 1ts mental aspeets ke thesc of
childhood, would cover most of psichology <inee ace 1 a
variable that can bardly ever be left out of account m am
psychologicnlinquiry . But there 1s no such extensi e Iitertur
about the Iatter end of hfe as there 1s about the carher Tor
this there are obvious sentimental socml and technyal
reasons  In spite of the relatively meagre data it s not eawy
to survey the present stage of knowledge beease it rcflects
changing theories and methods i re ard to such fund ynental
matters as learning and personahity

Anv general question as to the cssential nature of agany?

docs not admut of a psychologieal answer the question s a
brologieal one and coneerns the whole orgamsm rather than
onls 1ts psvchologieal aspeet  Ishall therefore it myself to
constdermg some questions about the manner m which we
age mentalls  Chiefly these are Is there a diflerentind rate
and depree of deehne i psvehologieal abihtics which mas
permmt reorganisation and even gnin Just as at mas cntml
disorgniation and deeny?  What arc the chareterstices
which distinguish henlthy agemng from patholo il agan,?
Are they differences only of degree® Arc some mental chan, s
of age compeneatory and adaptine®  What s the phyacal
substrate of mental agang? Iow far do socnd and culturd
mfluences affcet the agang mdividual ather by hstomng,
and aggrvating lns handicaps or by allowsny, rowdjustments
and opportumtics that st him?

N fore scang, what can be card in reply to thescquestions
should ke to look brictly at n coneept whic crops upalimost as

*
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often as adaptation or stress Thas s the coneept of regression
It would be more correct to say the concepts for Behund tius
werd there are evidently several meanmgs when 1t 15 applied
10 ageing ‘The smplest 1s that ongumally gnen it by Ribot
when he wtroduced the term to denote the retention m
memory of the carhest perception and expemences whereas
other memories 1re Jost 1 the reverse order of their acquist
tion this 35 based or crude and on the whole erroneous
observations but 1s at any rate a defined and appropriate
wuse of the word  Another commoner meamng refers to the
way m which when 3 man 1s eonfronted with harsh expen
ences dufficult of impossiile to adpust to s personality
reverts or regresses to earhier levels of integration 1t has the
disadvantage of itself resting upon some 3vague conceptians
and not widicating how the regressn e process affects different
features of the personality nor how far back it pushes the
personality A third meamng of the term by no means open
to these objectons 15 perhaps open to others of & more
theoretteal lind 1 mean the psychoanalytical use of the term
to denote the redirection of ibidinal energy towards nfantile
fantasies  This a5 Mustrated by Karl Abraham s explanation
of why so many scnescent people pay cxcessive attention
1o their bowels  the more the gemital zone retites mto the
bach, round as a souree of pleasure the more many midividuals
turn back to oral and aunal erotwm  as i infaney  Yet
another meaming of regression 1s that winch Kurt Lewin gave
1t he regirded vanous sorts of disorgarsation and reduction
of the field of activity as regressive, powmting out that the
Tatterns of behaviour sbservable in senihty or impnisonment
t:;“f;g x:‘:li:mti i:z& iheddxi\‘erent aspects of regression are
ot ot meagr:x;w‘s 4 :p‘:l:\‘s e:t of each other  The term has
g ontext Spielmeyer used 1t for
ln\ll"mcv to desenbe the arterial changes i senile brans
:\’:c gn?du;er;hr&cma“ psyclatry late middie e 15 called
gression {Ruchbildung) A word so confusingly

\arousinty and appl
T 53 cholo,
thete are 100 Toany amhs 4 c(mcei:)t)s as ltng;

+

T 0
guos words ans
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But st may be suid that beneath this varety there 1s one com
mon notion, and an mmportant one—that the agang man
( reverts to the psychologienl wavs of Ins earlier e This v a

very anetent and fanubiar tdar Anstophnes wrote that old
men are boys agun and no doubt 1t goes much further back
than that But the second cluldhood * view of old age darves
too obviously from some supcrficinl fentures of semle dementn
Old men, 1t 1s true, may become self centred greeds boastful
prone to taptrums sulhy and m other wavs  childish’, as we
say but I see no more reason for equating this behay wour with
the corresponding behaviour of a y oung elild than for equating
an old man s tottering gut with a youngster s toddle, or an
old man s urmary mncontinence with a baby s bedwetting It
15 a purely descriptive simularity  wlhereas the concept of
‘regression  amplies essential adentity Unlike Hughlings
Jacl son s prineiple of dissolution of function towlich it hasa
deceptrve aflintts at nerther cxplans nor describes

The psyehoanalvtical usc of the tcem howaver cannot b
entreised on these grounds  Cranted the psychosnalytieal
theory regression docs i part describic the psychopatholopy
of many of the emotional changes and morbid heheds of the
seneseent or semile pitent It s almost enbirely however a
matter of mference nnd analogy very fow dderly people hase
had an actual psvchomalysis And it fasls us as do so mamy
concepts based on study of the abnormal af we wish to ac
count for the constructive readyustments which often appear
m Inter Itfe an spate of reducad capaaty in some respeets

The first general question and the most dificalt s to dis
tinguish the aintnnsic or normal psscholoicil accompam
ments of chironoloaal agan, from those that arc morind
IThe problems e ths arc not ilirent from those we mect
when we tey to distingush between phivsiolosieal and pathe
logie] apemy  but T think thes are ancomparably maore
difticult to solve - Apart from the common troub le m dehnmge
auy essential distinction batween posmal and morbid - we
have very hittle ground for corrdd iting, mental with structureal
changes we cannot polate mental functions roadhly  and
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mans of the mest impnrtant ve CMNOL MEASIEE ;\\\\d\‘ “g
ik tikes s only 1 bittle way and we ¢not contro
ame + wnables which are probibly powerful mfluences upon
the rate wd sions of mentat 2, em m humn \m:lnhsl L]m\se
quently we are depris cd of many of the methods wlich '\[rc
avatlble for separating pathological from normal in the
wometse fertures of old age i

1t mught be sad that these difficulties ean evidently be
overcome since they have heen overcome at the other end of
e To some extent that s true Ve hnow 1 creat denl about
mental changes w chiidren as they develop but them also
the dificulty of teling whit 15 pathological may arsse
matters of emotion and hehaviour 4s the experntence of every
cutd mdonce clime attests  In any case agemg 1s spread
oser 2 longer pertod than childhood 15 1ts timing and form
are probably Tess orduned m adiance by heredity and the
strong environment 1l influences that may play upon 1t are
heder to control for purposcs of mvestigation  Hence the
reater obstacles i studyIng 1ts normal character

1f we cquld telate the normal mental charactensties of old
1.¢ to structural chanes i the ageing brun we maght be
better off This we cannet do Such chanees aceur of course
but kave heen very httle studied in the normal  The only
thorou, b examination of cercbral chapges 1n normal old age
vneompheed by dementa 15 Cellerstedts whih was
crried out on 20 brains s careful findings lead to a dead
end s far as the relatm,, of cellular to psyehological phen
omens gocs  Thus spething of semle plaques he says

Manchen andern Autoren besttmmend  honnen war als
unsere Auffassung aussprechen dass die e Cebilde ob micht
oder ub 1 rossen Men en vorhanden durchaus hetne sichere
:\‘uss 1.¢ uber den vorhergehenden psseluschen Zustand des
Pitenten erlauben  Sumddarls Oshar and Ceetle Yogt m
1911 compared the tomate strueture of the thalamus n the
braws of four distingunshied old scholars who had presersed
\\\lnr :n\e\\ce\un] faculties till thesr death with those of men
who had died 1n scile dementis they concludedl that the
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mvolutional process m the thalamus (conssting clieily of
nerve el degeneration and death w the contro mednn
nucleus) 1s the sime v normal old men with nmmpand
mtelleet 15 i sentle dements  This docs not preclude a
relation between the normal mental deteriorttion of old age
and the plaques, neurolibrillary thuchcning and other ehin,es
seen 1 agemg brains, but it makes 1t dubions and cortunly
does not help an diseniminating norml from pitholo_ical
mental changes

1t has siidarly been impossible so far to ink the kand and
degree of mvolutional mental changes to either cerebral
arterio venous onsgen diffcrence or to the electro encephelo
gram or to endoerine findings  Ieus and s collcagnes at
Worcester have given us data about hnted stress responses
which show no fulling off with age m healthy men and I hope
Dr Irceman will further allumminate thes matter in his paper

Lp to now however purely psvchological metheds of
assessing what 1s normal have boen uncheehed by reforenec
to the matertal basy or accomp inmients of the functions i
question

Most of the detauled information about normal psy cholo il
agong, has romrd to cogmtion  Intelhgence  peraeption
memory - mental dlicieney and speed have haon measured
and the rosults indicate o deeluse ot s true w mtdlectunl
powers but anc that 1s not umform nor certam nor predict
ablc  On the analogy of phvacal functions this s what one
would (xpect allometrnie growth and  allomctrc dechine
m some npc okl age and o othos promature saunbty no
tohens of rapnd deeay to come no guarntce agamst it Lhere
s however very hittle oanet mformation about how mmn
indoadunl ages mantally the data we have arc demved from
annh sy, the scorts btained I sample pupuiations contain
g, morc ot less adequate numbers of people of differint nge
Lroups Hins method wiieh has boen so frntful an de e ron
tng the mental gronth of children has led to ether doubtful
conelustons when apphed to ageng adults  Swnples have
been small of biased and 1t has not beet safc to assame that
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the measunng instrument Was measuring the same abilities
* \d‘th”:rrxezl‘z:sg:lseclme begin?  Earher worh seemed to show
that the a3 erage scotes obtawned on intelhgence tests dimin
wshed at an ncreasing rate from the third decade onw ards
Bot tlus 1s now questionable Patrich Slater on a carefully
selected and strattfied sample of 2000 men aged 18 to 32
found no evidence of an mcreased rate of dechne from thirty
onwards  Vincent more recently examuned the scores of
7297 subjects on a verbal mntelbgence test and found that
fetween the ages of twenty and si<ty the mean score declined
steachly showing a Inear regression  The annual decline of
he mean score was found 1o be ihewse constant when other
tests had been used 1t wis between 026 and 030 of the
standard deviation of the test Such a finding though
important 13 less valuable than one which would establish
whether the annual dechine i an individual 15 related to the
maml level attamed say  at sixteen or twenty, orto the
rite of mncrement duning the earher years of hfe
{ know there 15 no evidence at all on these ponts

% score on an mtelligence test 15 a erude summation  If
ax scems to be the case the dechne of some abiliies 1s more
rapid than that of others the deerement will be small on some.
subtests and large on others The abilities least ffected bave
heen those concerned with vocabulary and imformation
while most rapid decline was eswdent 1 the abibty to deduce
relitiony and adapt to new stuations A mean total score
would conceal these differences as well as the diferences

between indiidusls  The long dispute sbout a general factor
snd speainl factors 15 relevant to thns Balinsky using
Thurstone s method of factor analysis and mtercon‘chtm:
seorcs on subtests of the Wechsler Bellevue Seale at different
nes conciuded that mental orgamisation changes over a span
ofvuars Trom duldhood r

onnards there 1y
speetal
raton and then Jater the ariou: S

s speerl abilities are nte
wfated mto 1 tloable shoke but with subsequent chan_es 11
the relative extent to which speaal abilities are \x\\hzes e

As far as
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myolutional process in the thalumus (consisting chiefly of
nerve cddl degeneration and death i the centro median
nucleus) 1s the same i normal old men with ummpaured
mtellect 15 m senile dements  Tlus does not preclude
relation between the normal mental deterroration of old age
and the plaques, neurcfibrillary thiehentng and other changes
seen 1 agemg brams, but 1t makes 1t dubious, and certamby
does not help m discnmnating normal from pathologieal
mental changes

It has simlarly been impossible so far to hink the kind and
degree of mvolutional mental changes to either cerebral
arterio venous ovygen difference or to the clectro encephelo
gram or to endocnne findings Pincus and Ius colleagues at
Worcester have given us data about himited stress responses
which show no falling off with age n healthy men and I hope
Dr Treeman will further illummate tlus matter m lus paper

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

Most of the detatled information about normal psvehologienl
weing has regard to cogmition Intellicnee  pereeption,
memory  mental efficieney and speed have been measured
and the results indicate a dechine 1t 1s true 1n ntellectual
powers but one that 1s not uniform neor certun nor predict
able On the analogy of phystcal functions this 15 what one
would cxpect allometric growth and allometrie declme
i some npe old age, and i others premature semhity no
tokens of rymd decay to come no gurantee agunst it Ihere
15, howevir very hittle exact mformation about how any
ndividual ages mentally the dats we have are dernved from
analysing the scores obtuned by sample populations contamn
ing more or less adequate numbers of people of different age
groups This method which has been so fruttful mn dcternun
ng the mental growth of children hs led to rather doubtful
conclustons when apphed to ageing adults  Sumples hasve
been small or biased and 1t has nat been safe to assume that
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whether a lon stote on one of many
‘;;:cz \:elczmno! “:" :&e d t on an ongmally low
acliesement or on the other hand a gross faling off from 2
previoushy hugh attainment 1t 1s true that we attempt to
distinguish between these by deviees which assume that some
ahibities (especafly < oeabulary) are almost whaily retamed
while others declme we therefore detect and measure the
dechne 1n terms of this dispanty  But such devices are 1m
practice weah they hardly do justice to the individual differ
cnees 1n constancy or otherwise of  otabufary and information
as people grow older and they cannot tell us at what rate
decline has accurred or wifl oceur in the future Moreover the
decline must be fairly gross to be detected with confidence
1t has been urped that the degree of dechine 1n any mdiva
dual 15 inersely related to the optimal Jevel of mtelhgence
the more stupid e 15 the faster he will become stupider still
ay hie grows old if he 1s boght he will remain brght  These
findin_s bespeah an acaderme bias It 1s true that m 45
Emnveraty professors aged sivty to eigbly exacling tests
shoved ao unambiguows evidence of deeline but perhaps 40
manual labourers aged sixty to e hty who had Ined satisfy
. and healthy bves would also show no unambiguous evs
dence of decline from therr more modest Tevel of intelbgence
Voreover i ald people so many aflow anges nust be made for
semory and motor defeets and unfamilianty with test
procedures that assertions about the more rapid dechine of
wtdihgence  the less intelhgent must be serutinized very
crtcally

Un the questson of deteriortwn 1t the Iughly ntelligent
hosever we ean profit by the pamstaking
Whma Tiating fumsell to

labours of Harvey
cliranalo,eal o,

the relationship between
-t o4 outstanding achiesement 0 seience
medione plulosophy muste art and rerature he found that

mall of these the mavimum production of first rate worh,
had uceurred before the age of forty §

el ut that there are many
r\l Weesof O plonal posers retamed into the eighth decade
OFUIC Verds for example composed Oleflp a4 sen enty three
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matter how the factors are named or interpreted, it 15 evident
from Balmshy s data that the same tests measure different
abitics 1 the adult at diferent ages  Birren hikewne
factor wnalvsis of data obtumed from the VWeelsler Bellevue
Seale wdnunistered to subjects between sty and seventy
years of age found that four fictors could be extricted
from the intercorrelitions they were—ierbal comprehension
closme  (non verbal orgumzation of swual  perecptunl
nternl) memory, and perhaps induction

“The greater scores usually attamed on tests requirmg verbil
comprchension depends mamly on the store of verbal m
formation retamed by ageing persons while abithty to wequire
fresh mformation and face fresh situations  dimmmshes
¢ It scems reasonable that the age of optimum learmn, ud
the age of maxumum stored mformation are not camerdent
and do not correspond to the age of maximum scores on our
mtcdligence tests It follows that a seale Iike the Weehsker
Bellevue necds to be doched of some items and nmpllhcd with
some others if 1t 1s to cover the mental abilities of agumg
people and permit compirison of one clderly person with
another or with a st indard population of the same ag¢

It scems clear from the many studies of dechine m ntellt
. thee moagemns people that ¥ wide ran_e of tests and a semes
of lonntudmal studies of the sime mdnaduils e essentil
If we are to make progress  \ wide range of tests s ealied for
te cover the primary mental abilities as fully as possible
wd longitudinal studies are needed to allow for the very wide
mdinadual differenecs i optimal performanee level and
performance decrement as a.c ady mees—mdiadusl differ
ences whieh are submerxed and undeteet ible when the mean
seores of [arge groups of people of different aes are compirad
Ths Jast difliculty s a most serous one  Lhe reat success
of the famuhar mcthods of assessing feved of intedliscnec
culdren of differcnt aes has ¢ wsed us to coneentrite morc
on performance relative to others of the sume a.e than on
rite and khind of change 1 the mdnvadual - So fon, 1 we are
roraut of the porformanee Icved of an andoadud m his
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and the time when 1t was Jearnt We are stll some :.‘:Z
from being able to measure effective memory it Cm:m b

taken for granted that ‘ digit span sentence repe mon‘
‘retention of Turhish kaglsh vocabulary  and other such
tests or the recogmtion of pictures gve a far estimate
of anvone s capausty to setomn and reproduce what he has
percenved or tried to learn Moreover performance on most
memory tests 15 mfluenced by mtelligence and habat patterns

s companson of an elderly group with a youthful group
can therefore be fallacious  Such groups have usually been
matched on vocabulary score of socio economue status

nesther of which 1s a wholly safe ciitenion Even so the more
wtelhigent of the oderly subjects do much better than the
rest and those who have least need to organize ther habits
in order to fearn an ntellectual or a motor tash show least
deficrt The learning process from mual perception to final
parformance 1s now being examined with such energy m
relation to a complex theory that retention 1n the human
subject at different aes will perhaps soon be elucidated but
far the present we cannot dissect the disability that the old
have i learmng unfamibiar tashs  Possbly this 15 to make
necessity out of o virtue  Sir Fredene Bartlett wrote not so
long ago that it 15 msufficient to collect analyse and study
meysures of simple bodily or mental functions cartted out
artificral 1solation from all others what 1s needed 1s to eolleet

anatise and study measures of skt This of course 15 what
has been done by Welford and s colleagues at Cambridge

s %ir Tredene »ill be speaking later on about this and
shout rememberimy I would only 1y now that the Cambndge
expeniments hive demonstrated the tronble which the elderly
Wive in orgamsin,, new weoming date and perhaps also out

gomg acion  Whether tlus accounts 1 part for the greater
slowness of the aged m pecformung many intcliectual and

wolor operttions and for their rlatne ar total Ealure m
speeded tuhs 1 shill doubtful

Compensatory tendenccs
Wy entble n good Yerdd of acluesement to be mattatned
*pe of impared capabibities so Tong o5 the muthod ana
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and Falstaff at seventy nme  Humboldt wrote the five
volumes of hus Aosmos between the ages of seventy s and
eghty mne  Gocthie composed the sccond part of Fanst
between seventy and eighty Calileo at seventy four Euler at
seventy two, Laplaceatseventy fiv e were still mahing v aluable
angmal contributions, and there are many others It was
howet er n the continuation of work wlich had eccupred ther
youth or their prime that these old men were engaged and as
Lehman points out, they chieflv assembled hnowledge or
completed an edifice they had been bulding all therr lives

But although qualities of the lhighest order, such as are
essential for great scientific discoveries and the crention of
hterary and musical works of gemus dechne with ads mneing
years, many of the requsites for distinguished work hue
clearly been rctamed It 1s not yet posuble to define or to
measure these qualities to which we grve loose names such
as mental energy, or determmation But as Termon has
suggested, 1t ts desicable that as full medieal and psy chologient
observations s possible should be made of contrasting
groups of creatine persons includmng (1) mdniduals whose
productinaty dechned early and rapidly and (b) others who
have remuned preductne to a much later age  Such con

trasting groups can be found m the faculty of amy harge
Unnversity  An mmportant feture of the chnieal approrch
would be the study of motination i the indnaduil and hiow
these are affected both by speefic influences of the immediate
emvronment and by the large <ooiml and ealtural tronds
charactenstic of the given time and place  The elfort of the
Guilford group at the Unnveraty of Southern (ahforma to
develop tests of ereatne thinking " may pernunt psy chometrie
estimnates more relevant to the contrast thain existing intell

gence tests

Other measurements have been made notably of mumorsy

but these hnve not added much to the common obsery ition
that wemory declnes with advaneing vars that mdraduls
differ yidedy 1w tlus respeet, and that m the «im mdinadut
the amount of declme vances with the sort of matertal lowraed
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aud the time when 1t was learnt Ve are stdl some way
from being ble to measure effective meniory st cannot be
taken for granted that digit span sentence repehhun
retention of Turhish English yocabulary and other such
Yests or the recogmtion of pictures gne a fatr estimate
of anyone s capacity to retamn and reproduce what he has
percenned or tned to Jearn  Morcover performance on mast
menmoty tests 1s mfluenced by ntelligence and habst patterns
a companson of an elderly group with a youthful group
¢an therefore be fallacious  Such groups have wsually been
matched on voeabulary seore or socto economic status
neither of which 1s o wholly safe enterion Even so the more
wtelligent of the elderly subjects do much better than the
rest and those who have least need to organize their habits
n order to learn an intellectual or a motor tash show least
bt The learning process from initial perception to final
performance 15 now bemng examned with such encrgy w
wlition to a complex theory, that retention 1n the human
subjeet at different a_es will perhaps soon be elucidated but
Tor the present we cannot dissect the disability that the old
have w Jermng unfammbar tasks  Possibly this s to make 2
neceswty out of a virtue St Fredenie Bartlett wrote not so
lon,, 8o that 1t 15 sufficrent to collect analyse and study
measures of sunple bodily or mental funetions carned out 1n
artifeial 1solation from all others what 15 needed 15 to collect
unalyse ond study measures of skt Thus of course 15 what
bas been done by Welford and lus collragues at Cambndge
s Sir Fredene will be speaking later on sbout this and
about remembering 1 wonld only say now that the Cambnidge
experiments bve demonstrated the trouble wiach the elderly
fave m orgatesn,, new incoming data and perhaps also out
o, action  Whether thus sccounts i part for the greater
slowness of the a ed performing mans intellectunl and

motor operations and Tor ther relative o
r total farfure
spevded ke sy still doubtfuf o

Compensatory tendencies
@ enable a good fovdd of adhicyement to be mamtamed 1n
spite of ympatred capabilites so fong as the method and
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timmyg of the tash are under the ngemg persons control
Many studies have shown however that the steady process
of slowmg m simple reactions and chosce reactions probabh
begms m the late teens or early twenties

Person ihty and avarencss of defect mny be vs important s
degree of defect When an dderly mn uses a rather different
method from that of 2 younger man to curry out 4 particalir
tash  becawse he cin no longer command the cipiaties
requusite for the earlier method he mas not be avare that he
15 domng so or much less often Jus new method may be the
outcome of reflection wmd evpernment  Personality factors
wilf affect Ius :ttitude to disainlities and lus success m copmg
with them  But on personality changes m the dlderh wehme
Iittle systematic nformation  Most of 1t comes from cgoss
sectional studies winch cannot tell us whether 4 trut or con
stelfation of truts 1 promment m the clderly onhy when the
same truts have beew evident in them when they were young
Itss for exmmple commonly held that elderhy people become
more obstmate more self centred more ngd and consers ytne
but the oppostte quahties arc o ohserved m many —undue
phaney gossiping curtostty vaailition and uncritieal aceept
anece these secm Jess to be the cliracterstios of e than
underhined feitures of mdividual personahty At present
many of the charictersties of old a,.¢ s ordimanly under
stood are attmbutcd to the mtorpiny between the mdnadual
and lus soernd environment which moulds his personality as
it miflucnces hs activties and mterests but halimann s
reports of seneseent one ¢, twins who hue hned ther fives
far ap irt sug,.cot that too much wei bt muw be nen to soend
mfluences n deternumng porsonnbity changes w old ige

Rorschach tost rosudts hue boen mtorprtad as showing
m the aged reduced rosponsivencs to emotional stmub
mability to wse mner resources  difficulty i formm,, satss
factory socind relationships and lessencd mstmctund control
but these findings are by no mowms re ulrdy encountered
Danael Selusters okl entloman of one hundred and vy
vivedly allsstrdes thes Ile provided arch and productsve
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{Rorschach) record whose Laried content suggests an ihdivy
duat with s multiphesty of mterests  He 15 aggressive with &
strong dnive for achneyement a drive that 18 accompanied by
good creatnve abihbies Emotionally he presents a picture
of 3 baseally mtroverted indindual whe m emotionally
stimul stin,, sittations 1s capable of respondin,, 1 1 warm
mature manner he depends upon Ins own resources
Though fe v slmost appent extraverted m fus somal con
tacts {he) actualls mantans these on a superficil level for
the most part with the eveeption of a few carefully selected
warm assomations  ‘The nterp of a Rorschact
record 15 3w 115 open to question but m this instance 1 man
who was very old indeed farled to show the changes supposed
to be characteristic of the ciderhy

Other means of nqury into the personality of the 2 emy
e been wterviews attitude questionnawres and inven
tories  For the most part the populations studied were small
ond dicersddy composed  The Chicago mquiry however
showed 1 a large sample of elderly people 1 lessening of soeal
cantsets satisfactions plans and zest  The limutations of
fir ¢ seale inquiries about personihty are great  They are
necessarits as a rule concaned wath self reported behaviour
and with subjectine accounts of happmess worres and pre
ocauptions thes tedl more about what 2 particular somety
mposes upon elderly people of 1 particular socio-economic
dns and what effect mirmities can have upon conduct
tn about lasting changes of personahity

There are those who hold with Wilham James that by the
2,0 of thirty the character has  set ike plaster and will never
ofton aain This arbatrary. opimon waples that adult
persunality has o recogmisable structure wath unchanging
bt What these ponents are and how they can

and thewr mode of orgrmsatian classified 15 still

cntitros ersia)

I+ howuver generafly agreed that when
criun sthiudes and intercsts are steaddly manifested 1n a

“os ot way and oceur often enough with cettan other
Mttmdes we Can tafer—nd by sppropriate methods dery e—
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a single more fundumental factor which mamfests atself m
them, similarly we measure traits such as perseverition or
persistence which represent an abstraction from scveral forms
of conduct or test responsc that evidently have a common
factor To determine whether personahty changes with
advancing age and how 1t does so the surface manmfestitions
of attitude and mterest have to be distingwshed from the
underlying common factors wlich mahe up the bisic per
sonahty As far as I know systematic studies of age changes
have been almost entirely concerned with the former no one
has applied to the findings the methods of statistical anlysiy
which would reveal whether there are changes n the common
underlying characteristies or in the way 1n which they arc or
gamzed It is perhaps a viee in this predominantly statistic 1
approach to the problems of personality that it treats the
cross section of attitudes and test results 2t a gnven moment
as a constitutional attribute almost immune from time and
change yet there 15 no mherent reason for this exeept the
great practical difficulty of large seale retesting of the samc
population or of another population strictly comparible m
all rddevant respeets exeept age

Many of our assumptions about normal personlity chnges
n older people arc influenced by the features which mental
disorder wears n them  Psycluatnsts i particular often
allow their expericnee of piranoid and  hypochondrical
trends m senile psychoses to bias their opmion about the
normal changes of personality m old age  his 1s undcrstand
able since most psy ehiatrists nceept the postulate that mental
illnesses not accompumned by constant demonstiable tissue
changes—the functional  psychoses—express charicteristies
of personalty writ large  But do the mental disordurs of the
clderly mn fact exhibit featurces pecuhar to this stage of hic?

It 15 involutional melanchoha’ that this question hs
Bicen most obvioushy disputed  bachwirds and forwards for
the last fifty vears  The ehractonsties sud to be fypical of
these depressions of later hfe are  hystencal symptoms hy po
chondniacal and paranoid ideas, extreme foar and ngitation
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hllycnations and catatome features  Though conr;\on
these symptoms eannot be tegarded as specific None of them
and 1o combination of them 15 restricted to the efderly there
» no chnsedd picture supposedh typent ot mvotutional
psychoss that I hinve not seen i the swme form i men and
“omen 1n ther twenbes—though 1t will then be given a
Mffercnt diagnostie label  Why aptation hypochondrnacal
delusions (especially about the bowels)and paranoid distortion
should be so much oftener seenn fater bife 1s unclear  Some
waut t relate them to the pamful expenentes generating fear
and msceunty  which arise out of wanng powers lessened
watas ond narrosng field of sotivity as age adsances Others
fime put forward psychoanalytical coneepts of enhanced
nirctsasm introjection of ambivalently foved and hated
objeets winch are then Hiennhed with over imdimzed viscera
ant frustration of sexual deswres leading to the revival and
{ntrance nto ¢ ss of mfantile f:
explinations are equally appheable to simiar ph
in vounger peopic they do not account for the frequency of
the constelintion of symptoms w the elderly

Brieffv  then mental diness wm mddle aged and elderly
peaple €An oceur w every form that occurs at other phases of
adult e but & more often charactenzed by somatic deln
swts terror and dutrust  If the tlness 35 Jess severe these
chamctensties mav stilt be there but may seem no more than
harmuss newrotic symptoms  They are then taken to be

ateentuated truts expeeted m the elderly~ senes moros:
phibwatt doien suspiesost

but as these

That these trats—suspicion,
anttons sl eonecen agitation ~are m f1et ty piead of old age
w6 mor true than that their oppasttes are—ercdulity self
confidener apathy  The mental abnormahities of late middle
e apirt from dementia are the late reatsation of consty
futional tendencies thou h the genetieal factors seem com
tleated and not speaifie o senile or meolutional Mliness
The henitiner the pensonshity in early Nfe the less clance of
fature to sdyust to the changed ewesmstances ang capaoitise
of nidvaneing age b
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a single more fundamentl factor which mamfests stsclf m
them, sinularly we measure traits such as persesertion or
persistence winch represent an abstraction from sey eral forms
of conduct or test response that evidenthy have o common
factor  To determme whether personality changes with
advaneing age, and how 1t docs <o, the surface mamfostations
of attitude and intcrest have to be distmgshed from the
underlying common factors wlich make up the basie per
sonality As far as I know systematie studies of age changes
have been almost entirely concerned with the former no one
has applied to the findings the methods of statistical analysiy
which would reveal whether there are changes in the common
underlying charietenstics or tn the way m wluch they are or
gamzed It 1s perhaps a vice n this predomunantly statisticl
approach to the problems of personahty that it treats the
cross section of attitudes and test results at a gnen moment
as a constitutional attribute almost immune from tune and
change yet there 1s no inherent reason for this except the
great practieal difticulty of large seale retesting of the e
population, or of another population strictly comparible m
all relevant respeets except age

Many of our assumptions about normal personahity chnges
m older people are mfluenced by the features which mental
disorder wears m them  Psycliatnsts m particular often
allow their experience of parwod and by pochondrieal
trends 1n semle psychoses to buas their opmon about the
normal changes of personality n old age  Llus 1s understand
able since most psychiatrists aceept the postulate that mental
illnesses not accompanied by constant demonste tble tissue
changes—the functional psychoses—expross charactenisties
of personahity writ large  But do the mental disorders of the
clderly in fact exhibnt features peculiar to this ste,c of ife?

It 1s m mvelutional melancholia  that this question has
Lieen most obvioushy disputed, bachwards and forwards for
the last fifty vears  The charactcnsties sand to be typicd of
these depressions of Infer hfe are hystereal symptons hypo
chondnacal and paranoid tdeas extreme foar and agitation,
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vident that thus his no single souree Lt depends on psyeho
| jead eomslitwbion  wd socl and eultural mfluences
Morcoter it 1 not uuhﬂ'crcntl) cn,ﬂ,(d n compensating for
any and every defeet but vanes gre 1tly m the ¢ ime mdndval
1 respeet of diffcrent aehuer ements and ways of substitutive
attamment  To foretell 1ts effectiveness 1n 4 senescent we
<hould need to hnow how 1t had worked 1n the past and upon
what wiaet resowrees it could now draw  As Piaget found at
the other end of fife reorgimsation even when unforcseen
and wudden never occurs woless the mental combination
whiel determunes 1t has been prepred by earlicr expertence
Thus analogy with the desclopmental phase may go deeper
adjustment to the problems ereated by differential merease
1w abulities man set the pattern that will he fallowed when the
problems are sct by dafferentinl dechine  But of course 1n facing
the Iatter the idisidual 1s hampered or helped by the halats
Ui s developed durmg many decides and the socal wmsty
tutions withm winch e has exererscd Ius thihties and set up
Tis standards of aclnevement  David Riesman recently stated
v bagune the predicument of the ageing person wha
tias i a busy carcer confined Ins nctivities to cver renewed
tashs gven by hus anvironment or who has jnen up the
strugJe eaels i hife and depended heanily on personal and
eccupitionad supports wiieh are withdrawn when he retires
fnan, etupty of purpose and terests

The cmphass 1 mueh reeent hiterture hout the troubles
of th‘c clderiy has been upon the restrictions sct by their
:m: \n ‘:‘:;u} tuttural cnvironment which may deny them pres

S authenty or tecord them security only at the price of

lonelme s and mrctinsts Wath these must he reehoned the
roerdd pressuncs tnt mas hane sperated over a long preceding
streteh of time to unfit them for the chnges e table uh\
Tater e )

For the stady of these and of most other mental aspects of
Bati, anvestizations prolon, ed enou h to survey the changes
W nd adu s suer many years are essential °
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When progressive dementi v and foeal symptoms espeaaally
wrann aphis agnestt pomt o @ cerchral degenerihne
process of the presomle Pk Alzbonma type ud this o
confirmad post mortam 1t s taupting to attribute all the
essentinl symptoms to cellulie death in speeificd parts of the
bram, yet the cellular changes found m Alzheimer s Disense
have been found also m the brams of undemented old people
Ihe same can be sud of seule dementin The most abuvious
explanation 1s that the cellular damage essentially respon
sible for the dementing process 1s not disclosed by the husto
lomenl methods of cvammation usuaily employed on the beun
Alternatively, the brun—or the whole orgamsm—may  be
credited with such great poawers of compensiting for defect
due to local damage that mental abilities may seem ntact 1n
one person while m another with a simlarly dimaged bram
dementta would be evident  Each of these views 15 optn to
objection they arc not of course mutually exchrave and
may well be complementary  The neuropathologists will no
doubt sconer or later tackle the Instologieal problem mherent
m the first ns for the second, psycholozsts have aleculy
leant he wily on the concept of compensatory adjustment m
esplunmy mdmadual differences m degree and rite of
agemg

1y concept—compensatory adjustment—is still imprecise,
but mdispensable  1he falhing off i cortain abilities  the
anvieties about one s matenal needs health and survval
the nceesaity for finding new soeml roles and prescrang
social contacts  compamonslip and affcction—these art
stresses which ean only he met by adaptation ealling for fuller
use of ummpaired abilitcs and opportumtics to make up for
those that are lost  No doubt the alility to compensate needs
much analvsis It s hardly likedy that the s une abiity s
responsible for the rcorpnnisation of cffictor processes i n
shilled tash and for the activation of an unsuspeeted potentt
ality whereby soctal nmsfortunes or bodilv decny enn be coped
with  If the drving foree 15 the need to mantam m spite of
dechmng or defcctive ability a standard of attainment at ss
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ot tht thas has no ngle sonree but depends on psycho
| tead comtitution and sogal nd calturd mftuences
Morcover 1t 1 not mdiffrentih en 1, ed m compensat, for
any and cvers Acfect but vazies freathy m the < ame indn wdul
w respect of dilferent acluey ements and ways of substitutive
attamment  To foretell its effectiveness 1 1 senescent we
<houd nced to hnow how 1t had worked m the past and upon
what mtaet resources 1t coudd now dran s Praget found 4t
the ather end of bfe teorgrmusation even when unforeseen
and sudden never occuts unless the mental combination
which detetntines 1t has been prepared by earhier expenence
This analon with the developmental phase may po deeper
adjustment to the prablems ereated by dufferential nerease
w atnlities may set the pattern that will be followed when the
problems are set by differential decline But of course 1n freing
the latter the mdividual 1s hampered or helped by the habits
tie has developed during any deeades and the social msty
tutions sithin which he has exereised fus abilities and sct up
tits standards of achievement  David Riesman recently stated
m v language the predicament of the ageing person who
Bias wa busy career confined lus activities to ever renewed
ths given n s nvironment or who has ginven up the
stru ke carly o Ufe and depended heavily on personal and
oeupytwnl supports wiich are withdrawn when he retires
fcoan, i cmpty of purpose and wterests
Tht <t phiasts i much recent liter ture about the troubles
of the ddoriy s been upun the restrictions set by ther
\:.\a( \;\d cultural envrenment which may deny them pres
l“l:( ;t[r,n‘:\t:ul«!mm\ or accard them security anly at the price of
and wactinaty Wath these must be rechoned the

00 pressares thit may bitve operated over a lon,, preccding
streteh of tyme to unbt them for the ebinges mevitable 1n
Later e "

For the study of these and of most other mental aspects of
& v mvest ations prolonged enou_h to sups ey the ch wnges
wndiniduaty over sy vears arc Csential
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DISCUSSION

Tunbridge Prof Lewis has emph d the nced to ber that
longitudinal studies have an important bearing on the true jnterpreta
tion of results and that the statistical approach may be quite fallicious
1oo often as he smd our standards have been based on a fow medical
students or two or three stalf members and the assumption has been
made that that s a fir age distnbution of population  Our standards
for all functions hearing, sight ete may be completely wrong  What
we consider at the moment to be normal for seventy may actunlly be
super normal  Heredity ol 0 may be n factor but it may not be the
most important factor  Iow far 1s longevity in any way chiromosome
determmmed?  Prof Lewis questioned whether there is such a thing ns
healthy ngeing or pathologeal agung, I think that fs a thesis which
necds looking ut rather earefully and in our discnssion I'hope we shall be
cautious and take up some of the pathologieal appronches crtienlly
beenuse we may be fixing, in time o biological process and automatically
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i torting it 4 1s quite easy when you are deabing with orgime
x‘n:\\l:fl rof \h-dm:‘\r s test tubes—to make certain assumptions 1
the brlognl problem once you take 1t out of its context and fix it you
have got to be very careful that you do not draw wrong concjusions

Vuseher I too was very umpressed by the mportance Prof Lewis put
on the necessity for longitudinal studies "There 13 same worh whthis 3
splenhid first attempt ot tongstudinal inveshigation and that 15 the
fimous hook, of the Viennese psycholomist Charjotte Buehler ssho now
tivesn Califorma. The boak. is called The Course of Lafe as a Pyjchologn
enf § rotfer Then I vepture Lo povat o the wealth of mformation you
can fiad 1 general lterature 1 dont thunk, we can get better msight
into the mentality of the old thau for example you find 1 Inthan
Sammer by Gabworthy ot Rawng Lear or f you take the hfe of
Loethe who fived all the different stages with great intensity and had
the power Lo express them ¥ think there 13 very much to gan it yon
stady these examples 1o peneral Wterature

Then there t3 the question of the psychosomatic smfluence of loss of
work, Mot of you fave seen people who when they were pensiwned
had :’ sadden orisis of thewr body funchion and they passed away verv
Aquickly

Another question 15 isn 1t a fact that the number of ganghon cells
diminishes m old prople—does that have any cotrelation with the
peneral mental state®

Leris The ganghon cells disappear hike 53 many other changes that
have been descnbed  Oshar and Cearle Vogt yoade a very (;'n'eﬁlfle study
of the thalamus about ten years ago i the bramns of sey eral old men of
intellectusl distinction whose powers were unmpaired and compared
it with those of others who had had unoustakabie semie dementia In
fx th they found the same changes in the central median nuclens so that
:;:!‘::;\(:mbl;:a feel confident that there 1 any necessary connection
bt :l intellersunl powers and the ganghon or ether dhanges that are
On the other question sbout retirement T would
53y that it dey
:\’ ‘::;:c\\ (\x;‘xhc“, of the ind and on the pendi
.
i l:: er‘u:) )nl;h;lm It has been repeatediy pointed out that the
by m ge of the old man in more simpl societies were more
m-‘ elng than those which await the ofd now We have oiven them
\"\‘x'r;l}: In return for loaneliness so to speak. I would subseribe to the
ol \h:e s recently tahen by David Riesman who divided old people
Bl groupd  There were those whn had lned successtnd hives
b mn“ ‘x:‘ ‘]r;\:nw ;l;n} “s)"m)c:; set !;.em the obs offered them by normal
ulfilled these adequately and on ret:
0 Fieces unless they cont § take uy B ad gone
p other jobs such as hobb

S‘ lrie;(lu\l as much encrgy as they tackled everything in t‘l:::‘b)\):s?\g%
P 'k}-’uni TTOup whim he deseribed a5 anomic  have pest ed
thoe mh\r\':m: :{fﬂ r:,r;’ c;r;'l su;‘mlly mcc:} Tnimal requirements g;lnrn
b which served as struts ¢
""‘ «::‘rmw: u\:: ;\‘: tehrement they £o to preces 5l‘h‘e‘r‘;l :ﬁ:’hix’r:ﬂ)\;

A, remain ereatine and fes | satistoang hves—he gave

5
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Bertrind Russell 15 one example—because they hase mner resounes
which sustun them terespeetive of the jobs which are wahble or the
suppart that 1 provided from outside

Going back to vour first pomt I would mention a distingw hed
compatriot of Dr Vischer « Dr von Mlonthow who wrote an impressne
personal review of old age and 1ts favour ible aspeets when he was lum
self quite old though still active mentallh  1hat essav ean be added
to the hiterary accounts you referred to

Coredry May I ash Prof Lewis a question by expressmg a view that
T have that 1t 1snt so much the loss of worl, though that s ven
mportant asit s the change in nttitude of mund of older men T belteve
all of us have hived most of our lnes away from the home and hive
emploved others to some extent—we employ a secretary we employ
160 menin a factory we are employers and hiave des eloped the emplover
complex  Now I'miean very serioush when 4 mn 1s deprived of this
work he goes home he meets there a stronger mentahty and he be
comes an emplogee I think thus 15 one reason why hic espectancs at
retirement for men 1s so low —not the Inek of work but the trbulitons
in the turnover from an emploser to an employee habit of mund

Jeus T thk that many of us oseillite between these two rdles even
duning our active Iife don't you?

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

Coudry Well of course that 1s entirely diffcrent  But 1 was just
thinking of the way 1t affects most of us who are employers in a smltor
larze way  When we stop bemng an employer finally and suddenly —the
Iife expectancy for o man of «xty five 18 just 1bout half that of
woman of sinty fisve

Tunbridge According to a recent study the majonty of those dying
shortly after rctirement showed evidence of constderalle physici!
disilality and deith was not due merely to cessation of work  Ihere was
an urge to heep gowng until retirement which drove them on bevond
therr physical capacity

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

Tunbridge The goal you sce 1s achived at the time of retire ment
and 13 not replaced by another gorl

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

Do I understand Prof Lewss that vou go along, with Lehman s
coneept of penk performnee prior to the mid thirties

Lexas T agree absolutely — Jhe notable (xeeptions nearly aluave
anse because of the retamed intell ctunl habits and determin ition and
experience pather that because of contininng, creatied capricdts A
hike I uler for example can go on solving mathemtical problems untid
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e v eghts bt vowdont f ] pec ko woting  plw bke Mucket ot
o Flhers 15 4 dfference beteen the bl ¢ € ncducserment \\ i
P at] i Titer hle \{u\‘na\;\ nn\x;\nl\ whiesiment — whas Newt
srtin, W £ eneepat fore e was £ ey
* “I)m;:‘u,,, l\ml iplx-hew Wt was generally around the nac o thrty an
oSt I Yances

Leus Well 1t sames £ v diffrent pecupaticns ~chess champsons
swere alwavs under thirty bye  Dut Tehnin gives det wied Hrores T v
Ihe different, ocvupations 1tk 1t 1 ¢ne of the dana s fahings o f
our society that 1t tends constanthy to eley ite the see a8 which pev ple
are given tesponsibility And of portumty More nn 3 more quihifieatst i
i tratrung ate required before peojle em tackle a Job mn tead of letting
them try 1t the age when they sl dot be t

Dlbneh T woubd bhe to o Wktof Tew it pe sible thnt cerelieal
function c4n be measured i terms of bl suppls 10 the brun  We
found by means of 3 semi-quintitatise measerement 12t with adsane
0 years the cerebrl bloosd (e decrenses Weapplied the die mie thad
measuring the dve distribution between the twe hemu pheres  1or
example if we mve due tnto the nght ctrabid artery and compare the
due content of the tua taternal jagutar vein we bnd that i norm |
younger pers it 80 prer cent of the dhe ts on the samte sile un 't L0 per
cent on the coptrary ate “Now when a Txifzing feston sets in Aing
difference between the i les decreases  [he question 15 14 1t posaible to
mewuze the bl flow the uar uptake and uptake m the hran as
accurately 3 pos bl and correlate theve tindings with the Diets wf dhve
distnbubion  There are we found differences between different oy ses
of worhers  The mmer shns a dfferent 1omd low te the brun foom
that of the intellectudl Ut may be of great watere £ to «e b one ccult
correlate the e changes i Food flow with such function ol metsurement
5540 povchi itast of pevcholom t may i to da

Lewrs 3r 1 Hnmwieh made some obrers itions on tlus mattee— he wng
“A‘Oncemed with artenmvenau avsgen differences and not blond flow
bt L take 3t that #t ¥ cerebral met ibolic Tate that 15 hmportam \nd
ommn {ameron approaching that i Ulferent Wy tried bn altermg

e 1lnnd flow through the brain 1 oid people ta see whether there was
Sl cetaon  the eapacity te pestrm wntelieetnal trshs e wawn t
ke to demonstrate 1t 1 think De Freeman knows more ah ut this

Freeman We hsre dane some studies 1 connection
nwith !

L‘Rt:‘l&\g‘{l Emont but T thank I coutl tell vou better abeut )m:':
«-mmh“ W has gnen yau the information she has on that Pt
o, over a period of admumstratiin of farge amounts of harmones,

é:,,f};:( w0 p;l’(;c\lhr;lmn',;e w pyvehalo ical functions

ml Lew bns

ot Lo Lewas dos ::::::Td the way 1 which detenc ration of
wender of he cont
the oy g w

h:—. th can be influenced by l“’)(ho“( entseence 59 Jud;
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Bertrand Russell as one example—heeause they hive mner re ouree
wlueh sustain them atrespeetsye of the jobs wihaehi are wulible or th
support that 1s provided from outside

Gomg, back to vour first pomt T would mention n ditingusher
compatriot of Dr Vischer « Dr von Momkow who wrote anmpres
personal review of old age and 1is faxourble aspects when he was um
self quite old though stil] active mentally  Shit essay ean be adde
to the literary accounts you referred to

Cotdry May I ash Prof Lewis a question by expressing a view tha!
I hnce that 1t 1snt so much the loss of work though that s ven
mportant nsitis the change mn attitude of nund of older men T behese
all of us have Iived most of our lives away from the home and hwe
emplo)ed others to some extent—we cmploy a secretiry we empin
100 menm a factory we are emploters and hi e dey eloped the emploes
complex  Now I'mean very seriously when a man 1s deprived of th
work he goes home e meets there o stranger mentahty and he be
comes an employvee I think tlus 1 one rovon win hife evpectanes al
retirement for men 15 s0 low—not the Jick of work but the tnbuliton:
n the turnover from an employer to an emplovee halit of mnd

Teers I think that mamy of us oscillate between these two roles even
during our active life don t vou®

Freeman 1ow does that affect the individua! who ts o Tibourer and
who 1s employ ed both before and after retirement?

Cotdry Well of course that s entirely different  But I % 1s just
tlunhing of the way 1t affects most of us who are employ ers in a small o
large was  When we stop being an emplover finally and suddenly -the
Ife expectancy for a man of sty fine 15 just about half that of
woman of snty fine

Tunbridge According to a recent study the myonty of tho e dving
shortly nfter retirement showed evidence of conuderable phy il
disability and death was not due merely to cessation of work  There s
an urge 1o heep gomg untl rerement whieh drove them on bevom!
their pliysical eapaeit:

Lansing Doesnt it follow then that there 1s n Toss of denve at the
time of retirement?

Tunbridge The (ol you sce 15 acluered at the tune of retirement
and 15 not repliced by another goat

Fansing T thmk that 1s the pant though there 15 a fow at the tune of
rebrement  Apropos of unemployment mm have fiuced 1t pror to
retitement  but 1t 1s not disastrous becnuse 1t s generally agreed to
be reverible when one s employable  Che brg, biow of retirement 1s that
3 15 anarreversible process ¥tk that os where Ahe payihe fahes o
beating,

Do I understand Prof Lewis that svou o alon,, with Lehmans
cancept of peik performance prior to the mud thirthes?

Leis T agree absolutedy  Phe notable exceptions nearhy alwave
arise beeause of the retamed imtellectul halits and determination and
expertetice rather thin beewse of contimung, ercative capraty - A man
like 1 uler for example can go on solving, mathem it problems until
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ho-
in the normal tissue  One can telf it 1 pat
ll‘:’;::‘; “\‘l::l‘lel m{::n‘td‘::l normal !:1““?! ‘c‘:;n you vome to amy tough
ans 8s ta the age of an indmdu
coxg;\:‘s;r; ’l think thstgeran e done wih the grestest ease M youy ‘c ot
104013 1o look 2¢ the ghan on the bach of the hand of an indnidual—or
ot can tell the age of the woman y (1 are going to employ 85 8 scereta

%xy the looh of fier face S.ou can tell roughly the age of sLelrlnldmu\clc
1A the dimeter of the fibres the amount of elastie thsue and tissue
fiud between the fibres ) on can ield the old are pigment whenvou see
W n the pigmented tissues of the beds I thunk there are many sough
Iustolegieai or evtological eritena of age

Turbrdge But vou lase chosen the two sites on the shin where vou
canshow 1t the f10¢ and the back of the hand Wiy does it not oceur an
the wner side of the forearm or on the body 7 T think of vou were shown
sections of shin from the abdomen just the superficial lvers of peojde
ared Az ten Bty and eighty you would find it rather illicult witlina
clte to hnow m wtuch order to place them

Counrry Wiy dent we find thewe thanges on the yentral surficy of
the band? Vell one reason that most of these age chantes go with
exposure  The darsal surface 1s exposed the fave 1w exposed the bhuk
generally nnt exposed and the anterior surface of the thigh snt
expused You can determune the age by the decrease i the number of
sweat glands by the changes in the haw by the pigmentation or the
atraphs that sou get with some gges thase ate the changes that are
revealed microscopreally

Tunbrid,e But are they gencral? They oceur in certamn sites but are
not widespread

Cowdry 1agree there s the grestest difference m dafferent parts of the
body Lenving theshtn let LufT A

1 the coronary and radul attenes Jhe 2erations n the rudial artery
with are are nothing like as conspieucus 43 thowe in the coronary artery
Skack Tt thus an 1ssue now of a distimetion between what fins been
oulled a budt 1 32w, process snd the cumuiative changes? Yere bs 4
case where you can defect changes with time 1 tissue exposed to duly
trauma vyer shie tme  But ¥ @ bke to point out that 1 essence \ou are
making the distinction on what <6 t there any more in vlher words the
toss of vin, ool X tunk the question that Dr Aub rased 18 thay
gnven the cell that 1s sull i the shin of the eighty year old man 1o that
cell 83 a umit any dilterent from the cell that 1 n the shan of the ten
year old? Ve don t want t5 hnow what the differences aren the uars
hat have dusappesred s want 10 know how the things that remain sre
l\llglmdmngp Can you detect any differences?
medry Pigment (s an tndication to some extent—;
wn;xecm: t"?):l“ and nerve cells for exaraple Pt—the pigment 10
i There must be & certam ronnection between the so-called
o;;a:tg:d degeneration  of the shur and the caxetaoson of the son m

Yeny oft n degeneration of elastic fibres ™
Y be observed §
with basal cell carcinoma  The degeneration of elastic tisste ca: :}::;
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who collect snuls and the longevity of amateur mturalists—F dou't
offer this ns statisticatly significant—doces appear to be quite phenoe
menal T was wondening how far we bad any direet proof that going on
with the job which an old man can do and which lewds am to be
rCwsonably respected and Leeps him Dusy and so on 15 fact 2 means
of mamtaming, general helth becwse T et the mpression that at
probably 15

T ewts 1us 1s commonly assumed and I should think there s o good
deal of cvidence of the hind that Dr Comfort has brought forward
Tarl Pearson of course was much mtercsted in tlus matter but the
Ailliculty alwavsis thatif you tal e peoplc ke snml experts of Judges of
the High Court or bishops you re dealing with people who have perhaps
lived Itves )mmune from many of the stresses which in manul Iabourers
affect their health and therefore ther duration of It

Comfort 1he naturlists are a surprsingly vaned group as o matter
of fict for they are nearly all amatcurs there are fow manual Ibourerss
but there are one or two among them

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

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

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

Tews fhere 1o evidence that T hnow of from comparabife matched
groups

Shock Tt <cems to me that the Ik of close corrclation between
physiologieal state and mental performance or capacity 18 probably one
of the greatest potential strengths in the entire field of gerontology
The coneept that has been put formard that the ageng process acts fn
and becomes accentuated when the growth process stops has some
analogies to mental performance as well I think we already hnow some
of the thangs that can continue mental growth in the face of ccrtain of
the physiological decrements that often appear with advancing ng
Although we do not know as yet how to prevent the physiological
changes we can do something about heeping, nguing, people mentally
active  The low correlation between phywalogical and psychologicat
measurements which have plagued us in the pist may be our greatest
hiope for the future

GINTRAI DISGUSSION
Tunbridge Can we hegin with o cellular appronch®  Ts there an age
aspect of the cell?
“dub s group ought ta reach some conclusdon about ageing fn the

Dr Cowdry s there are oy tolomenl tests for ageing,  Elere are

e 1 Id Like to hnow whether they can tell

goud pathologuts here and
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<y that an ndividual s bikelibood ofld o :x\ conest '.'{c,m;‘.;fx‘?r‘\?.ﬁ
e afic elange and ol

&“\f«‘;ﬁ& S bund eye o the statisticsl tvpe of approach

Cameror o Lhavent Tma have turned a Tulf bhind eve  Tagree
abeolutely with you that there1 ntam thng speafic but the frequencs
and therefore 1t may be o matter of say some co-ordinating, svstem

1n. wIong or somethin, fhe that Jathalyz t few iday s are turnifn,
e and imore to the nerous control of strueturl changes i Lsses
but they do not know very much About it T couldn t agree more with
ot on that pownt of vien but when Lresd as [ frequently da about
the speaific changes of old aze T wonder what they are

Lansin_ To tahe furthet exeeption to the powt that Trof Cameron
mahes mamy otgamsms thit dont have blood vessels ar organized
creulatory susteras ar cannectrie tissue bed 1o interfere wath erreuls
tion mamfest agetng as we hnow 1 in man mice and other organims
As Heibeunn (Outline of Ceneral Physwloyy second ed S wnders
Phila ) saud 1n lus Iittle chapter enageng  n the Jast analysis ageng is a
problem of breahdown of cell Age changes oceur 10 ndividunl cells
such as Paramecium and in roufers and other orgam ms whueh Ik
oureylatory or connective hsyue systems

Shoch 1 think we ave i adiemmaagnn Ageing v acinathy averb not
anoun  And when we re talling about sgeng we really have to talk
abottt sometiimg that 1s agang and ths thing vanes all the way from
indinidual cefts to total ammals Trying at the present state of hnow
ledge to formulate an overalt concept that will sax afl thus 1s apparentiy
bevond us  As I'see 1t we are faced with the idea that ageng begins at
the leved of tissnes and 1s most apparent at the level of deahng with the
homeostatic adjustment of the entire orgamsm  Although we can tatk
abeut the ageing of rotifers and umcellular orgamsms 10 the case of
Taan the wmiormatic n about ecliular changes still Lies ahead of us

€ wdry 1tk that thie position you take 15 a pood one 10 the sense

that areing resulks trom the wicssitudes of e ~that s & position jou
can t coptradict amvway  But

<an conctive and vou €3n too of the
vat situdes of the Iife of an epidermal celi—1 ean alsa tlunk. of thawe of &
cell lintrr a blood vessel or of & pancreatic or 8 rastric cell becaus they
all have to adjust themsely es 10 alterations in ther Rud environments
%o thay these viensitudes of hfe as « factor w ageing ate absolutely
mseparable from the life of alf celly
(berint Theve sre as many defimtions of ageng 8s opimions  To me
1 seems very wmportant to hnaw the aim of all these deBnitions As
phistcians it 1s wteresting for us to hnsw why old People are
weauficent  We showd try to comprehend the cause of the orgame
meufiesency 1 personally thuak that ag g 13 the mamfestation of o
_}c;m—.\smg adaplation cawed by loss of tste and functional Teserve
€ Uissue resers e 15 alway s responsible for any loss of functional reserve
“\!((Q]n:!\g 10 \\;’sﬂe Teserve we may distin nush two groups
rZans watl
te b ‘:& ggr:;; ‘;mue Teserve but without regeneration
* Otgns which are able to Tegenerate e epidernus
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be found m sbin osposed to bt Pramentation must phy acertun
purt m the agon,, process  Althou st is not o product of aetn,, ttaelf
1t brcomes much more mtcnsive e the aoem,, shin "Hhe procew of v
113, 15 nlso moanfested i a b hor diffirentiation of the epudornns ot
Lue tanahibinls are mumconcilly merered  Rut they are wnerersed in
other coneitions as well 1o the «hur of aumads poatod with nethn
cholmthrene and i prec incerons sta_es

Tunbridge Y s Tthank we alt agree thit nhere vou T traminsa
secanlary factor—whether the traum s physic it the result of duee
or whit vou witl~you will get changes  But where tissue iy not exposed
to trummn 1 there somethng mborn? I tlunk Prof Camcron con
sdered thit hie could not find evidence of it Lhere v g pattern of
secondary de,cneritien but i there 3 prunary change? 1tk fie even
sud that the process mamfists atself s the  ime way  be st young ot
old only the de,rec ctinges with chironato, il age

Cameran 1 think mast pathologists Rz 1m0, proplt (wo or
three chiferent changes mocefls for exomph the wioar ond toar prment
found  eardtic muscle and 1 iser celly and somtetisics faund w ather
argan cells stch as the spleen and hidney  Tlat » one i, Steondiy
Urer dhim to be able to recamize shnnhage or sombe atrophs T dor
Dbelieve they an but a lot of them say they (i Huedh o some
orgion for cxample the Iner they fuud these quecr eedis alled vellow
e H—Max Chira s studicd them in great detaad wlich are shnkan,
cells shomwm, o ctan,e s ther stamn,, rorctrons and ther o tophsm
and nuce w chanpes whuach pathofo, sty e b praamoss AN thest ehanss
can be axduced by vascubir disesse and thit » the whoele pamnt af my
tath T want to hnow how ¢ ar youdestin uesh these from arteriosdurotic
chanes! Yon ot cwactly the saime preture m youn, poophe with
artenoscleross for cxample or « wsous other disewes | frankh et
sty aud Ldont behieve thit amone can iy whether those ecdls arc
doe to a em, or are speafic Changes

Rubin Iy bias s tunctionad as T a brachionust bat whon techmagues
bocome dehiente eno b to prch up ifferonees of o i sl natuee
within the mdinadual b for mstinec the coneonteiony of cortam
cazyies sl so an whieh we e anly Lot at wdirecthy now an fund
tienal studies 3 thunk probably soud b ablc to find difforenens m
mdnidusd ool

tub Iluve awy been foumdt s

Hubm Sone that I hoow

Funbredge Bat pught vour chimes be the rovalt of o differcat
nutntional supply conditionest By thiat and got und ientat toage? T
thinh thit was Profl Cuueron s point

Medwvar Contd ke up that pant? Tral Camer g antams thnt
there 1 no pitholo s alotunge speatic to oldage becan ¢ alf the dlangs
he constders with o fon trvad oveeptions are alsy found e youny,
peaple  Surthy whit s specific Lo old a.e i the frequency of oeusrenee
of these yuwaus pathofopic s comditions?  he wed specitic eleracnt
cancert the fact that ita fruquency of indidence does rve bter in bife 1F
one translates that bk toa stitesnent about the wditad one can
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Tue equation of I uctter corresponds to the hiown sigmord survaval rate
man

m'k\\ue ae tno iletent ageing processes one shows a dechne from

Dbisthto death the other 15 characterized by an up and down of develop-

ment (youth maturity and senescence)

There 1s no stnct parallelsm between the ¢hanges of the different
organs of the orgamsm nor their parts Thus is true for physical and
mental faculties

Life shows different levels of wtality {tonus) which are charartenzed
by the ease with which an mdividund holds ats ground physicatlsy and
mentally The higher the level of vitality the better the organsn g
copabl “of withstanding injuries and even over stram

Not mere longevity s the am but the mamtamng ofa level of vitality
as hagh as possible even in the dechimng phase of Wife

erdr Twonder whether Dr Miescher would be willin, to change his
first sentence 5o that the last word 1s ot witality  but adiptab ity
1 could agree to the definition then

Miescher 1 thwk that the concept of vitality 1 the broider one
embracing adaptability  Besides witality has two a pects a physiead
and & psyehologeal one

Terar I thik adaptability 15 the elastiety of tissues or the com
pensatory hypertrophy of organs or might be the adsptabiity to
dillerent physieal changes atmosphenie and other conditions and exnen
0 new psy chologeal situations

Muescher In any case different fevels of vitality or adaptability have
0 be considered

Tunbndge But you are not wanting the man of 51Xty to be the man
of twenty o are accepting the fact that there maght be standards of
decline?” There 15 not very much difference between you Dr Mescher
x: hs:g:r;gﬂ:\le ‘:\;mz; 1‘00 ngﬂ cent vitality of the standard for the age

mk Prof \erzir w
Tonction panic Prot ould sccept a3 adapitability to the Jughest

Miescher In factst 1s simply o question of defimtion
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In the first group of organs decrense of adaptation begns when there
are ho more tissue reserves left  Phis occurs normally very late m
human hfe It 1s the main problem to be studied sn gerontolagy  Inthe
second group of organs decrease of ndaptation begins when the regenera
tion process slows down in old age  When both these aspects appear
together age begms to be visible

Now a fow words on artertosclerasis which 1s one of the ehief problems
of gerontology Ve hnow that arteriosclerosis may start in carly
cluldhood and increase during hfe I thinkh that aerteriosclerosis i
not n cause of ageing but it becomes intensified by the ageng proces
because 3t 1s n summation effect of very dilferent mwtiological fuctors
thercfore )t must be drscussed together with all the problems of a.cing
Tn arteriosclerosis 1t 1s possible that the tissue reserve dimnshes as a
consequence of anozinua  In arteriosclerosts we have to di tinguesh
Detween two tvpes according to the width of the vessel

1 Lhe wide ty pe occurnng often n vessels wiluel have an appe irnee
hikc tubes of cement bat causng no organic comphieations whatsocver

2 Ihe narrow type here the arterioselerotic chinges are very sl
Tocal patches 1n one part of a coronary artery causing local stenosts
1hie consequences may be very scrous In young people we gonerally
find the narrow type 1n old people usuilly the wide one  Therefore the
arteriosclerotie syndrome depends on these two different types which
ouglit to be distinguished

AMiescher W hen dascussing the ageing, process o hind of yitality factor
should be taken nto account--ngemg in its declining phase i
characterized by decreasing resistance capacity of the orgunism to
outer and 1nner mjuries tm connet tion with ats decliming level of vitahity
Ihe Invang orgamsm s an open system staying tn a dy namie or flawing
equibbrium of 1ssumilative and di simlnteve processes It is constantly
threatened by outer and nner injuries (I) and 15 protected by an fnner
reswstance capacity (R)  1hree posabihities can be distinguished There
s no ageing when
(@) T =R that menns immortahity

(&) I >R Iand R constants
In o whole population an exponential decline of survivals but no real
ngun, will oceur
A=Ae-kforkt =In A — Inx)
¢ = basis of nutural logarithms
t = time
x == number of survivals at time ¢
A = number of survivals at time O
1 = mte of destruction

Is agemng when
Phere s ageing (¢) I> Tt I constant R dechning {eg following an
exponential course)
X = Ac -kte t (cquation of Puctter 10.1)
ageing factor (rate of ngeing)
: : a’iﬁm‘fcuw factor (rate of destruction)
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*CFFLCTS OF AGLING ON RLSPIRATORY
FUNCTION IN MAN

DV Buws,un wrci,
A RY Camisin M, pse 1uc1
Dunn Laboratories St Hartholomec s Ho prtal Landon

I usv: bean ashed to discuss the cltects of agang on
respiratory function  What I propose to do s to desenbe
briefly some of the tests which are now unsed o assess 1y
piratory function and to contrist the performance of young
mdividualks with the performancee of those who have reached
nuddle age I also propose to bring the discase emphysemt
mto the picture beewuse as far ay respiritory Tunetion s
concerned emphy sem 11s a gross exggeration of what happens
to the lungs with advanang years

Lig 1 shows the age distrbution of the varous ploups
myestigatcd  Lhe sole reason for choosng thirty five vears
as the dividing ine between young and old was that the
primary  purpose of this mvestigation was to studv the
changes which oceur i cmphysema n dise ise which s rarely
found before the age of thiety fine

\}@Thc vital caphraty 1 clearly reduced with azc o fwt which
has boen known for at foast bl oo centurs In L 2 the
young normals  have u maan vital capraty ol + 8 htres
while n the old normls  the mams 35 htees o dillerence
which s statistieally aigmficant  1is change s not due to any
deercase 1 the distensibility of the lung atself at s almost
certainly due_to fixation of the thoracc cage artang from a
vamety of anntomieal changes such as deercasad ddastiaty
and mmmobilits of the costal cartihiges  In cmplissomu the
vatal capriaty 1s still further reduced
2)The yolume of the lung inerenses with age (I, 3) In the
younger 3roup this averages 2 9 htres winle m the muddle
ol re ented Iy 1rof BV (lin tie
o4
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respiratory muscles huve to do 1 order to distend the lwags
It 1» aln possible to mdicate Yion much of this work s ex
pended on the elastie sesitance of the Jings and How wmnch
on the viscous or mon elastic resistance {Meliron Masshall
and Chrstie 1904)

In Fig 4 1s shown 4 summary of our esuits  In exght

heatthy mdividuals below the o.e of thurty five hetween 70

YOG oLD EMPHYSEMA
NORMAL. NOSMAL

16 ¢ The propartion of respiratory work, expended seainst the
elastic st tanee of the lung

and 80 per cent of the work of breathing wis expen
a:‘g‘:mst elastie resistance  In seven healthy :ndmdna};s 0(1:'
N .;iii vflfxftg only between 50 and 60 per cent was expended
B me) astic resistance and m emphysema the percentage
o tha“)" It 1s farr to conelude that with advaneing
s e elastie resistance or elastic recorl of the lungs ;s
e Suned (Meliroy snd Chestie 1803) ¥
Toh Zm:;,h ﬁ;r the mechamcal aspects of lung function
ot let u:]\ctmn of the lung 1v to ventiate the blood
N tw:c : o this with mreumal efficeney 1t must have at
o aractenisties  Fintly the Jung should be vent
enly throughout tn other words each alveolus shoul‘d
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aged 1t werages 3 5 htres and n cmphysema the averige
rises to 4 7 hitres  One reison for this terease, and possibly
the sole reason 1s that the glaste recotl of the lung dimmmshes
with age  During hic the lungs remam distended beeanse the
chstie recoil 1s counterbalanced by traction of the chest wall
and draphragm, and evpansion of the lung ean be brou it

40, e 29
Youns 30 s 07
HORMAL %W 3
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12 34 78 '™
40 w 33
1w 02
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203 09
0¥ 87
empnysEMa  g]20 -
10 #
< 3 L

Fi 3 The di tesbution of the I unctional Residusl Capaaty (i€
the volume of air i the lungs at the end of an ordiary quict
exproution)

about erther by mereased traction such as occurs on et
tion, or by diminution 1n castic recoll  [hat the elastieits
of the lung does 1n fact diunish with age can be «hown by
direct measurcment and 1 will Just sav & word about the
techurque we have used  On ainsparation the mtrapleursl or
mtrathoracce pressure becomes more negative and this fall
w pressure 1y ¢ direct measure of the force exerted on the
Jungs by the muscles of inspiration  The tidal aur 1 a measure
of the volume change which oceurs  If these two the mtm
pleural pressure and the tidal air are measured simulton
cously 1t 1s quite casy to calculate the amount of worh the
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respiratory muscles hve to do m order to distend the lungs
1t 15 also possible to mdicate how much of this work 15 €x
ypended on the elastic resistance of the lungs and how much
on the viscous o non elastic Tesistance (Mellroy Marshall
and Christie 1954)

In Fig 415 shown a summary of our results  In aght

healthy mdwduds below the age of thirty fite hetween 70

30

w0
9 of

10TAL

70
60
WORK
50
EXPENDED
a0
AGAINST
ELASTIC
2

RESTSTANCE
10

o

YOUNG oLy EMPHYSEMA
NORMAL NORMAL

Fic 4 The proportion of respirato
sy, work expende | aganst th
Fiarhie reciance of the g ¢ et ERe

and 80 per cent of the work of breathung was expended

u;galnst elastic resistance In seven healthy individuals over

the age of fifty only between 50 and 60 per cent was expended

n::a:\st elastic Tesistance and in emphysema the percentage

o \xs“;hl:‘:;snchy cl; ;ﬁa“ to conclude that with advancing

ANCH
reduced (Melirov and c1m:n? 1§:it)‘c recorl of the tungs 1>
'Srt:‘:nuclh f{c:r the mechanical aspects of lung function

s ‘iol S::t u:l\chon of the lung 1s to ventilate the blood

Tt e ‘? o this with maximal efficiency 1t must have at

T o e ar‘::ctmsncs Furstly the lung should be vent
enly throughout m other words each aly eolus should
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get pstats far share of Cach broath thiat i Bk Sceondh,
the anr an ek alveolus should be fallv cxposed b the lan
capitlaries 1n other words the theolar nr should come mto
proper contact with the pnlmonars blood  Both of thoe
functions can be mevured and I will first v 2 word about
the eficieney of ventilation which surpesmaiy cnowh e
be measured quite casilv and accur ateh

HEALTH EVMPHYSEMA
bt e e e
= 1
3
= = ! = et
T = —
== B
== = =
= — |t — :i:
< = =
MINUTES = == o
K . . L
MNUTES
s 5 The elliclones «f gow i, an th lung mea ured 1y 41

helmm dilution methed  Inon liedthy venng o fnoadual tondeft)

equilibriam between spirem ter anl et hin, 1 reached after

HEhreaths i patient athemgin en v ne Wtgeguhitnom e
enly mach daft et alrath

It an mert and relativey ansoluble pas such as homm s
breathed t wall nun with the other fases m the rlveols but
practieally none will be albsorbicd (Bates and Christie 19)0)

Inly 31~ shown the reeord of a voun, nermal indivaduil
who starts to breathe from o sprrometer confamm, 13 per
ecent hedium The helnne percentae wineh as mensurel
clectrieddly by a kathcrometer folls and after two mnutes
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or 30 hreaths equilibnum ts et blished between h\‘m,, ‘m\‘\l
<prrometer with a belium pereenta e of 9 12 1 the \(u;
had been perfeetly efliaent from the pomt n\; iew o N

ventilation en meer—1e f afl the alveoh had been le;\\]n y
ventilated—-t can be caleulted that equiltbrium should m:c
Tieen feached 1n 23 ot 24 breaths whereas fact 30 breaths
were roqured nd st 1 frue that most normal mdnduals
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FIC € “The effciency of gav farane in t] ¢ hune_expressed as a
percenta e of pe feet eff cency 1+ shown on the abeer 33

aperate at 70 ar 80 per cont efficieney as far 1s ventilation 15
concerned

The record of 1 patient with cmphyscma 15 also shown 1
T, o and here the story is a very different one M, was
only complete after ten minutes or 120 breaths

In ki, b1sshown a summary of our results oung normals
oTeIte 1t an average of 7o per cent efficicney while thie figure
fur the older group s onky of per cent 4 difference \\]:\cri; 15
stattically agmificant  This ewn only mean that with aQ
saneing vears sentitation of the lungs, becomes more uney en
wnd this 15 presumably a sequel of lass of elistieity
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Twth 3y there amy change m the ality of the mapnd
wir to mike proper contiet with the pulmonary blood® It
might scem that the olnious wnv to settle this pont wonld
be to analvsce the artenl blood and find out just what hw
happened to the blood as 1t passed through the lunes To do
thns with any aecuriey 1t 15 not enough to measure the Oy
siturition of the arteriil blood both the alveolir and arternl
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Fic ~ The pereentage of CO removed from the inspired air when
breathing, @ 1 per cent €O in aie {s shown on the alnei 2

0, tensions have to be measured  the techmque of which 18
dificult and Inborious  More stragghtfornard 14 the use of
carbon monosvide As you all Anow  hamoglobin has a grost
aMmty for earbon monoxide In fact if a healthy indivadusl
breathes a low concentration of CO most of the gas which
reaches the alvcol will be tahen up by the blood (Bates 102}
1he exprred mir will therefore contam vy much less CO than
wasinspired If howaver some of the inspircd mir wer wasted
w1 ventilating avascular areas a very diffcrent result maght be
cvpeeted  In these bloodiess arens the €O would not be ab
worbed and therefore the concentration of (O n the expired
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ar would be wereased  This 18 exactly what happens with
-4 g T
mcl‘re\a?:;nzg:\gni\s )'t\n: avera, ¢ (O uptake 15 57 per cent
while m the older e group it 1s down to 48 per cent and lm
emphysema 1t fails to 81 per cent WWith adsanang years the
contaet between alveolar aw and pulmonaTy blood o
diffusing capacity as 1t 1s sometimes called becomes wopated
" o conclusion as age wereases the chest w all becomes Jess

‘mobile and the elastic recont of the lung 1s reduced In conse
guence the volume of the lung mercases and the efficiency
with which gases are muxed in the alveoli 1 reduced  The
caponity of the lung to ventilate the pulmonary blood 15 also
shightly impaired  All of these changes oceur 1 3 greatly
exaggerated form 1n pulmonary emphysema
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DISCUSSION
Franihin 1 wondet 1f Erof Christi will tell us what he thinks 1s the
real of ageing with emph
Christie ¥ th

ik it has some relationshup to what Medawar smd yester

das \ou remember he said that senescence 3s due 1o & combination of
tnborn d or change 1 and due to
reprated anjury or stress and stram I thiok tins concept certainly
opplics very well to the Jung The lung as you hnow 18 a Iaghly elastic
organ and there are two patholefeat conditsons which can subject the
tung ta mcreased stress and stram  Ore 1s chromie cough or chrome
bronchibis and the other 1s asthma  Provided the asthma stops before
Ahe age of thurty fise you wdl not develop eraphysema and sumlarly
with chronie bronchitis But 1f they persist or 1f they develop after the
ane of turty five you are Bhely 10 get emphysema  In other words

from the pomnt of view of that stressand stramn the fung seems to become
morte Vulnerabl  around the ages of thicly five to forty five  ‘The
connection with ordinary senescence 13 this that even wathout chroase
ronchitiy or asthma the lung 3s perhaps unique among structures in
that it i constantly subject 1o stress and steawe with each bréath, Tbis

e
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this which 1s responsible for the changes with advancing vears which
are 1n the same direction as empliysema  Oceasionally emphy ema will
develop in old age without chronie bronchitss or asthma in fact I think
onc of Dr Vaschier 5 eases the woman of one hundred and two did have
emphysema, and Prof Cymeron sud that quite a fow of s old people
had emphysema  We have calculated fromy our results that if a healthy
mdividual were to Iine on indefimtely and the changes i fus lungs
progressed ot the rate we have observed lie would develop emphysems
at the age of one hundred and forty

Shock  In collaboration with Dr ¥Milton I andowne and Mr Arthur
Norris our laboratory lias been collecting obscryations on age changes
1n pulmonary function We have also used a helim wash out technique
for estunation of the various lung compartments (Norns 1 andowneanl
Shoch 1902 T'ed Proc 11 114) ‘lhe study s still n progress but [
have tabulated the results of our determinations made on ten subjects
per decade from age twenty to age minety Ihe values are tentative but
1 believe the trends observed with age can alrendy be seen in this group
of 70 subjects  All of the subjects tested were ambulitory and gie ro
clinical evidence of respiratory ampmirments ke greatcst age change
was found in estimates of maxunum voluntary sentilitors capacity
The avernge \alue was about 1251 fmin for our twenty to thirty year
olds and 50 1 /oun for our eighty  to minety venr olds  ‘The mivmum
nspiratory capacity fell from about 3 81 at age twenty to thrty to
2 01 at age eighty to mnety  The inspirntory reserve volume atso fell
from about 3 51 o1 81 over the same age range  I'he age decrement
n expitatory reserve volume was not nearly s great—1 11 ot oge
twenty to thirty to ¢ 51 at age eighty to mncty  All three of the above
functions showed a curvilinenr relationstup with age i contrast to the
Tinear fall in maximum voluntary ventilatory volume  1he mean values
for functional residual capicsty and residunl volume were still somewhiat
weepulie but there was ltle Ovidence of any xystematic ehange with
age in functionnl residunl capacsty wherens the residual volume showed
some tendency to nse with age Hinally we found o gradual reduction
in tatad lung volume (6 -1 atage twenty to 5 01 at age cighty) After
the age of sinty there was httlhe chinge m total lung, eaprsty  In
contrast the vital capacity continued to decrease up to the nye of cihts
1 think that m general the results we obtained are 1n agreement with the
cases Dy Chirstic has reported

We linve not done earbon snonoxide mensurements and I d hike to ash
Dr Christic how one can separate the effects of the exchange of earbon
monoxide from any changes that might occur in eandine output withage

Christie All this work las been done In conjunetion with Camroe in
Phladelphin and Roughton in Cambridge [ think it s true that the
spetdd of blood flow through the lung witl make practieally no difference
to this mensurement  VWhat does affect it ix the actun! arcn of bt od
exposed to the alveolar mir - So we wre measuring the actuaf contact of
the air with the pulmonary blood  Our work on paticnts with mitrsl
stenosts shows that they do not get the aame reduction of €O uptake
althouph the earding output iy deereased
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o me a delightfully simple exposition of n
‘,‘;{tﬁf’gj\f;‘;‘;\‘,‘f s\m h Naw that E\ ervone 11 sa depressed about
people gettng ofd and the difliculty of finding Jobs for them I
rather pleased to see thnt they dont take up carbon manoxide so m‘ud:\
as T do perhaps—I suggest some of e old men are orpamzed nto
teams for rescumng people from gus filled zooms Iy old

Terzar A very smmlar old age llness scems to occur in rm\ Iy o

rats dhe of emphy sematous bronefutis and soTiras 1hnow Dr Melay <
rats whuch have been studied by Dr Saxton also died of emphy sema or
Bronchtectasis so there mught be & possibility of studying the problem
expenimentally n rats

T also want 1o ask how far the decreasc of lung volume which you
Jound 1 old cases 1s a functional onet Hate you tned changes by
adrenaline or ephednine sprays in these cases® That mght show that s

Ppart of 1t 18 Tunchional sud 38 caused by 8 decresse of sheletal muscle
tone and not by elastierty

€hnstie Tm very gratefu) Tor the sngreshion about Tats as cunously

enough this has never crept into the literature on emphy sema I was
tinder the ympression that horses were the ammals that got emphy sema
and it & verv difficult to establish a colony of horses

With regard to the second pownt 1t is true of course that 1t 1y diffieult
to separate the viscous resistance due to resistance to arr flow from
tissue viscous resistance  The straightforward methad of doing it 1 to
make these teasurements while breathung gases of dufferent density
that 1s renily the only approach. Iwould say that antispasmodics have
06 effect on ofder mdividnals  They do on some of the emphysem
patients but not alf of them In emphysema it 1s a ymixture usualhy of
Yrenchospast and emphyvsema  So my reply would be that a)) the evs
d;nce stiggests that this is a tissue change rather than airway resistanee
change

Tunbrid,e 1ou mdicsted that there may be a change rather more
marked at anather age period than thirty hve  Ts 1t a steady dumnn
ton or 15 there tndeed 4 bit of a kink?

Chrustee We have analysed 1t in that way of course but the numbers
e not sufficient to demonstrate a trend w any Wwdivdual age group
after the age of thirty fise They can only be treoted #s a whole If we
had four or five tunes the Tarabet Ahen we THEhL be shie §o tread them
1 the nay vou suggest but at the moment we can only deal with them

s
B one sinle group There does seem 40 be a general trend upwards weth
'Kts :n{\‘:hnx{ 13 &n umpression 0ot a statistical fact.
thule Hecently some Swiss physiolomsts have
Pt o s by o wndow s Bt Tre e eFoto,
ung s essel
aring on the Emd ols ml:ob l);::’ l;‘now whether there 1s an miluence of

ow through th
memsared by any method tn man too? h the lungs sshich can be
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problem st really 1s 2 eardiosascalir one rather than a re mraton one
although of conrse the two are vers (1o ¢ to e wh other when vou come
to the pulmonary Gipiilarses T don t think such work his been appled
to ey

Franklm Could vou dlibor stc on the mian, of mrm the ungs® Ta k
beciuse in some (antsthetized) ammls there s nvers uncven di tnbu
tion of air an the lun,s  In the riblat for m tance vou gt nven
patchy distnbution and m the eat to a lesser extent T the human
subjyect at 15 even according, to your exidonee 1 0t

Chnistie Unfortunatcdy vou have mentioned two ammal T Anow
nothing about In do.s it 15 even In humin bems at 1 80 per cent
eflicient very evenindecd  Any ventihition enginecr would be extremedy
ple e af he could duplic ite what we do with our lungs withevers brath

Brull 1. there n sex difference in the strun and stress on the lun?

Christie T think the sex distribution was indicated on the shedes
Most of the indivaduls we studied were men 1t 1 n vers curious thing
and there 15 no clue as to why it should be thit emphysan accun
almost solely inmen A woman can have chronie branchutis or asthmt
and set she seems to be much more immune to this stress and strun
effect than man  But our figures are manly on men and therefare 1
cmt rexly v am thing about the sex distribution

Eranttin Lrof Verrdr some veirs ago sou showed the effects of
Diwered onvgen partnl pre sure which produced a chnge very  mubie
to one of n, ang numely a graater rosting degree of expinnion of the
fungs  Could you correlite that with whit we hve he ird tis mornme?

¥erzdr We believe thit thord is a third form of respiration regulton
besudes the depth and the rhythm of tnvpiration and that 15 the increne
of respitatory surfice by an incrense of lung volume  Onc ob (it n
mmmedintely tf one starts physteal work oraf the oxy gon prossuro it the
mspired aur s decrensed  One cin demon trate st by body plethy mo
rraphy Ihe meaamn,, of the reaction v an tnerease of rospiratory
surfice by better ventilhition s reaction my, bt decrense with old age
by a decrerse of mu cle tone and perhaps by a decrease of ehistiaty of
the Tung,

Chrishie Well there are many eomplx rcets to thes but [ think the
fund inental point 1s how much atr vou can brang, it contuct wath the
pulmoniry blood  1his s a thing which hould be mve tyrsted i
tonge unfortunately 1t will mean quite n1 £ of work  Hut sUas teue thit
with catbon monoxxde vou ¢an measire npprosmmately the masimm
amount of blond which vou can bring, tts contact with the alveolir ale
Normal individils can double thr andat soms hikely that athletevean
treble or quadruple it This dlenely s thn, that should be dnse 1y, ated
with ndvancing vears at moalls iy the crux of the prebt m

Tunbradge 1s there any vidence from the work that 1 u.h dud on the
I vere t expedition that the Sherp sy have a sinular ability

Christie T dont hnow



CHANGES WITH AGE IN DIFFUSION
COEFFICII NTS OF SOLUTES FOR HUMAN TISSUE
MEMBRANES

JE hmn wp kace avpT J § Laurses MD
D viston of Gerontalo.y Washin ton Univernty St Lours Mo

Tie determnation of diffusion coefficients of solutes for
preparations of tissue membranes constitutes a valuable
method of measuring the permeability of the tissue In the
field of gerontolgy this techmque may be applied to the
insestigation of the effect of age on the permeabiity In the
present communication the results of diffusion coeflicient

measurcments on samples of the human aorta and human
tentorium cerebells are reported

Experimental

Samples of the thoracic acrta and tentorium eerebelll were
obtamed at the St Lows Gty Morgue Stenle instruments
were emploved for the removal of the tissues  The adven
itta was stripped off the aorta after which the sntima (with
attached sutantimal tissue) was separated from the mediy
A\ prepiration af each ayer was then inserted 1 a stenle
didfusion apparatus  The tentorum cerebell was emploved
directhy for diffusion studics

The diffusion cveflicient measurements were carried out
under sterik conditions by the proccdure of kurk and Johnsen
1931)  This method permits determination of iffusion
cocflieients of both paseous and non aseous solutes wnder o
Constant total pressure

The detuls of the assembled diffusion appartus are shown
mh, 1 Thie apparatus consists of two 50 ml tloss sy, es
the bottoms of the brrels have been remosed amd the \)a:re\

]
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Act AnD MEMBRANE DIFFUSION (OFFFICIFNTS ke

tops ground plane  The membrane 1s mterposed between the
ends of the syringes and 1s held in place by two metal din
phragms and tno hard rubber nings A needle 1s smserted
through each rubber ring the outer ends of the needles are
closed by nsertion of a one way metal stopeoch

The gas or non ,aseous compound to be wvestigated 1s
dissolved 1n buffer medium heated to 37 € and the solution
mtroduced mto one of the compartments of the apparatus
The other compartment contains plam buffer medwm - After
both compartments have been filled with solution the diffu
sion apparatus 1s placed homizantally 1n a thermostat at s C
and rotation of the apparatus started The rotation 1 pro

vided by an clectne motor Twenty to thurty minutes are
allowed to elapse for establish of \

perature eq
and for 1tial penetration of the pas or compound through
the membrane before withdranal of samples for analvsis

The technique provides for the withdrawal of samples from
the diffusion apparstus at any time dumng an expenment
In studies on gas diffusion samples of the solution are trans
ferred without contact with the air to the extraction chamber
of & Van Styhe apparatus for gas analyss  ¥f conditions of
analyss permut samples should be withdrawn m immediate
successian from the two compartments of the diffusion
apparatus at the beginning and end of a diffusion penod
Thns will be possible 1n the case of diffusion studies on non
gweaus solates and n mveshgations on gas dufusion
provided two Van Slyhe apparatuses are avalable

The duffusion coeffictent 15 defined as the units of the sub

sance ddfusing through 1 em ? of the membrane n one
Minute at & concentration gradient of 1 unit per mi perem
(nlt 19820y For expeniments m which samples for
enalyys are nithdrasn in immediate suceession from the
wo compartments at the beginning and end of a diffusion

penod the coeflioent may be ealenlated from the equation

ALY,
(es—cy=(e, e )
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iffusion coefhicient,
¢,=concentration of solute on donor side at begannmng
of period
¢ ==concentration of solute on recipient side at
begmning of period
ey=concentration of solute on donor side at end of
period
cq=concentration of solute on recipient side at end of
period
A=area of membrane nem ,
L=thichness of membrane m em
V,and Vy=volumes of solution i the two compirtments
cexpressed in ml and
!=time 1n minutes

Results

Aortic tissue

Determmations have been made of the daffuston cocfh
cients of nmitrogen oy gen carbon diovide lactate 1odide and
glucose 1n cxperiments on 51 samples of intima preparitions
and 50 symples of media preparations The age of the ndivi
duals from whom the samples were obtamad ringed betwean
ten and eighty veirs

The mean diffusion coeflicicnts obscrved for these propirt
tions are shown mn Table I The table further contams tht
caleulated valucs for the products  difuson cocfhcient
X /MW X105 It will be scen from the table that a fwr
agrcement was found between the product values for nitro
gen onvgen and ¢ wrbon dionide and that the product v lues
for these Lascs were over two tunes greater than the product
aalucs for hictate and glucose  These indin, s moght indicate
the presence mn the aortic membrane of a sct of smallcr pores
(permitting the prssage of compounds of MW 2% to 1) and a
st of larger pores (permutting the passage nbo of compounds
of MW up to 160}
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where,

iffusion cocflictent,
¢,=concentration of solutc on donor side at beginning
of period
¢ =concentration of soltte on reeypuent ade at
begmning of period,
cy=concentration of solute on donor side at end of
period
e;=concentration of solute on recipient side at end of
period
A=are1 of membrane in em
I =thichness of mambrane 1n cm,
V,and Vy=1volumes of solution in the two compartments
expressed in ml - and
t=time 1n mmutces

Results

Aortlc tissue

Determinations have been made of the diffusion coclh
cients of mitrogen osvgen carbon dionde Iactate 1odide and
glucose m experiments on 51 samples of nttma prepirations
and 50 samples of medin prepimtions  Lhe age of the mdi
duals from whom the samples were obtamed ranged betwean
ten and aghty veans

‘1he mean diffusion cocflicients observad for these prepirs
tions are shown m Table T Ihe table further contams the
cilculated values for the products  diffusion cocdlici nt
X A/MWX10* It will be <cen from the table that a fur
agreement was found botween the product values for witeo
gen axvgen and carbon dioxrde and that the product s Jues
for these Lases were over two times proiter than the product
values for ictate and glucose  1hose bndmges nught mdiate
the presence m the aortie mombranc of o sct of smaller pores
{permitting, the pussyc of compounds of MW 24 to 48) and o
set of hirger pores (pernnttm,, the pissi,c also nl‘mm;mumlu
of MV} up to 160)
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Ihe average diffusion cocfhicsent values observed for the
age groups ten ta thurty mne, forty to fifty mne, and snb
to eighty yeurs are shown m Table I It will be seen from
the tablc that a defimte tendency was found for the diffuson
caeflictients to werease with the nge of the mdiduals  The
sigruficance of thus tendency 1s also evident from the enleubited
coeflicients of correlation betwen age and the diffuvion
cocflicients (Table 1)

Table 11¥
tio! 1 Wl M o

Prevarations of the fmgn ports

Inting Yodia

T t T ¢
ke» / nitropan +028 20 +035 28
ags / Gxygen +014 127 ¥ ] 208
Age / Carbon dloxide +02 288 +Q ¥ 287
Ago [ lactate +046 p R4 +04 2
Aeo / Todids 4038 20 +0% 29
Ags / Glucooe +058 L9 404 33

In conncction with the data reported i nble 1Tt vhoull
be noted that the total lipid and cholesterol contents of the
aortie membrancs were hhewsse found to meraasw with
advancing age  The coeflicient of correlntion age ftatal tipd
was +0 18 for the mbma samples and 0 12 for the media
aumiples  The carresponding v values for the corsclation
ngefcholesterol were +-0 10 and 40 31

Tentorinm cerebelil
ilfuston studies with thus conneetine tisue membr e of

u»mpumhul\ smple structure wor earpcd ot on 338 anples
domved from andssadunls moging m oz botseon o and
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seventy eight years  Only the diffusion wefficients of carbon
g

dlowide and plucose wese estirnated

(’)l'i:e mean%h(rusmﬂ coefficient alues for the age group Dl;\c
to thirty rane forty to fifty nune and sixty to seventy-eight
\ears are shawn m Table IV In contrast to the findings 1n
the expenments on the aortic samplks the data fail to show
any consistent chiange m permeability of the cerebellar
tentorium with age

Table IV
b3 3 2
n ) )

ey Lo Tunber of CaTbon dloxide  Clucose
{ Years nampley

1-9 g o6 2y
20 -5 7 A2 ns
& 0 %9 28

Summary

Diffusin expenments were carried aut wath wtrogen,
otygen carbon diovide lactate iodide and glucose on prepar
stions of the ntima and the media of the human thoracie
sorta using the diffusion procedure of Kuk and Johnsen
(1921} The diffusion coefficient values showed a defimte
tendency to increase with the age of the mdividaals mdicating
PR InCrease 1n ssue permeability with age

In contsast to the findings 1n the experiments on aortic
tissue dilfusion studies on preparations of the human ten
tonum cerebelht fatled to sh

how any uerease in permeahxhty
of that tissue with age

The investhoation was SUPpOTied by a restarch grant. (VHS-89)) f1
e National Sleart Insuitate & i
Tuble oy oot nstitate ¢ the National Instytutey of Health,
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DISCUSSION

McCance To what extent do vou consider the e ti sues are aline” [
could not see any part of that appiratus designed to keep tho e eells
aerated and we all know now from the work which is gon, on at a
cellular level that of vou do not heep even o single cell onyvgunated its
metabolism 15 completely disorzumzed it swells up channs its «re
change ats osmotie pressure and it can searcdy be regnded asacellat
all until you put 1t hack into oxy gen and allow it to recover Thit seems
to me to be a major enticism of thus work f 3t 35 vahd

Hhirl Idid not gonto all the details of the experiments beenuse of the
himutation of time  In the diffusion studies which I reported nt ka t
one of the two comp irtments of the apparatus contmned onvgen Ithis
been demonstrated m o previous study (7 (erontol 9 10 1014) that
human nortie tissue after removal from the body will continue to show
respiention for pertods of up to several weehs when Rept under stertle
conditions  The Qo, valucs of such te sue prep seations can b mensured
by means of o techmque wlich we developed recently (7 biol Chent
199 675 18,2 208 17 10,3  1his techinique s consilerably mor
sensitne than the ordinaey Warbury, procedure sinee it permits deter
nunation of Qo, \alucs 2% low ax 0 01 W have shown that under onh
nary arcumstances the sorta cin be supphied in a thickness of 1 . mm
with onygren Dy diffuston feavang, a resers e margn of about 30 per cent

VUeCance It sextremely imteresting how Jittle oxy gen tension ix needal
to proside w1y the odi of the ity with the amonnt of oxvgen it
requines bec i ¢ physiologiolly ot s bathed us a rule in o medium
contumng so much  Am 1 nght an thinking, that sou separate the
mut cular 1 sue feom the intima before incubating, the hitter

Aerk No o In the media se e sote smooth et de cells but the
values [ gave for the Qo refer to the aottie wall - And therr is not much
differenee i the Qo, of the human mtima and medin - Lhe masamum
vafue 1s about 030

Franklin Hlave vout done any experiment on anmal ¥ Beenw e T
think it might an wer Dr McCanee s question if you took some f these
preces and wsesd them 1o repnir blood sessels in other anpnals

Rk Wl Thwve earned out determin tions of the rate of respusation
and gheolvsix of the dog, norta (7 Cerontol 9 10 10 3)  The atulies
showed that the Qo of the dog, norta ivapprosimately twiee that of the
T aorta about 0 o 0 70 is the masimum Qu, Pumd indogn Our
obsersnhions on the re pmtion of nortie U e stored at nefngerter
n hotween te 18 are in e sential agreement with the data In

temperita
9 453 1009) whe showed that

ieree amd s n sootes ((tnn Surg 12
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n many instances to obtun growth of fibroblasts m
;:\:x‘;scm::ef:om segnents of aortas stored for pertods of thurty to
fifty days at 4 €1n a salt solutton scrum Taedigm

Franffn S ou haven t used 8 pn‘:ce‘ol; the :ld‘\c csoel for reparr

e done no transplantation studies

l\\llr%m‘l\t‘: { ".‘):‘nk there 1S murepm it than whether the tissue 15 alne
suficiently to use for repair purposes 1 for wnstance you take a
piece of Kidney and cut thin slices of 1t and vmmerse 1t 1 the solution
contanng o oxygen the cclls swell_but they can be restored to nor
mobity by replacmg them in oxygen The cells can atso be made ty swell
and become very abpormal by putting them for a tune in cyamde
stigtion o some other powson et they may ecover after they hue
been removed from the cyarude and placed 1n a good ovgenated saline
1 19 0t So much a question of what the norta will do Iater 283ty evaet
condition at the moment at which Dr barh s studyingat And T weuld
feel that the value of tius work would be enormously enhanced if he
cauld establish that hrs tissue was when he was studymg 1t absolutely
nopual or as normal as 1t can be when it 15 0ld

Al Of course 1t 1s very dufficult to estabhsh that a twsue 1s
absofutely normal Ve have measured the thickness of the aortic mem
branes tefore and after the experiments and the varations we have
fund kave only been of the magnitude of + 5percent Webelieve that
are teasan for our ability t0 heep the membrane of the same thihness
fer some perjod of time has been the use of the buffer medium mdicated
by Acbi(ifel phymol acts 10 184 100 “Thus buffer has a rather b, h
potassium and ealcum concentration  Aebi s studies have shown that
with 3 buffer of such composion no appreashle swelling of the tisue
accurs burthermore the luss of nitrogenous matenal from the tssue 13
serv umall Qur ohservansus on aortie 1 sue {J Gerontl % 10 19 4)
fave confirmed Aetn s findings

Jub Your CO_diffusion 1s fower than the oxy gen and mtrogen 1snt
L0, much more Miffusible?

Airk Thss has been diseussed 1n the hterature for a long time s far
a¢Teansce the conflicting; stotements with regard to the diffusion rate
af eartsn dixide gas i solution compred with that of axvgen are due

delimtions of the diffuvion have been
One of these defimtions 15 based on the dil

(;t;:;re of the pas on the tho sides of the mmmm'fiszéﬁ 1;\»};::(1-%\
RN of g e sOhme o B 8o e e 1 the
L
AR e et
Dots i e 19 40 Fact Dhat ie abs 31 tion coefficient of earbon

where;
0922 Tor the same partial as that of oxygen 18 only

B the fat that twa duttevent
employed

the carbon diovid,
content of the water woll therefore be 23 6 tumes preg tent
2 t
sfoxygen Since the dtusion of gases 1 vmtes N averaa e content
ta the square root of they

T 15 Inversely proportional

't moleenlar wrights the diffusion rate of carbon
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diovude will be 23 8 < /92/4/4% or 20 3 tuncs grester than that of
oxyvgen (at the sime partil prossure differenee)

In the field of chenistry however especiilly when derling with
diffusion hineties Thi s defimtion of the diffusion cocfliornt 18 genenath
emploved and s mentioned in the prosentation of vy data—it was
this coeflierent which was used in the present studs  \ecording to Hills
defimtion of the diffusion coeflicient the ratio Duffusion cocfticeent fer
cathon  dionude/Diffusion coeflicent for oxigen wil be equil to
4/ 32/ 41 or0 8,3 Inthe experiments on the -1 human aortie intima
samples presented today the average diffusion coeftleients observed for
carhon dioxide and oy gen were 0 000404 and 0 000602 re pectively
This myves a ratio between the coeflicients of 0 805 a snlie which iv in
farr agreement with the ratio of 0 803 obtained for the diffusion of the
gases o water

Lansing Twonderif one can properly compare the intima of the voung
with the intima of the old since there are so many an itomicat differences
In stupping the intima and the nssocted sub intimal matenl of the
young by blunt dissection one winds up with the endothelium and a
very thick elastien tnterna In this stapping the e wstica interna pocs
with the endothehum  The elstiea interny has penidic fonestrations
which are quite gross and rather widely separited so that between the
fenestrations there are vers definite barners to diffusion  Now if one
exanunes the separated intuna of the okl it s a verv different ston
One finds the endothelium & very rich bed of fihrobhwts colligenous
fibres ground substances and so on wlich may mensure ns much as &
millimetre or two depending upon the pathelogical state of the tissue
and then far beneath all this matenial one finds the fragmented and
distupted clastica interna which i3 so badly dunaged that often it docs
not go along with the sub endothehal material jn strppng, - Thus in the
yvoung there may be o mechanienl bareer to diffudon in the clutien
interna which is laching, in the old - This alone m oy contribute to your
datn The implication would be that the sub «ndothelinl material be
tween the elnstica interna and endothelium is not a barrer to ilfus o

Medacar Dr hith if the membranes you are worhing with are
dehiberntely hilled by non precipitants or narcotized do vou still get
the age differences®  And vou mentioned using, oxsgen uptahe as o
cnterion of the viability of the eclls  are there age differences in the
osvgen uptakes of these vanous memhrines?

Rark I have not made any studies on the effect of enzyme Inhibltors
or varfous potsons on the membmne permeibility  And a« far a¢ the
axygen consumption s concerned our data (J Cerontol 9 10 19 §)
fwled to show any change with age in the oxs gen consumy tion of the
nortic tissue mumbranes

Hean Do vou believe that the inerease in el lesterol iv o enuse an
effect oran independent parallelof the chinnge in permeabilits viu foun i
In relition to artenosclernis®

Airk T have no real opinion on that point  We merrly enrried out
determinations of the total lipid and chalesteral « ntent of the ac rtic
memhrnes to have it quantitative index of the pathol yenl changes in

e
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the tissue but 1 have no opimon on the dueet relition betaeen the
cholesterol eontent and the diffu 1on eneflicients

Hean Was there an indmdual correfation s well as an average
currelation?

Fark Ve have only cammed out experiments on o0 membranes and
the nuniber of samples for each five veargroupt too smatlinmy opimon
to make a computation

Franklin What 15 the total amount of flwd diffusing through the wall
of the aorta as compared with that in the capillines®

Aark Tdon thnow The data that I reported refer onfy to the diffusion
of solutes throu,b the membrane  One of the valuable features of the
procedure 12 that the free moving syminge plungers i the diffusion
apparatus ensure & constant total pressure on both sides of the mem
brane 8o there should be no mechanieal mos ement of fluid from one side
nthe other Ve usually me 1sure the 1 olumes of Ruid 1n both compart
ments at the end of the expenments They generally correspond quite
clsely to what should be expeeted which indirates that there has been
0o net transfer of fluid from one side to the other



THE CHANGING INCIDI'NCL OF CERTAIN
VASCULAR LESIONS OF THE SKIN WITH
AGLING

W B Bri up,

Department of Medecine and the E niceraty Hospitals of the (‘ollr,.rn/ e lictne
State Usiversity of Iorca Inca City U'S

Trr subdued tones of discussion of the sombre uspeets of
ageing hwe echoed down the immemonal lanes of history
and the subjeet has been treated varioush by wrtars and
phulosophers from Cicero to Ponce de I con, from Sences to
Browning  Our recent preoceupation with gerontology n an
ageing sotiety ¢ iste oblique Darwoian light on those who
rrowing old ponttficite upon growing old  Gray harr obesty
wrinhles  prosbyopra loss of muscle tone  the menop s
the burdan of discase i Inter decades—all these have Ind
mereasn attention Yesterday « mntroduetary  probmgs
mmin,, for a ddimtion of arang without a priot dehimtron
of hifc or of ttme Newtonmn or Tinstaman—illustrate the
Inrge difliculties of vur problem Is nreing mercly the running
('()\\ nofa \\Ullllll llll (‘l(’(k a Calvinistic sien or st ste Il EH)
process in a dlock whieh 1s buflcted about and thus docs not
run as long as its unbuffetad control®

Yesterday s suopestion that we et more data by obseryin,
the process and progress of a,cng ns at goes rather than look
at the artifically stopped frame 1w a moving precturc of
paneramtc dimensions gives o mere chineal observer some
oneuse for participting, i tins colloquum shich [ take to
man talking to cch othar Thus ns juntor in wisdom and
m years but still a member of an agang, socicty T join m onr
wcreasn,., and s eonscious focus upon gerontology  Fhope I
may mond a ganatne bazard not alwass osenped e the

50
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~demicarena that of becoming mellow before Thave grown

P\Ql\ bref discussion today concerns vascular lesions in the
an and therr mereasing newdence with adsanang years
ar the most part it emphasizes observation rather than
terprettion I bhave no evdence to demonstrate
1 n tal or genetie nf} The study
e;\;es&-x\ts merely the first step 1 chnieal research whieh
. systematic observation and recording of data 1 have
nly vague notwons of why the several types of leswons
xeue ot all and can gve you only speculation about the
:ffect of merecasing age upon them
The obsertations began about fifteen years ago when 1
fatled to get any help about the nature of arteral spders from
the \estors of American medicine at Johns Hophms or
Harsard 1 was sufficiently curous to attach the problem
from the simple approach of the natural historian  Hasing
become 1nterested 1 one hand of vascular alteration of the
shan I noticed others closely or distantly related or sometimes
merely confused 1n the medical wntings on the shta The
data reported here are based on a study of about 700 persons
with arterial spiders and palmar erythemn 73 persons with
Oslers dustase and more than 1000 patients surseyed wm
detail for cherrv anglomas venous stars and caviar lesions
The senous lke on the ear has been studied sy stematically

anly recentiy

Spider Navi
To try to throw hight on the st,mficance of the eruptine
spuder nevus {Fig 1) of bver disease and pregnancy 1 made a
senes of studies winch 1ed to the hy pothesis that such vascular
lesions were overgrown and hypertraphic end arteries whose

NETASE 1N N17C Was probably caused by cestrogenic hormones
In chirome disewse of the diser thes

e harmones are 1 high
ccnbc?lhnon w the blood because the lver cammot m;e
(l\\::(rc“\‘ “‘:\Tsm mc\ eeslm) orexerete them  In pregnancy the

e
an S wellbut the devel 1s I hecause the hormones

T
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are produced n great quantity - Sinee approumateh 10
per cent of normal persons may have one or more vascul
spiders therr climieal sigmficance 15 tmport int onhy when there
are many, when new ones appear or when they enlwge 1%
The eruptrve sprder nrevt oceur 1 the childbeanng period 1
women and 1n the errrhotic patients mosthy m the thiches
and forties  There 1s no apparent relation to age per se They
occur m very voung or very old persons

Palmar crythema as an acquired vascular change i the
shin has the same backgound course and age mewdence a
spider nevi The relationsinp to hy peraestrinenun s not
o close though there 15 the same climie il bachyround

Venous Stars

As the name implies the venous star (i, 1) s a stelhie
system of collecting vemns viable m the <hin and hirger than
those m normal shin They are small varicose vens van
cules  appearing usualh  upstream i venoms colleching
svstems of the shin where pressure i regulirly or tntermt
tently lugh  They are common on the lower ligs and
m associntion with larger varices  Blood flows from the
periphery to the centre thence to an undcelvin,, colleeting
van  Such lesions may appear ain D numbers over the
chest 1n persons with obstruction of the supertor vena civt
during the peried of dovdlopment of collaterals 1.0 i
shows that as age mereases many more penons are found 16
have venous star There 18 a consstent tendeney for more
women than mcu to be affected m amy age group s ¥
associated with the wcll known tendendy for women to have
more n"l] WO VvATICOSL VOIS f'l’l" nen

Cherry Angiomas
There are mamy names for the duster of small diatel
eapillary vessels which form the chamctenstie bn it el
ruby spot De Morgan s spot semle angioma or capillany

angiomn  The wze and shape vary but the typieal spat »
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tonnd the small ones flat the Irge ones clevated and dome
shaped  In most persons when the large ones occur migm
fieaton of tnenty times revealsmany smaller aneswith but one

6 0 40 60 80 WO

PERCENT

Eiz 2 The inereasin, iner lence of venous stars wth increasing
age In every decade »omen outnumber men  Tle bars indeate
the percenta ¢ of afl snt jects found to haye one or more lesions

Bt 1 Tnctlence of cherry angioma by sex and decade

at o few eapflary tufts  Pressure parthy blanches the lesion
and the colour and the naturat shiape are restored after about
nominite Age Fag 9 shows the rpdly nising medence
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with merersing voas so thit m the thirties about three
quarters of the persons obsersed have the lesons and thev
are almost alwavs found n the aged ot onh do mor
people become afleeted but the spots are more numerous 1
Inrger

Casvinr Leslons
The caviar feson w o sl roughly sphenied or dome
shaped varicose enlirgement of the poorly supported vers
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sa so ] =1
o ey
60 100

40 60
PERCENT

Fie & Tacidencd of cavesr ton, e Iesion 1y ex an} derate

in the collecting syvstem under the tongue  The smill one
devedop as an outpouching of n branch of a communi s
v near the ramind vens  Prossare wath o glass shde cnees
tham to eropts Rnots and clusters of such ves el with a
darh blue or bluch calour rescmble cavanr or buch shot (¢
Lt} Apatormenthy the cavinr Joson s oo dihited van with
linpoplastte endothelum but a furly thik wall - Thare ot
no wflamm stors changes  fge Mhore s shorp and farh
Jeady werease wowerdent withancrcasing age atied the lesyns
grow hrger and more numerons (L, %)
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Osler s Disease
(Hereditary Hemorrhagie Telangiectasia)

The cutaneous lesion 1 Osler s dsease 1s usually {lat
punctiform with sharp margns Sohd blussh lesions may
occur  The mucous surfaces of the body espeannlly of the
mouth and bips are fasourite sites  Bleeding 15 commen as
would be expected from the vascular fault a deficiency of
smooth muscle and elastie tissue 1 small sems arteries
and capilliies  The trait 15 transmtted without sex
Lwoks, ¢ as & Mendelan donunant Recently a number of
persons with this disorder have been observed to develop
pulmeniny 1rteriovenous ancurysms  Age 1 have observed
some cluldren with no shan lesions who bied from the nose
and after the age of puberty atypical telan, jectases appenred
m the shin Bleeding, 1s rave before puberty 1t most often
biecomes w climeal problem duting the thied decade and so
remaws throughout ife  There may be slow inerease m size

of some iestons others may vansh but the change 1s usually
gradual aver o peried of years

Venous Lakes
In reeent vexrs 1 e made obscrvations on 2 dilated
senous structure found on the ears and lips of old persons
Fhe arc rare n women but not so rare 1n old men  In colour
they arc darh blue  Fressure on them cruses fading or com
plete blanehin,  Thev refill slowly Histologieal section
reveads a thin sascuiar structure with walls resembling veins

J Discussion

Tht Bfc of man satncsses many changes 1n blood vessels—
the Lrint prohfcrations during cmbryome hfe the sharp shifts
of the neomstal period  the tendeney for tirthmarks and

baman_omas generlly to disappe.
© ar during the e
Af bl Bat then ar vaseala PP g arly years

£ alterations of anather cla
5
reudis observed i vewsels of the shan w luch werese 1w size
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with merenain, vears <o that m the thurties about three
quarters of the persons observed have the levons and th s
are almost alw ws found m the ased  Not onh do mon
people become affected but the spots are more numerous 3=
hirger

Caviar Lesions
The eaviar Jesion 1v 1 small rou_hh spheneal or dom
shaped vancose enlipement of the poorhy upported Vo

S
3

8
r
2
=3 =3 =3 =3

AGE
d 38 8%
hlﬂ

s0 WO

40 60
PERCENT

Fic o Ineilence of cvvnr tonme desion by sex anideele

m the collectmg svatem under the tonzue  The <mall ene
devedop as an outpouchmr of 1 branch of 1 commumeat.
vem neir the mmme vans Presune wath 2 alws shde e ©
them to empty  knots and clusters of such veaneds wath
dark bluc or blick colour resemble cwiar ar buek shot (¢
Fir 4)  Anatonuealhy the evonr kevon s 2 dilited vem witl
Iy poplastie endothelum but 1 furly thiek wall - There R
no mlimmatory chanzes  foe There s a ~harp and farh
oteady mere ne mnctdent with iner s, ane ind the lesion
Jrow larger and more numerous (k1 3)
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puzzle 1t mighit be said with more justification than v now
possible that
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small wfenor vewns
Trom me recen e that natural competency
Whereby they hve”
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number and 1 frequency of oceurrence with ageing In Fig ¢
the efTect of agemg s notieed m the someshat reciprocal
relation of persons exlubiting all three of the venous lesions
and those who have none  While the cherry angioma s
proliferatiy ¢ and grows Iarger as time goes on the vesse walls
are thin and atroplue  Cavtar lesions are dilated and varicose
vems of small size  Their enlargement may be favoured by
mereases in pressure especially because they are not protected
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T ¢ Mae and sev di tiibution o perons with all three
venous le tons and tho e with none

by supporting tissue without or valves witlun Y enous stan
merease with agemg cliefh 1n relation to chrome stasts 1
large veins but mav occur whenever the venous pressure
remarns lugh

Lhese obsersations provide a starting pont for detniled
work on the merease in frequency m size and m number with
agemg Nothing emerges to tell whether they are the result
of the intrmsic process of ageing the mere passage of time,
or whether they result from the stress and strain inherent 1n
Iife and increase with ageing because em wonmental stimult
accrue as time passes  Should further work help solve the



Aceng of Era Tic Tissur 89

dashie hissue of the medws and the relations of such elastic
tissue changes to atheromsta The only feature that is clear
15 that the less definte a Januna (el 1stic) protectmg the media
the more defntte 15 the atherosclerosis (" Ophuls obsers ed
that the most iportant change caused by ageng of the
artenial wall 15 2 gradusl diffuse distension due to the pro
gressve detenoration of the elastic tissue  Wells argued
strongly for the mportance of elastic hissue failure
arteniosclerosis  The fact 1s that a large volume of data had
been accomulated desenbang a charactenstie fraying md
fragmentation of elastic tissue m artenosclerosss frequent
reduphication of the elastica mterna and development of a
profound aflimty by elastic ussue for caleum st Cunously
enough Amtsehhow who fathered experimental cholesterol
theroselerosis pomted out that lesions of the artersal wall
coupled with mumal fibrosis predispose 1o atheromata m
the presence of hypercholesterolemia
It1s quite understandable that Amtschlow s production of
\ A by the ad ration of cholesterol resulted in
an wntensive effort over the last twenty years to hnk arterio
sclerosts to faults ipnd metabolism  These studies have been
stronghy remforced by the hpoprotemn studies of Gotman and
of Barr by the dietary studies of hevs and by many others
(00 pumerous to enumerate  As these studies developed 1t
$ecame mereasingly difficult to relate elastic tissue changes
m the arterial wall to the 2ticlogyy of arterosclerosis
Our laboratory bas been led to the conclusion that arterio
sclerosts may be considered to be not one but two discases
i, whie it neter, melabolom o
breahdown 10 the structure of the e\a'::lcmsxe“ e
ments 1n the
medin of arteries i a cal lon of this
:\‘«T::“x:x‘mml (Thxs potnt of view was supported by our
ons on buman matenal that the daste tissue break
down veeurs prior to the formation of atheromata that the
changes in elastie tissue are associated with age and may
ofrur without atheromata {the comyerse 1s not t o

Tue) and that
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AGLING O LLASTIG TISSUL AND THE
SYSTEMIC EFTLCTS OF ELASTASE

AIBIRT I LANsING, 10 D

Depasiment of {natomy Fmory Unnersty (eorgra

It 15 anteresting to note that although collageme and
clastic fibres have closely related origins, they are remarkabh
different functionally  chemienlls  and anatonueally  The
collagenie fibre 15 a tough, streteh reststant clement that 1
quite rich m hydroxy proline and 15 characterized by regular
trnsserse periotherts 1he elastic bibre as the name mdieates
15 very elastic contams only 7 frace of hydrovy prolne and
1 annovingly free of structural characteristies  The latter 1
espeernlly true of elastic fibre preparations i the electron
microscope | propos of the present discusston it may also
be ndded that these two fibre types difler m their suseept:
bility to pathological alterations there are a great number of
diseases aflectng collagen and the generahzed fibrosis of
agemg 15 almost a diagnostic feature of that process On the
other hand there are but a hmited number of diseases of
dlstie tissue and the agemn,g of this matertahis Inghls loc thzed
Ilass (1939) has reviewed much of the data concermng
clastie tissue diseases

In my present discussion 1t 1s mtended to review some of
the data on age changes m artenal elastic tissue and 1ts
relation to human arteriosclerosis and to note that the age
changes m dermal elastic tissue of the human are strhingly
different from those found n arteries

Artertoselcrosts edited by Condry m 1933 reveals a sur
prising unammity of opmion m regard to the nature of this
disease 1oy, mn outhming the phy logenctic aspects of arterio
welerosis  emphasized the sizmifieance of changes m the

88
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elastic tissue of the media and the relations of such clalshc
tissue changes to atheromata  The only featurc that s clear
15 that the less definute a lamima (elastic) pratecting the media
the more definite 15 the atheroscleromss (" Ophuls obsers ed
that the most important change cawsed by ageng of the
srternt wall 15 o gradual diffuse distension due to the pro
gressive detenortion of the elastic tissue  Wells argued
strongly for the importance of elastic tissue failure 1
anteriosclerosis The fact 1s that a large volume of data bad
been accumulated desenbing a charactenstie fraying and
fragmentation of elastic tissue 1n arterioscleross frequent
reduplication of the elastica snterna and development of a
profound affimty by elastic tissue for caleum salts Curiously
enough Anitschhow who fathered experimental cholesterol
atheroselerosts pomnted out that lesions of the artenal wall
coupled with mtimal  fibrosis predispose to atheromata 1w
the presence of hy percholesterolzmia
T 1s quite under dable that Anitschhow s production of
atheromata £y the admimstration of cholestero} resulted m
an intensie effort over the last twenty years to link arterio
selcrosts to faulty fipnd metabohism  These studies have been
stron, by remforced by the hpoprotein studies of Gofman and
of Barr by the dietary studies of hevs and by many others
too numerous to enumerate As these studies developed 1t
became merewsinghy Aifficult to relate elastie tissue changes
m the arterrl nall ta the mtiology of artersoselerosis
Our laboratory has been led to the conclusion that arteno
seleross mas be considered to be not one but two diseases
One disease snsolses a defect 1 cholesterol metabolism or
creuliion wlale the second discase 1s mamfested by a
:»“N?\.du‘\\‘n w the structure of the elastic clements m the
edia o i Yoife
elastic ;\“:c::“iﬂ"s " b e on of this
potnt of view was supported by our
obsersations on human matera! that the elastic tissue break
‘c“‘:‘:‘:\ ;:Km's lpnkoy 1o the formation of atheromata that the
Mll; l’\" e‘:s ;c Hssut are assocuated with age and may
Without atheromata {the converse 1s not true) and that
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AGEING O ELASTIC TISSUE AND THE
SYSTEMIC LFFECTS OF ELASTASE
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IT 15 mteresting to note that although collageme wd
elastic fibres have closely related orgns, they are remarhably
dilferent functionally chemieally and anatonmeally  The
collagente fibre 15 a tough, streteh resistant clement that v
quite rich m hydrony proline and 1s charactenized In regular
trinsyerse periodicity  The elastic fibre as the name mdicates
15 very ehstic contams only @ trace of hidrovyprolne and
1~ annovingly free of structural charicteristics  The latter s
espeenally true of elastic fibre prepirations in the electron
nucrescope  « propos of the present discussion 1t may also
be added that these two fibre ty pes differ i therr suseeptt
ility to pathologieal alterations there are a great number of
disenses affectng collagen and the gencrihized fibrosis of
agang 1s almost a diagnostie feature of that process On the
other hand there are but a hmited number of diseises of
dlastic tissue and the agemy, of this matertal s Inghly localized
Inss (1989) has reviewed much of the data concerning
(‘I'\Stlc tissue dlS(‘ ASCS

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

Irierostlarosis, edited by Cowdry m 1933 reveals & sur
prising unamnuty of opimion m re_ard to the nature of this
1 o\, 1 outhming the phy logenctic aspects of arterio
emphasized the signmficanec of changes n the
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Two dimen wnal paper chromatography appears to be an
offective means of charactenzing elastin  After complete
hvdrolvsis tryptophane evsts as a trace 1n elastin (I ansing
¢ al 1951) but 1s a significant component of other tissue
proteins By traaing the disappearance of the mnhydrn
colonzed tryptophane spot an the chromatogram one can
readily determme when contaminants of elastin are remosed
This was done m the NaOIl digestion senes and 1t was
determined that the tryptophane spot disappeared after
forty to fifty Tamutes At tlus time glycine proline leucine,
woleueine and yaline were reacaly 1dentified 1n the chromato
gram and minor spots for aspartic and glutamic acid wer¢
present The finding of thesc amino acds as the principal
components of elastm 15 consistent with published analytieal
data for the amino acid composition of elastin (Neuman and
Logan 1950)

There was a progressive reduction in the amount of residual
matenal through forty to forty five munutes of digestion sfter
which time the residual dry weight was constant through
sixty minutes  These data seem to indicate thnt digestion of
chstic tisue m Dot dilute alkalt for less than forty fine
minutes 1s not adequate to remoye extraneous materals from
the tisue (Fig 1)

Microsropie examination of samples digested 1 DaOIf for
time perieds loss than forty five mmutes resealed vamable
amounts of collagen and muscle after staimng with Mallory s
procedure At and after forty fise minutes no collagen or

muscle could be demonstrated and the elastin was optically
homo,enous refl and app 1

y frec from

fating structures  Tihewise elastn prepared from higamen
tum tuche was free of collagen in so far as vould be determined
by hight microscopy and electron microscopy It was bire
fln;;:nt when stretehed or dried had a refractive indes, of

was tevistant to digestion by erystalline trypsin
(\rmour) and stmned effectnnely with ofcen  resoren
fuchsin or the Y erhoelT procedure
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when these two Iesions co exist the nccumulation of eholes
terol 1 the mtima occurs after the elastic tissuc of the
underlying media has broken down

Whether or not this formal hypothests 1s sound 1s not too
tmportant  The cardinal pomt 1s that in human arterio
sclerosis there 1s an almost myamable association of mednl
clastic tissue degencration wath the conspreuons atheromsta
Ihe questions are what relation 1s there between cholesterol
accumulation m the mmtimn and elastic tissue breahdown m
the media and 15 there & common factor responsible for the
production of both of these lesions?

It would beevcessively repetitious to present once agun
all of the histological and analy tteal data which have contr
buted to the devclopment of the pont of view of my Inbor
torv  Ior the purposes of this discussion 1t might be more
appropriate to make a few pomts on the chemistry of elastie
tissue mn relation to age and arteriosclerosss and to attempt
to cualuate factors that condition clastie tissue mn these two
states  Since all of our data depend upon the method of
preparation of elastin this procedure will be described before
makimg tl%a pomts, first, that although elasticaty of arteries
deereases™ with age there 1s no apparent loss of clasti,
sccond, that elastin extractable from old human nortas has
art ammo actd composition distinet from that of y ouny, elstic
tissue and third that elastic tissuc degencration as measured
Dy ealaification thereof occurs as a function of age

Preparation of elastic tissue

Elastin may be prepared i a reprodueible form and with
severnl objective measures of purity A <l ht modificition
of the method of Lowry Gihigan and Katershy (1941) was
applied to the tunica medta of fresh aortas The tissue was
refluned 1 methanol or ethanol for one hour and m acetone
for a second hour This defatted matenal was then digested
at 98° Cm 0 1 x NaOH and small samples taken off at five
mnute time mtervals for chromatographic Iustologieal, and

chenucal analyses
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content 18 sgmficant Certamly therc 1};1:; sigmfieant pam
W de of hie
tose of tiastm atter the third deead
" The data for the pulmonary artencs fullowed a sume\\;‘\m:'
&fferent pattern from those of the aortts  Dunng the firs
three decades of hfe the mednn of the pulmonary artery

Zoo
5 o~ AORTA (MEANS)
& o~ PULMONARY
a4
240 e b e
2
g -~
«a .
pEe
5
20!
&
a
1)

o - ey <1

¥ 0ee

Aaiines of the ela tin comtent of human gottas ani

T ffmon ©y arteries st \Ano s ages  The point for aortas al 10

verroy f Oultfal imficance beeause of th e smali number of
anfvses imolved

1

¢ mtatned shebths less than 31 per ecnt ebastin Ths wereased
slondy but stendils throu hout tle to 34 per cent i the
s aenth deeade and 1o almost 37 per cent an the ershith deeade
The inercase with age of elastin: although mall 1s statstically
w.mbieant

Tt wauld appear then that at kst after the second deeade of
Hle the ela tin content of elwtie vessels such as the sorta
and pulmonnny artery ether omuns eonstant ae actually
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Constancy with nge of human arterial elastin

A total of 110 human aortas and 106 human pulmonary
arteries from which both mtima and adventtia had been
removed by stmppmg were analvsed for elastin content by
the method just outlned

The results obtamed by these procedures on aort1s ringing
m age from shllborn to onc hundred and three vears are

2
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MINUTES

Lic 1 Hadroly iyof humanaort w0 1N \aO!l liowng that

icubition at 08 ( for at lea t 4o minutes 1 needed to procury

a constant residuum of m oluble elistin

summanized v 11z 2 lhe average elastin content of the
media durning the firt two deeades of hfc 1s shightly over
48 per cent while the average clastin content 1n the third
decade and thereafter drops to values rangimg between 41 1
and 44 1pereent Because of the hinuted number of specimens
2 ulable for analysis m the first two deeades 1t 15 dillieult
to deaide whether or not this apparent drop m medial clastin
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post of that from ald sndn 1duals sctiled 1o the \m\\onl\ah;\)
ample of the sustably washed heht fraction {young flnt[\e
was prepared from severdd soung nottas and som; o \
fieny matenal {old heasy) was prepared from ol n;r nhs
Both of these matenals were analvsed for calerym and  the
contents of 18 amino acds

Table l
TrACYSTarP o TRINOPAL Autso oS pv PUnrrren FLasny rrox AosTA

( [ ] =

Aepartic [

N 150
Glutamie ae A
Chyene 6 5 L

Aadine 163 158
Trotine 16 139
Leuerne G 8 74
Yool acine 35 a7

Snifien €lnere v

1n Table T1 are shown the contents of 18 amino acids m the
bt fraction of younp sortic elwim and the heavy fraction
of ald gartic elastin prepared by suspenstati 1a sucrose m the
manner deseribed prevously In the cace of the 7 truno
soids which were determined on whole clastin (Table I) the
Mifferences ahsersed between the voung hght and ofd heasy
fractions were o} simiiar to thase found for the youny and old
whol elastin  The old heavy efastin showed mereases
aspartie and lutanue acds and decreases tn the contents of
shame proline and vabine There w1s also an wncrease 1n the
number of free carhoxyl groups in the old heavy sample In
addition there was a deercase 1 the content of alanmne Al
o{ the other aminn newds showed mereases of vary ing degree
w the old heary elastn Approvimatels 80 per cent ofnthe
nmitrozen of both samples was aceounted for by the analyses

The light fraction contaned } 3% per eent esloum winle the
Teavy feaction contamed ¢ 39 per eent
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increases  The loss of arteral clastietty with age cannot be
wtributed to a loss of clastic tissue It 16 morc Iihels duc tos
change n the propertics of elastic tissue with age

Amino acid composition of young and old arterial
elastin
Microbiological assay of aortic and pulmonary elistin
prepared 1 the usual manner was effected by the method of
Roberts, Ramasarma and Tewis (1950)  Nitrogen analyses
mdieated a content between 15 and 16 per cent suggesting
that clastin 1s largely protem {Highly significant increases
n the contents of aspartic and glutamic acids were noted m
v‘)}vc samples of old nortic elastin as compared to those of the
young clnstm) m confirmation of the chromatographie
findings Thert were also inereases in the contents of amide
nitrogen  However, there was a four fold nerense m the
excess of dicarboxylic acids over ammde mitrogen showing
that the quantity of free carbovyl groups was inecrensed
sigmficantly i the older specimens  The mean values for
valine, proline and glycine contents were somew hat lower in
the older samples, wlile the leucine and 1soleucine contents
m the two groups were closely sumilar LIn contrast to the
findings for aortic elastin the pulmonary elnstin did not show
mereases m aspartic and glutamie acid contents with ngc) The
other ammo acids also did not change sigmficantly “ The
contents of the proline leueme 1voleucme and valime were
virtually :dentical with those found mn young aortic clastin
However, the contents of glyeine and the dicarboxy e amino
acids were lgher m the pulmonary clastin - The quantity of
free carbonyl groups was at least twice as great as that found
m young aortic clastm wlhile the range showed some oserlap
with that of the old aortic elastin It was found that a separn
tion of fractions having differing speaific gravitics could be
achieved by differentinl centrifugation of finely ground
clastin (Wiley mull) in sucrose solution (sp gr 1 80) Most of
the material mn samples of aortic clastin from very young
dividuals floated an the solution after centnfugntion, while
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ation of medial elastic tissue

Agl?h:n(:ﬂ?&on hins repeatedly ansen whether the b:eal»‘(‘lll;\;:\
and caleification of medial clastic tissue 1s 4 sequel to al 3
matosis or whether this 1s an age dependent phenomenon o
an attempt to resolve this question atheroma free «segmecm
of the upper abdominal portions of human aortas &\ B

collected and both adventitia and mtimn were sepamtef ‘v
stnpping To guard agamnst chemical contarmnation of the

MLYAL ELASTIN PAOM
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the elastin

content of elastin frarm M

In flaque free aress
ge in the cafeiim content of

aeketed areas by adjieent and overlyng atheromata or
neerolic and ealeified phques we
aartas which possessed an over alt mimmum of atheroma
toss Tittle diflicutty was ¢ spenenced in calleching atheroma
fixe tissue 1 the youn,, group while considerable selection
w8 required i the older specumens
The separated tissues collected n thy, ape series were
analvsed for enloum content b the method of Salomon
€ shno and Stathy and for eholesteral content by the method
of hndey and Schaffert The data ay summarized i Py 3
show that there 1y no stzmificant age ehange m the nmoun’{ of
e na

selected, for anslysis 14
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Table 11
vivo Aern CovposiTion o Yotne Lioitr axp Oup Heavy Liastry
——
t B!
mn et AREAe | A
Aspartic 038 11
Clutamie 1 83 301
Glycine 26 10 21 30
Prolne 10 10 920
Leucine 4 5. 4"
Isoleucine 210 23
Valine 13 00 11 50
Atamine 23 18 2 W8
Lysine 049 117
Argimne 18 48
Histidine Q15 0"
tine 0 00 010
Metlnonine [N 03
Phem lalanme 171 1097
Tyrosine p 176
Try ptophan 0 o 024
eTine 0 29 0o
Threonine 0 Gy 113
Amde N 2 90 2 86
e
Total 90 83 a0 17

Thisprep ¢ Ui n onfaited 1 14 percentealo n g 114 fperee t\
11 preparat on contar od 8 B pereent Caanil Spr nt\

These data indicate that the amino aeid composition of
young and old arterial clastin 1s significantly different

It 1s doubtful that the shift i ammo acid distribubion
represents a change with time m the ammo acid composition
of a pure protein  The elastin studied may be a miture of
\mn or more protemns and the changes observed may be
related to differences in the ratios of the separite constituents
How such a change ean come about 1s not yet hnown It 1
possible that the protemns lad down later m bfe may be
ifferent from those formed earlier beeause they are formed
under the mfluence of fibroblasts wlich themselies have

ndergone age changes
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a matny matend whieh together makhe up the clwstic
m';’; A reeent study of the piyloenctic dntribution of
Qastas Lansing Rosenthal and Alex (1903) not onhy found
this enzvme 1n A tefeost fish but also determmned that it
was present n the wiet rather than acinar tissue  Lophuus
pucatoriur (Loose  monk angler fish) Ike several other
teleosts hs 1slet tissue thit 1s anatomically separate from the
aemar portion of the pancreas Each then can be collecterd
separaicly and o relatively pure form Ve found the elastase
setivity to be confined exclusi elv to the sslet tissue and were
thus led to suspect that clastase has a systemic rather than
diestive function This suspacion 1s supported by the well ‘\
hnown oliervation that elastic fibres resist digestion i the
alimentary tract aduft human pancreatic yuce has failled to
show elastase nctivity  the y1eld of elstase from whdle
panereas 1 extremely low and heef pancreas 1s an excellent
sotree of clustase  Since this ammal 1s herbivorous there
would appear to be no need for 4 digestive enzvme for elastie
tivsue

filo and Banga have recently indicated {1923) that the
dlstase content of the pancreas of human arterosclerotics 15
substant ol less than normat  Close nspection of thar
tabular data shaws that age v a8 much a vanble w thewr
matertt as 15 artenoselerosis  For exumple the group of
artenoscleroties which vield a mean of 9 elastase units per
wrem had an average age of sixty-one years the group of
non artenoscleroties who came to autopsy because of other
dnenses had an avera,e age of thirty four vears and a mean
of La ehstase wmts per gram fasth the group of non
astenoseleroties who cante to autopsy through 1 talent death
bd an average a,¢ of turts -one vears and 208 elstase umits
Firam . The posibility appears to exist that loss of elstase
iy be related to artcnoseleross andior Temg
‘“‘rilxm“:‘l‘)uil:‘x:;c h"\s h()cn e ;lalhzcd by o rather Inbor
e s )"um':q“ ot sreld this matenal 1s generalh

R 2 pincretic ettt by aed
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medial elstm or m the ealelum and cholesterol contents of
the mtima There 1s a small merease 1n the cholesterol content
hf the medin and a thirty fold mercase mn the caleium content
f the medial clastin - It would appear from these data that
he development of an affimity for caletum by artenal elastic
( 1ssue 1s an age conditioned process
It scems clear that change i composition of human
\/nrtcrml clastic tissue which 1s almost invanably associated
with overlymg atheromatosis 15 age conditioned  That age
alone 1s not effectine 1s attested to by the fact that the
pulmonary artery 1s hormally resistant to elastic tissue change
at all ages  The pulmonary artery does develop tspeal
elastic tissuc changes as well as atheromatosis when it 15
subjected to stress as in pulmonary hy pertension
In presenting these several forms of data, I have not been
attempting to propose that the primary lesion of arteno
selerosis 1s elastic tissue breakdown rather than accumulation
of ipid m the mtima My pomt 1s that arteriosclerosis 1s 8
complex disease, at least in the human artenosclerosis 1s a
product of both accumulation of Iiprd n the intima and
degencration of elastic tissue in the medin of arteries The
question 1s Is there a common basis to both of these lesions
or 1s their occurrence comeidental? I suspeet that the former
tossxblhty 15 vahid and that the maternl ealled clastasc may
e implicated m both elistie tissue and hpd  metabolism
The datn are far from complete and elastase 15 as yet poorly
defined but suflicient experimental data are ayvailable to
warrant serious consideration of the role of tlus matenal m
arteriosclerosis
Elnstase exclusively extractable from the pancreas was
ongmally prepared and characterized as an enzyme by Balo
and Banga (1950) It 1s apparently speeific for elastie tissuce
and acts upon the substrate to convert a fibrous pratein to
the globular form m solubthzing elastic tissue there ts no
apparent relense of peptides or anuno acids  In tlns labara
tory elastase has been used to work out the fine structure of
clastic fibres The cnzyme solubthzes both elastic fibrils and
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arteta dlastc twsue the data are largely Tustochenmeal  As
& matter of fs¢t thete 15 some queston 1w my nund as to
whether or not the elastic tissue changes I senle elastosis
hould be referred to a8 on age change  In so far as can Ye
determimned senile elastoss peeurs onfy 1n the dermis of shan
\\h'\t 15 duromeathy, exposed to the dements such as face
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extraction and salting  In such extracts the elistase actity
mroor inriroas destroyed by bothng  The clastase actity
of pancreatic estricts persists after fat extriction and
dialysis  Cunously enough although these conditions would
suggest that elistise 15 2 protemn the systemic effeets to be
outhned were obtamed by oral adnumistration of the matenal
A umt dose per rablit was that amount of elastase extractable
from 5 grams of pancreatin (Viokase, Viobm Corp  or Wilon's
concentrated pancreatmn)

In two groups of tracer studies using **C labelled acetate
(COOH) and glyeme (CII;) with and without elastase, it
appears that the oral adommstration of tius materal has
symifieant effcets on the metabohsm of nortie clastie tissue
Rabbits, n groups of five, were given 0 1 me of exther of the
two 1sotopes by mtraperitoneal injection and followed for
two to twenty eight days  Ammals were sacnificed at various
time mtervals after ijection of the glyemne or nccti te, the
aorta from the arch to the diaphragm was removed fit
extracted, reduced to elastin, hydrolyzed and transferred to
plnchets for countmg  The only dilference between the
controls and experimental rabbits was that the latter recens ed
dailv doses of clastase for the duration of the experment
Ihe datn are summanized i tabular and graplue form (Table
111 & Tig 1) The results with the controls mdieate that the
metabolism of clastic tissue 15 considerably Iike that of collagen
as established by Neuberger using comparable doses of the
1sotopes  T'very indieation is that the turnoy er of elastic tissue
15 very low, and indeed after admimistration of elastase 1s even
lower than m the control It 1s difficult to propose & formal
explanation for this result, one possibility 1s that clastase
removes a particular component from clastic tissue, one that
1s substantially labelled in the control  Whateyver the final
explanation for this phenomenon may be, 1t 15 elear that oral
admimistration of dastase has an 1n vizo effcet on the sotopic
Iabelling of clastic tissue

The mformation we have on ageing n clashe tissue
human shin 1s much less complete than that ayvalible for
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artertal elastie tissue  the data are largely lustochennesd As
a matter of fact there 1s some guestion 3n my mind as to
whether or not the elashe hissue changes sentle elastosis
should be referred to as an age change I so fir 85 can be
determmed semile elastosis oceurs only 1 the dermts of shin
\)ﬂm 15 chromeally exposed to the elements such as face
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extraction and salting  In such extracts the elistase actinty
i vitro or i vano s destroy ed by boiling  The elastase activity
of pancreatic extraets persists after fat extraction and
dlysss  Curously enough, although these conditions would
suggest that elastase 15 o protemn the systenuc eflects to be
outlined were obtamed by oral adnumstration of the materi}
A umt dose per rabbit was that amount of elastase extractabile
from 5 grams of pancreatin (Viokase, Viobm Corp or Wilsons
concentrated pancreating

In two groups of tracer studies using *C Inbelled acetate
(COOII) and glycme (CH,) with and without clastase, it
appears that the oral admmmstration of this matenal has
sigmficant effects on the metabolism of aortic elastic tissue
Rablats i groups of five, were given 0 1 me of either of the
two 1sotopes by intraperitoneal mjection and follawed for
two to twenty eight days  Animals were sacrificed at variows
time mtervals after jection of the glyemne or acetete the
aorta from the arch to the diaphragm was removed fit
extracted, reduced to clastin hydrolyzed and transferred to
planchets for countmg  The only dsfference between the
controls and experimental rabints was that the latter recent od
daily doses of elastase for the duration of the experiment
Ihe data are summanized n tabular and graphie form (Tublc
I & I 4) The results wath the controls mdicite thit the
metabolhism of elastic tissue 15 considerably ihe that of collannt
as estabhshed by Neuberger using comparable doses of the
1sotopes  Exery indieation 1s that the turnoyer of elastic tissue
1s very Iow, and indeed after admimistration of clastase1s ¢y en
Jower than m the control It 1s difficult to propose & form?
explanation for tlus result one possibahity 1s that clstase
removes a particular component from clastie tissue one that
1s substantially labelled in the control Whatever the finl
explanation for this phenomenon may be, 1t 15 clear that oral
adminmistration of elastase has an 1n vizo effect on the 1sotop!¢
lnbelling of elastic tissue

The mformation we have on ageing 1 elastic tissue 1t
human shm 15 much less complete than that ayamhble for
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artemal clastic tissue  the data are largely tustoehereal Ao
a matter of fact there 1s some question 3a my mind as to
whether or not the elastic tissue changes 1 senile elastosis
should be referred to as an age change  In so far as can be
determned semle elastosts oceurs only 1 the dermus of shin
that 13 chromcally expased to the elements such as face
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which distinguish them from the clastic clements found m
sentle arterses

The sensle clastic tissue of arteries mamfests a weah
acidophilin whereas the opposite 1s true i sentle elastosss
When the elstie fibres of the latter leston are stuned witha
dye such s methy lene blue or tolurdine blue the fibres evhubit
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11t Craphs showm, the uptake of 3% labelcd ghyeme m

norm ! rablut aortc elastin and i aortic chistin of rbbits
treated with ehistase

a strong basophilin - No evidence of metachromasia s beest
obsery cd so far by us  Another strihing difference between
ngemg of arterial aud derml clastic tissue exnsts m the
cllcmm content of the two  As has already been mdiented
the agemg of arterial elastic tissue may be measured 1 terms
of the amount of ealetum 1t contatns  Juv ele arteral elastic
tissute 1y free of edeium, with age 1t progressively takes up
el s much as 16 per cent of the drv wei ht of the
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punfied chystin Inmicro inemerated preparations the calaum
In elastic Fbres may be recogmred as very heavy deposits of
2 bralhant whte ash when the speairnen 15 viened with darh
field Ye hne made micropcimerated seetions of a number
of specimens of shin exhibiting senfle elastosts to date we have
found no evidence of & tendency tow id Y of the
elastic fibres 1n thus lesion

There has bren some guestion a5 to the nature of the fibres
found in senule elastosis alf of the evidence found i our
laboratory would establish that the fibres ave elasie  They
staim typrcally with the usual stams for elastic tissue resorein
fuchsin orcein and the Verhoeff reagent Thin sections of
osmie acid fived fbres of normal shan and of senide elastows
are mndistinguishable both are quite free of distinctive
architecture Lastly mncubition of small cubes of fresh skan
exvabiting sende elastosis with elastase shows typical solubil
tzation of the elastic elemcnts therein The digested areas are
wegative after Mallory or elastic tisue stammg Tt would
sppear that we are dealing with a bizarre type of elastic tissue
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alwaysnterested me 1 cetal b lobin 15 quute & diffe rent proposition
from adult humin hemoglobin and we hnow there are & number of
Protemms m the fetus which change biochemically but do not apparently
change functionally with development In the study of agemg might 1
call your nttention to the possibilities of the plucenta, whieh nges very
rapudly and calefies very rapadly also ) o mught get some interesting
Jeads and connections between feetal hife and adult hie by o study of the
agemg plicenta

Tunbridge Iam sorry Dr Iall s not able to be here, because he has
found o number of v ery mteresting facts dealing with less drasticmethods
of getting elastm I think Dr Lansing will ngree that even one tenth
normal sodium hydronide 1s very drastic chempeally It will remove
much of the non protein matenal present smee at destrovs mucopaly
sacchanides It will also however cause hydrolysis of peptide hnkages
11 the maun protemn chains themselves and therefore 1t 1s surely not the
best reagent for the preparation of a pure undegraded sample of

elastin Using methods which though stilt chenueally drastic areless
hhkely to produce the effects of alhalis we do find marked differentes
Lurst of all the polysicchande 1s retamed 1n quite lugh concentration
Ve do not agree with Balo and Banga that the amount of carbohy drate
15 of the order of 10 per cent because if y ou look at therr methods they
Lave not allowed for the amno actd content of their hydrolysates
which would probably be Tuded 1n any deter of reducing
sugars In fact after correspondence with them they now agree that it
1s more of the order of 5 per cent I suggest most tentatively that
although the amino acid composition of so called elastin and of colligen
dffer from one another the man reason for therr dffening physical pro-
perties lies elsewhere probably an the fact that their polysacchande
content differs both quahtatively and quantitatively 1he difference
physical properties would suggest that clastin has a rubber lhe con
stitution with enormous stretch nght up to the pomt of breaking as
opposed to collagen which only stretehies shightly before breaking It 13
diflicult to get pure speci and one e to draw ¢
but I do think Ifall s work shows that there 18 a defimte difference
between the two proteins It 1s not clearcut the <hemeal diffcrences
when a more gentle method of separation 15 used are not as great &
those usunlly suggested It 1s faseinating and 1t 1s 1n Line with what
McCance has s

Aub Ilihed Dr Lansing s presentation but there 13 one questton that
puzzles me_and that 15 the extraordinary nerease 1n ealeum in phis
ehistin  If I'm correet in my chemistry caleium phosphate would still
be mtact 1 1/10 & sodwm kydroside You only spake of calQum and
not phosphate, but in your last shde I sw that phosphate also went up
myour preparation I wonder whether the caleium is really sttached to
the elastin or whether 1t 1s a residtie of ealeium plosphate or of anapitite
wiich remams n your solution aftcr st s digested  Lhen it would be
Just ealafication remanin,, behind and not attached to the clastin T8
siguficnce would be very different

Lansing That 19 8 question wluch of course cune to our attention
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seryearly i the worh and I causay that the calerum e'xxrxt::a;g;lxtts an
e g e l:\astltheb?‘lﬁst::\:e:d‘;r?:a: \fe may {n\c only
ated 1 refernng to the ducarl il

‘:;‘:u::‘rl) ‘inkage n%enmng that perhaps the mtial ea\u\m:l m:?:) h::;1 Z
gone to one of the carboxy! groups and then formed a mdus 1r he
growth of a crystal hhe chain Now it 15 not adientitious eal cll‘l‘
phosphate derned from non-elastic tissue because one can expose i |3
‘alerfied old elastsn to dilute acds and remose all of the ecaloum an
then mn rendenng the solation slightly alhahne add ealeium 1ons under
conteolled conditions snd effect Tecombination Mot all of 1t goes back
we are not reconstituting the long chawn caloum apatite but we do
recombune 4 siguficant amount of calewm to the elistin Ve cant do
that with young elastin  So appatenty there are groups in ot} elastin
which have an affimty for calerum

tub But you get such n Iarge p of
change  Is that all attached to your elastin?
pho<phate or apatite?

Lansmg 1 thunh 1t 15 caloum phosphate  And as I'say some of it at
least is directly linhed to the elastin moleeule  How far the change gves
in ntsay A Ay 10 miero all the
munerad 18 dueetly wn o an the elastic fibres  Visual obseriation of
course doesn t establish chemieal continuty but anatormrally all the

caluum safts are 10 or on the elastic fibres nwhen viewed wm dark field
MuCro-ncinerations

1

Lould some of it be

Vedmrar 1m interested n the idea raised by Lansing that the elastic
fibre systems of the shin and of the biood vessels mav have very different
properties  Dr Bean mentioned that 1o Osler s disease there was im

perfect developrent of elastic fibres in vessels I presume they are all
nghtmthe slon  Is 1t nat al o the case that there are congemital affec

Wioms in Whach elastic fibres are very poorly deseloped 1n the skhin but
are normal in the artenes? Ifso that would tend to rewnforce the 1dea
that we are really dealtng with two some hat independent fibre. systems
:h\:::'e Toight well be expected to undergo dufferent tvpes of senescent

Tunbridge 1t K may buty 1n here T must cross swords with Lansin,,

rather strongly on certain statements he has made  Furst of all the
amount of elastic tissue i

n normaal skib 13 very small  The entena for
hat gre three fuld One oy quakitatrve and hxrl}'ologxcal which 15 alwavs
unrthable The serond u\qu:\hmtue but makes use of more advanced
W electron py (n which as Lansing spid

th p‘:l('(:m of collagen 15 very di tinet and the pattern of elastin
nud': t‘g{ amorphous by that Very fact is distinetne  Tn qualitative
e “"J"\ all stes of 44 body we have found very hittle elastin—a
1on substantiated by Wy eholf usimg the ghasskmife which cuts a very
e l::‘un anl :mmlmlcs the enticism that with the mechamenl tear
lr:hm(-nl :}:l“ the elastic fitres mught Be Int  Tias was g seryus
e e i view of the widely held opunon thigt there were g
talen farge

1c fibres i ordinary slan - One of Prob sty
ury 3 workers has
masses of shin different sites and dc:?u wath :tmvn &
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Lross sile—a square foot of shyn at a tiune—nand obtuumed shhith
higher results thn those we huve quoted enther  But whichever way
yott ook st at, be st by weight volume or crude nnalysis 1t would seem
that at the most there s not more than 5 per cent and probably less
elastm in dermal tissue

Ihe othee pont 1s one which I thought we hid proved but Dr Lanving
isagrees with us this question of senule ¢histosis e elistic stamm
material 1s not elastic tissue 1t 15 altered colligen —considerably altered
but still coliagen  I'hns answers Beans pomt I think  beeause the
blood vessels are less well supported and they are very sulnerable to
trauma Fhe extraordinary thm, as that it mereascs with age, 1t 18
present i abont 2-3 per cent of the population at the nge of sty and
1n 2. per cent of all we have been able to exanune at mnety therelsa
Imenr relationstup  Wath it goes scarring tendency 1o hemorrhage and
soon but it 1s definutely altered colingen Dr son Albertiat would agree
that 1t 1s o totally diffurent collagen degradation product from that
whrch vou get in the rheumitie nodules” both chemuclly and m its
reststance to enzyme action  lhe leston 15 wully sud to be due to
esposure but we had one old 1dy of ninety who for vanotis reasons nd
hived 1n hospital sinee the nge of seven and she had this change in o very
strking degree—where she pot the sunlight m a hosprtal i Lecds
1 do not know!

Lansing Wl apropos of your first pomt there certamly 1s no 1sue
on which to cross swords  I'don t believe that there 15 o rich ded of
elastic tisue m normal shin and tndeed the dlustration I showed of the
abdonunal surface showed a remarhkable hek of elastic elements 8t
least in the pirs papillars there was rather a coarse net deep in the
reticular portion of the shin but I tlynk we would all agree that there b
probably less than 1 per cent extractable elistin n shin on o dry weight
basts

We differ very shirply as to what tlus matenal 15 that pe see
scile clastosts  Llus my be a matter of semantics or one of simple
defimtionbut the fact 1s that this peenhiar bed of matersi appears in the
pars papallares of human shin usually but not necessarily in evposed
portions of the body  This matersal stams bhe elistic thsue  We hne
very fun entenia for deflning elastic tissuc the best ones we ine depend
on tinctorl reactions  Afluuty for orcen 3¢ rather speetfic and thiy
matenal stans rother well with orcen  The resorcin fuchan reagent
stains elistic tissue quite speerfically 1t docs not stain collagen and tht
matern il in senile elstosis tnhes the resoran fuehsin dye  Smufarly the
N erhoell « dye wluch I aliustrated here 1s n hittle less specific but stams
effcetively  So tmctonally  tins stuff behaves hhe elastic tissue
pomted out that the clastase wlhich 13 rather ronerally speatic for
chistic tissue with one rather recent cxception (the heat den rtured
collagen) responds to it but within an hour after exposure to chistase
at o pll of 9 0 the matenal thit normally stains hhke elastie fissue in
<emslC elistosts drsappears entircly it doces not take up any of the elmtic
trstiedyes And Distly that mternl when exposed to the amline biue of
uny of the Mallory rea ents for collagen is entirely neg, e
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d on
d.e Ttahe you up on two pomts there Lollaen peted

:\m:"m enzy, mn)nc'myp for example with pepsin will then !:‘l‘ke‘\l[;
tauns which ave said to be charactenistie for clastin so 1 think tha
Jassifs ing tissue as elastin on stamng data alone 1s a generalization we
hould use with eare Then thiere Js the guestion of enzyme digestion
The elastase which you mentioned wineh Balo snd Rangs first wolated
definitely stems to have o dual function at feast one component 8ppear
inz t0 be more 1 the nature of a mucase than anything else The pomt
ebout pil ¥ want to rawse particularly  Owing fo the retention of
sulphated polysaccharide in our elastin ‘preparations and Ws subsequent
refease after elastase action there 15 a marked lowenng in pIT the opt1
varn #ffect being at 4wo pI values namely 8 7 and "8 The iworta
scts very differently from ligamentum nuchie which as you are Aware
has & much smupler form of elastic tissue  smaller percentage of
callagen intersoven with the elastic fibres and what 1s more important
a faver polysaccharide content Therefore 1o the absence of adequite
buffering you pet far more amd hiberated when you act on aoriie medin
thap you have from higamentum nuchz this may carry the pHf from the
optimum of one enzyme component (R 7) to that of the other {” 8} with
a emsequent alteration tn the mature of the Iiberated products 1In
alequately buffered systems you find your elastase first liberates poly
sacchande an acid 10 a combination whieh 1s very closely allied to that
of clundeoitin sulphuric acd  Low then ge an action wineh 15 proteo
Iytic in nature and so far no elastase has been punfied ta such a degree
3110 be without thus 1ts first action therefore 15 on the carbohvdrate and

secon Iy there 15 a delayed action on the protein itself
N L'lx;"m" You mean m Fn land 1t hasn t been punfied 1t has 1 the
oy

Tunbnde Well wehave been very careful and Ban,a sgrees wth s
on this eatsrely that once you get rid of the polysacchande try psin thea
has & most dramatie setion
Lannn,. T would ke to reaffient that this 13 matenial wluch morpho

1 greall Joohs Bke elastic tt sue tinctorially shows all the reactions of
elastic 15 ue ard 15 entirely dissolved by elastase These are the (luet
entina we have for defimng elastie tis ue It appears that there 15
Presumptive evidence that this ss elastic tissae

‘W}nﬂ ¥wonder if I mght ash the combatants whether this material
n Ll:e skin possessey structure under the electron TCroscope’
a ?lenl Onr shic I shawed [not published) was of a section senally
u :\:(a:\! “n:‘: mmewhz: thx;kcr specimen wiuch was viewed in the phase
o 'mmnmmpe make sure we were dealing with the night area
Lomfort \nd that 1s the maternal
which yo
Lol Tunbmpe as modihed eolageny ¥+ CCCTIve a3 elastia snd
Lowun ey "
Wrinde 1 thunh unde
ehastin {he sut rviadi

th percentage of broken fiby

n T res 4N enormo:

‘u'ilil';‘ ‘:rh tebris and amorphous. maternal and only when you \\a‘\:
Y eazymatic action with trpsin do you find a few normal
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collagen fibres remaunmyg,  So under the electron microscope the strue-
ture 1s very different from ordwnary collagen with its perfect fibres~1
bundles and cross striations

Albestia. May Ishow an eleetron nucroscome pattern of a shan bopsy
Wath semle heratosts amd very typieal so called eltstosis which we aho
call clastord degeneration

When I exummned the shde m the i ht nucroscope T snw the same
tremendous masses of elsstord materiil s Dr X ansing has already
shown  Using, the low power of the electran mucroscope (Lig 1) we
agua sce the swme masses  But with Tagher power {13g 2) 3t becames
obvious that this maternt must be deenerated colhgen and not
degenerated elastic fibres Don t you think so?

Tansing But in between the bundles of collagen do you thik the
tissue 1s actually empty there or do you think perhaps you have arather
fragmented section?

Tunbridge Of course when one employs the electron mucroscope
obviously some of the spaces are artifacts due to the technique Same
mny be mtrcellular substances nnd mitnx of winch we know yvery hittle
and cannot get nd of But I think that you can compare sechion with
section X do not know if I'rof Albertint will agree with me on thit

Alberim Yes 1do

Lansing The very low level of electron density mn the aren represented
by what I eall space 1s awfully suggestive of nahed collodion membrane
and not ground substance which has a sigmificant electron density I
think that we nre not deafing here with a contiuous section and I thiak
the only way one can answer that would be to have tvo sections side by
side—a thick section 1n the phase mucroscope and an adjacent senl
scetron cut much thinner and mtrodneed into the eleetron microseope
to ennble one to chech are against aren  Thats what we e been
domg and we don t get empty spaces

Coudry Dr Lansing could you say a word ahout purfying the
cnzyme?

Lansing Using orgrmie solvents under standirdized conditions of
preapitation we have o matenal that seems to be free of trypsin and
1> well along tow wrds punfication but st st has a long way to go
think 10 another few months we may be able to talk more fully about it

¥ ¢rzdr 1 am ghd that the discusston has now reached bisie problems
of the ageng of eells and even of proteins I think that the adnurable
sork of Dr Lansing 1s really of a more gencr il importance than when he
spenhs only of elastin and collagen  1he loss of elasticity 13 so generalin
ageing tissue that one ean find 1t w shan w muscle 1w bload vewsels and
evennnerve I think that thes leads to the basieally tnportant question
of the clanges of tissue adiptation which nu ht be caused by chrnges
in the proteins

T woultd also hhe 10 say that a ot of tame was spent m our laboratory
with el 1stase estimations m youny, and old anm s and large dfferences
an the p increases of young and old anmmals were found but unfortunatch
they were not related to age
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collagen hibres remaming,  So under the clectron microseope the strie
ture 1s very difterent from ordmarv collagen wath its perfeet fibres—m
bundles and eross striations

Albertim May I'show an electron nucroscopte pattern of o shin biopsy
with semle keratosis and very typreal so called elastoss wluch we also
cnll clastond degeneration

When T examumed the shide i the b it mieroscope T saw the <ame
tremendous masses of  elwtord materl as Dr Lansmyg has atredy
shown  Usmny the low power of the clectron mmcroscope (Big 1) we
again see the same masses  But with lugher power (R1g 2) 1t becomes
obiious that tlus materil must be degencrated colligen and not
degenerated elistic fibres  Don t you think so?

Lansing But in between the bundles of colligen do you thnk the
tissue 15 actually empty there or do you think perhaps y ou have rather
frngmented section?

Tunbridge Of course when one employs the clectron microscope
obviously some of the sprices are artificts due to the techmque Some
may be inteacellular substances and matrs of which we hnow very httle
and cannot get nid of But I think that you can compare section with
scction  Idonot hnow if Prof Albertint will ngree with me on thit

Albertini Yes Ido

Lansing The very low level of electron density m the area rcprcst‘"ml
by what T eall space 15 anfully suggestive of naked collodion membrine
and not ground substance wlich his a sigmfieant clectron density
think that we arc not dealing hiere with a continuous section and I thiok
the only way one can answer that would be to have two sections side by
side —a thick sectron 1n the phase mreroscope and an adjacent sernl
section cut much thinner and introduced 1nto the clectron mueroscope
to cnable one to check area agunst aren  Thats what we e been
doing, and we don t get empty spices

Condry Dr Lansing could you say a word about punfying {he
enzyme?

Lansing  Using orgamc selvents under standirdized conditions of
preapitation we hase & matenal that seemns to be frec of trypsin and
15 well along towards punification but at still has a long way to go
thnk m another few manths we may be able to talk more fully about 1t

T erzdr I am giad that the discussion fins now reached basic prablems
of the agung of cells and ceven of protems ¥ think that the admurable
work of Dr I ansing s really of a more general importance than when he
speaks only of elstin and collagen The loss of elsticity 1s so peneeal u;
ageing tissue that one ean find it m shin i muscle m blood vessels and
eveninnerne Itlunk that this leads to the bisieally mmportant question
of the changes of tissue adaptation which nught be eaused by changes
1n the protens

T would al»0 Iike to say that a lot of tume was spent n our [aboriton
with ¢l istase estimations in young and old animals and Iaege diffcrences
1n the p inercases of y oung and old anmuls werc found but unfortunatel
they were not related to age
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collagen fibres remaiming,  So under the electron microscope the strues
ture 1s very difterent from ordinary collagen with its perfeet fibres—~in
bundies and cross strintions

Alberting May I'show an electron microscopic pattern of 4 shin biopsy
with senile heratosis and very typieal so erled clastosts which we aho
call * elastmd degeneration

When I examuned the shde i the ight nucroscope T siw the same
tremendous masses of clastord materal as Dr Lansing has already
shown  Using, the low power of the electron mucroscope (i1, 1) ve
agan sce the sume masses  But with lugher power (11, 2) 1t becomes
obvious that this materi! must be degenerated collgen and not
degenerated clastie fibres Don t you think so?

Lansing But n between the bundles of collagen do you think the
tissue 1s actually empty there or do you thh perhiips you have a rither
frogmented section?

Tunbridge Of course when one emplovs the clectron mteroscope
abviously some of the spaces are artif icts due to the technique Some
may be antracellulir substances and matns of which we hnow very Juth
and eannot get rid of But I think that you can compare section with
section Idonot know if Prof Alberting will agree with me on thit

Albertin: Yes, Ido

Lansing The very low level of electron denstty in the area represented
by what I enll space 1s awfully suggestis e of naked collodion membr in¢
and not ground substance which has n sigmficant electron density
think that we nre not dealing here with a continuots section and I think
the only way one can answer that would be to hate two sections sule by
side—a thick section 1n the phase meroscope and an adjacent seriv
seetion cut much thinner and mtroduced mto the clectron mieroscope
to emible one to check area ngunst area  Thats what we ve beet
doing and we don t get empty spaces

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

Lansing Using orgame solvents under standardized condrtions of
preapitation we hiave o material that seems to be free of trypstn and
1 well along towards punfieation but 1t sl has a Jong way to (o
think 1n another fw months we may be able to talk more fully about it

J ersar Tam glid that the discussion has now renchied basic problems
of the apeing of cells and even of protans I think that the adnueable
work of Dr I anstng 13 really of a more genernl importance than when he
speaks only of elastin and collagen  Lhe loss of chisticity 19 50 generol in
agemng tissue that onc can find it i shin i muscle in blood vessels and
evenmnerve Ithink that this leads to the basienlly important question
of the changes of tissuc adaptation which nught be <aused by chnges
i the proteins

T would also lihe to say that a lot of time was spent in our hiboratory
with (] istase estimations i young, and old ammals and Iarge diffcrences
w the pancreases of y oung and old ammals were found but unfortunteh
they were not related to age
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*CALCIUM METABOLISM IN OLD AGE
RELATED TO AGEING OF THE SKELFTON

O 7 Mar ¥p R Dicoratses ¥ Asn L SKIELKVALE
Inst for Evacringsforskin, Oslo

AGEING of the sheleton mphes dissolution of structural
umits {osteons and trabecute) with loss of calemm salts from
the body and with a reduction of the breaking strength Tt s
not known if the breahing strength 15 alnays proportionate
10 density of mimeralisation

The systematies of bone diseases have been diseussed 1n 1
number of text books and monographs for example Albright
and Refenstein (1918)

Senile osteoporous 15 saud to be frequent 1n old age but no
good stalisties have been produced The problem 1s how 1f
at all tins disease 1s related to dietary intake of caleium and
Atamin B Further the course of calelum metabolism 1s not
known duti, the development of the disease but 1t must be
aegatine over a period of vears

Neeenthy the problem has i part been ably discussed by
He, sted Moscoso and Collazos (1902) who consider that the
e requirement of adult man 1s low and that the frequent
ocewrrence of osteoporpsis 1s not related to caloium intahe

On the other hand numernus discussions of the Ca require
ment of man have ended with 1 recommendation for a defined
mishe  lateh the LS Food and Mutntion Board revised
therr d oflg ton of 0 8 ¢ daily
for adult men  The implication must be that adult people
consuming considerably less Ca than s recommended run
the Tish of getting 1nto continuous negatnve Ca balance which

wn the course of time must lend to recognizable osteoporous
Such differences of apinton ean only be scttled by adequate

*THix is to

Lot Nicolaywen, T TN 8% 8 preliminare repont presented 1y

1y
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¢ physiolomy of calowm metabolism was recently

rc:lz‘wal!) b \\c?h}se\\ Eeg Larsen and Malm (1:'0'3) ant
{he hiochemustry and physiology of vitamm D by Nucolaysen
and Feg Larsen (1953) Referenee s ronde i these
pablications to 3 number of aspects of the field

In Oslo we have for several years studied the calcium
metabohism of rats and we have also conducted a long term
study m man 'The studtes are in part fimished 1n part they
ate continung  The main purpose here 1s to report briefly
on these experyments which wiil be published m full 2t a
later date

Experiments in Rats

T} ¢ object has bren to study the adaptation of the absorp
tion of ealewea m adult and old rats Some of the charactenstie
results are reported below

Erpertmental  Adult rats of known ege taken from gur
stoon cofony and given a sitamuin D free diet (842 g whole
wheat 100 g casemm [Ca free and fat free] 80 g dried
brewers yeast 10 g NaCl 504 By, mixture 8g RH,P0,
504, CaC0y) with a Ca content 6l 0 24 per cent At intervals
ihe CaCO, 1 removed and the diet then contains § 03-0 03
pereent €2 Vath the md of 0 o per cent Na oxafate added to
this {4 poor dhet the atamals are at grven mtervals depris ed of
Lody erleum

The (a absorption or the Ca balance 15 studied continu
cush Inligs 1and 2 two experiments are reported one on
« 8 et diet towhneh vtz B was wdded whin Yhe ammals
had suffred o measured Joss of Ca the second sery old
rats who reccnned © 53w vitamin D darhy throughout

Results

The cuntrut herween the group of rats given a vitwnun
1 free dyet (Fig 1) n the penods following Ca deprination

(bt Lefore vitanun D was Liven) and th,
C rats
D theoughout {hig 2 ! e

2)sestrhing Thus rats without v stamy

2 mD
ﬂl“\‘\ lose 1020 per eomt of ther Ca and the net absorption
sl remains vers Jow  When vitamua O s given to such rats
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and representatne experimentil work e problem of €1
balance and Cu requirement of clderly organisms has been
subjeeted to a number of studies m 1ceent vears  Aceording
to Melay (1952) v wrious spectes tend to ret mto negatie Cv
balance when about two thieds through the span of hfc T
and McCry (1933) found that they had trouble i mamtamme
metabolte equiibrium m old dogs unless the dict was relatiels
rich 1n ealeium

Owen (1939) and Owen e @l (1940) 1n studics m old osteo
porotic men, observed a marhed tendeney for Ca retention
Bogonofl ¢t al (1953) studied the Ca balance m seven elderly
men (sixty six to eighty three years of age) of whom three
had osteoporosis  Iligh ntermediate, and very low leveh
of Caintake were used 1n periods of three to four weehs The
tendeney to retention on lugh levels was small, but the Jows
on the low level (100-180 mg daly ) was also small (100-200
mg daily} In contrast Achermann and Taro (1903q), 1 8
study of the Ca balance over fifty to seventy days m eight old
men given only a lugh Ca diet, concluded that seven of the
men nceded 18 5 mg Ca/hg body woght to mamtan
equihbrium The eighth subject lost 0 3-1 0 ¢ Ca daly
spite of a very lugh level of Ca n the diet

In these experiments as well as m carlier ammal expent
ments o lugh feeal Ca loss was observed m other words
absorption seemed to be deficient wherens the urmary (an
these old men was m the lower range of normal’

Sellling and Laszlo (1951) studied yvarious bone diseases,
among them sexen semle osteoporotie cases  The urinany (3
was low but they retamed somewhat less of an intras enoush
mjected amount of Ca salt than the normal controls (personal
communication)

In view of the fact (see below) that vitamin D 1s a dommant
factor  Ca absorption m both adult and m old age, 1t 1 of
mterest to note that Achermann and Toro (195 35) observed o
substantially ncreased Ca absorption in their subjects
following vitanun D admimisteation  Balance was aclneved
but no retention 1n the person who lost 0 5-1 0 g Ca daily
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Tt 1s worth while reporting that the technique used n the
abov e experiments matured n consequence of a gre it number
of experiments 1 which adaptation (sigmficintly increased
absorption) could not be obsirved In these earher expen
ments rats given vitamn D throughout were used  Short

Age lac months
mg Ca/dav

223 absorbed

"

[

o.

4

8

n
0125 levels of
oo Ca1nthe diet

1 * The Ca absorption n six.
ollrats
Ddaly  (Ca intake on theq 2 . per l‘entg(lt‘::l?l Sulhgutv i‘é‘ E‘:
datty §

E(;r::d;ﬂ:j :cn!totr:‘urtccn days on the 0 2, Prr cent Ca diet
© test the absorption  In betw eel
n th
fiven the 0 04 per eent, Cg diet for weeks and the Soms

fzeal output
handly los any body Ca":l x:;;
o
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the absorption quickly reaches very Ingh values This resalt
has been confirmed m 2 number of other experiments  The
results achieved n the very old (thirty one months) rats
have so far been confirmed 1 fifteen to twenty months old
rats

fe—Vitemin D free diet

mg Ca/day
21 absorbed
2 total Ca loss
fe——  SlOmg
p| T Gd0mg —
810
4 mg
—
N D_
8
018 6 levels of
Ce tn
the diet
004,
30 300g bodv wt.
o et i et
Age 51 weeks 85 weehs

Iia 1 ‘The absorption of Ca n siv fomale mats  {Ca ntake
on the diet contunin,, 0 —. per cent Ca about 40 mg duly }

The urinary Ca was measured throughout n the very old
rats  lhe daily output was about 0 5 mg 1n the period of
deprivation  In the following two weeksat ereased to about
2mg daly  Thus nearly all Ca absorbed was retamed  The
loss of bone minerals suffered i the perod of deprivation
could quichly be made good
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unnary and ecal Ca occurred when the intahe was reduced
Tn such mstances the standard deviahion 1s an exa, gerition
of the errur of the smgle obsers ations

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

qe w ;o 50 e n 80vears
| *hof
wet wit
F20
[»IS
0
oy mg Cafiln
v = e e alance
LE 0 30 -0
- g 0 60 70 80vears
o n CE s s gy 5169 /
Tt v tion caleuluted aeconting ¥

el VI Py R :&[:";')“ # olinsen

_ (Feces)
Gintke uwm«n) o0
. $00mg wah
YT T p N b content of
e o0 hele corp sextet e in men Ll
#¢ (ol 1im Lalanees in 38 1 e
»
T IN0-100 davs dtly ke abont pegre e IO
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As a result, we introduced oalate as a Ca “trapper

It needs emphasis  that the Iack of adaptition of the
absorption i rats 1s m reality notlung but 2 confirmation
of the prineiple wiich can be evtricted from all ewher
observations i vitamin D deficiency m man not least from
results 1n late richets and m ostcomalacia (see Nicolwsen
and Eeg Larsen, 1958, for the metaliohie pattern)

Experiments in Men

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

Results

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

In g 8 the balances of all thirty exght men linve beent
guen, and m Table T are condensed and summarized theresults
of the adaptation study m twenty five men In T 3 the
figures have been arranged according to age whereas Table
I they are according to mcreascd enleulated requirement

Most of the men were overwei ht necording to the Metro
politan Insurance Compiny s standard table whieh was
used for correction

The figures for urine and frecal Ca are grven with ther
standard crrors  In some the varations were irregular it
1n other persons long waves m the fieeal Ca output occurred
at one level of mtahe A defimite trend of the curves for



117

Carcium Meranousy 18 Oup Ace

Aty ety 1A

56 T8
© g~ E131
¢ o~ FaLk

1+ uFock
T ow To0

» 11FORT
-5 Fook
o T8

s 1 Foob
e T FoIL

g tow
< LT

TXUE
» 81T g8
0 m1Fgss

1t Ttk
v et Te

WL ST F

oax ody ) buALPPIL D AL PP e P
9 syker” [ [ 15 108 [
8L Fe 84 g4 05— | r— [ 0¥ 8
raFes <L [Nt ol 2% u )
L ovFLS L 0 o Ball o5 —¢ 5@ oy V0S8
89 Ferl 0 [ g = ot~ | 1s¥ woL
g L FLel gg o pt—{ t—| o %0
6 8 FeLl ot (X% Latd 16 E41Y +iEo 8 [y 0
1 g Fucl el 1L og- | OF— L33 O
0§ Fewl s 035 U 186 Y +r €9 jucos
L L Fagl I’ 1L a1 I 8oy &6
8 LiFovt 9 ag- | BT ot 1

- Fort 5 g £C 4L [ F34 Youy | b [uteS
o8 Feal L LR a3 [ ¥ PR fls1y oN
1 Fayl 19 X3 8 .8 » PRTAN I 0 Y
86 Fum 12 LR s 18— bt L] (®e)
TS L [ b £88 oAl ~0 b 5 ju1 e

A

- Ew” o8 c0 PR Y S 4 0 So 0w | be |USS

1 *o 333 o 1y b oLt ot
- :Nnc off 0 g o - (244 IR
.t Fea 0 oei—~{ o~ et ve
R IR ot ot | o8 10 die +por ) ov Jueod
18 Tad o .t aa w ol o3l s fid upusti X
IR L i ot e vt panudjoagre RIS
g Foue g YT ta¥ (d +roo | ss | 1
v Tor o v rre | v re It s 3 sl paofumousa ¢
[E 2 X1 <t €T e Qi L% 1oL Fiy eut




l

16 O J Marv, R Nrcorayses asp I Sniriniare

Tasy o [ P “e— Lind i WL v iU
Pacbilei-dil B Lo 1AL RIPELE |y
u. NWNM.N.MA PAREE R TAd i L & oL ha w5 40 N LA u iy

¥ e Twil Du [ g v 81~ L nl
_~ u—‘.’wMNM Iy H.V-V.n o <2 [} St ur ol hicig
= ol Fhes LT A Ve b el y 3 I Blry ort
U IIFE 6 ¢ Foss e L3l BERWES ag 49 Lenatxdotatgy
v LT O B~ Fus e 0 Gt G e 0L +0 cg v 5T
AT L E1F L 0ty oyt oy LS
T Ergg 8 ¥ - oy L 6oy e us oy
£ T Tk 9 L Fuly o9~ ) cor e *o g | oy fuzg
L nFoar 88 Four | # L (3 [ [ B
£ 0tTHs | o8 Fug o z0t .5 233 o | gy Jursg
11T o0 89 Fosr [ € L Ll Ty [
€ xFage 1 21¥F ol o8 <al b 831 +9 2., 17 {uteg
1% 995 £6 Forp 7L LR [N - (333 18 +e g, %L jutos
T 1eFugr Ty T Bu 6L- | 14— e wi
8 .1Tp07 | 01 Fgar 1L Te 60~ 2 £9% 4~y
~ =g 18 Fur sL ~0- i ¥ 831 orL
Y OIF6o. | 6 ¥ F0g 89 8~ 1 18~ ko oy
G LTeLIr | 11 Fieg oy 63 o~ orFL § 3
06177y | 81 Foz [ T~} s 06 s +re. oo juoo.
€ TS | ve Tup 22 8y 21— oz~ 61 1% sioodloatso {igle

4 9.F 6oL 7 D1F IR v (54 16 ZRL v e | oye X4

o 7 Bivty | Kop; du Xy

ra swenng | top w3 | WS ] 2F g 1P| S0P Q‘ﬁ& wnew mApog | 7EAY o

nmy .2 adutpug B awse,

KA NI BGALG TINVIVE] KALTEF] KLY, DNO]

12qey,




{
Carciust Merarorisyt v O Ace ns

on obviously not completely vahd was that
?x;:m(:‘mﬁ‘;:‘;\‘:d been fully )de\ eloped and that 1t had reached
ity maumal power  The thiee approimations used wert
o
“‘; ME;"I‘::““ true  percentage absorption  was caleulated
according to formule (sce Tig 1 and \icolaysen Feg Larsen
and Malm 1923)
2 Ttwes 3 that ths caleslated p tage would
. the same when the tesel of intahe varied someshat up or
down

Two examples will Wlastratc the procedure
1 o 273 20 mg 1—22:‘28 mg which added to the

849 my, results i the figure used

> No 121 $9mg 1—70—;);6') m,, which subtracted from

450 mg results 1 the figure used

3 Inafew persons a shght hnear correction wp or down of
the uninry Cawas usedme¢ 1\ of amore 1a]
corrcetion necded for mtake  (Sceeg 92 and 408¢)  Thus
i 408¢ 2o mgy were added to the 186 mg

The balanec was measured 1 fourtcen men above Bfty

Mans of age and ndaptation was studied 1 mine men above
ffty vears of age

Discussion

Absorption and its adaptation

It appears that the sbsorphion s more elficient than
wually thought  The wtroduction of & £ 300 and 900 mg
respectively for the dasly (o content of the digestive Juices
will nut matersatly alter this contention

it abo appears that the power of absorption 15 incresed
1 the catirse of time w practically ol) persons studied Thus
contention rests on the assumption that the digestice ywee
Casened systematientk attered 1n o penod of negative badance



118 O J Marx, R NicoLAySEN AND L SwiELRMALE

M wApaq ) 4

200 B ded vuats { b AU pp 1 gnsg 3

B e Py

L Fau~ @ 1Fgeg, L o6 G- 01— | g OR~

© TtFgre 85 Fieg 19 8| o~ rt— oL s01 & nosodionnsg
+ UForr | ¢ o1¥Foz 6 g7t | o [ 068 16~ ¥ o) | owr 15
& 11F_ L1 0 11T8g 18 0e 1 1 age o s1Alpad 1

# LT~ 6% Fioy [123 or— 9y — e Lad s1s010d[021%0
LetFue | 2 wFay tL L4 -1 606 otz Fraa | o0

0 CIF8Ig 63 Frig Ly t 8 i~ 6L— 1y 1%

S I5FLie 69 Foor %0 68 - TU—] 1gy ory

LOVFL | 5y Fuz 09 81 6 ceg 961 +08) | 1L Juigs
e e1Fey, 6 6 Fogt 10 88 01~ - 100 91

L LEF 03, "6 Foug 89 -8 - 08— L ory

LTEFHRC | 5 91T g3 B (4 s £26 8L +8 %L | £ Judgoy
L HTeup ¥ 01F 851 19 78 - [ tge 1y

8 Ty 68 FLr [ ¢ - - 89 86

B8 9IFLLs | 7 g Fogy - * I cRL s91

¢ LIFR69 8¢ Foor 0" L ° €16 S +120 | o= jugss

P quiqo 9 Hrong | dopru | o " # v
L a sd [ gypu o Pl ¥us o mrlop “
fBusany | Ao pusnig Lot ! ru P syor s | suny nley 1
ML N SRI0UG AIAVIVE KALYIV) Kugy, 007

pamuiuna—] aqu,




Carcivn Merasousy iy OLo Ace 121

The approximations used cannot lead to senous errors
affeeting the main results
In the T most of the figures for Ca requiremnent support
the view of Hegsted ef ol (1902} that Ca requirement for
mamtenance 15 Jow 1 men  On the other hand the mgher
figures reached are af vauance W ith such a View and some
comments on these figures are needed The expenment in
Mo 5ol over twenty six months leads to s comparatis ely
well estoblished Grure of 12 8 mg  Is be an excephion in the
material presented? In view of the results in No 242 the
figure reached tn No 298 can be quite off the mark and the
figure reached for N\o 408c 15 not well founded due to the
abnormal  figure for feeal Ca 1n the third prmod  In the
counse of time this high freeal output would has ¢ been follow ed
By an mverse sase with o much fower figure for Ca require
ment as the zesult  On the other hand the figure of 9 mg for
o 200 would scem to be not too poorly founded Elementary
statistics on the requirement figures for the first 24 persons
results 10 & mean of 6 8 mg /hg withsd of 21 This would
smply that No 5.1 15 one 1 & thousand but 1t does not sclve
the problem
The men above fifty years of age seem not to behave
differently as regards adaptation and it appears from big 8
that & number of them retaned Ca remarhably well The
develapment of osteoporests imphies loss of calerum from the
sheleton either by a real icrease of unnary Ca or by a non
i of unnary Ca bined with fanlty absorption
The results i No 780 on the lughest intahe level are
instructine 33 to how the absorption may seem to be low
when only hugh levels of Cs 1n the diets are used and thus may
throw some additional li it on the apparent faulty absorption
1 the old persons of \chermann and Toro {1923) The results
of Bogonoff et al (1953) on very low levels of Ca 1 the diet
are in kine with the tesults here presented

Vs regards unnary Ca the vanability bet

y betneen mdimduals
makes 1t ampasstble to judge 1if the unnaty Ca s given
Person has been sncreased  Gbservations over many years




120 O J MarM, R Nicorayscn aND L SRIFLKVALE

turnmng positne  Anyhow, 1t seems reasonable m view
of the undoubtedly established adaptation of absorption i
rats, to assume that an merease of the power of absorption
1s responsible for most of the adaptation of the absorption

Persons above fifty years of nge show on an aserage noless
abiity to adapt their absorption than younger persons
The results of Bogonoff et al (1958) n old men on vers low
Ca diets strengthened this view

Urinary Ca and its adaptation

The quantitative aspects hove recently been discussed
(Nicolaysen et al , 1953), and the lincarity within mdnidusb
as well as the varabiity between mdividuals has been
stressed

In a few persons no reduction of the urinary output follows
halving of the mtake, but i most persons some reduction
tollows, and i some @ substantial reduction 1s responsible
for quite a large part of the quich achievement of bilance
following the reduetion of Ca intehe

However, when two consceutive periods on a low tevel of
mtake are compared, the genernl impression 1s that absorption
improves 1n nearly all, whereas the urinary Ca level mostl)
rematns horizontal

Ca requirement

The vahidity of the figures rests entirely upon the method
of study The materal here presented reveals the number of
weaknesses inherent an such a study of arbitranly chosen
subjects of mostly unknown previous dictary habits an
status of nutrition as regards Ca and vitammn D Judg
from the number of persons able to retam substantial amounts
of Ce 1t may be smd that they did not rcprcscntnpopulntwn
well nounshed as regards nutrients essential to maxims
sheletnl caleification  On the other hand such a contention
would lend support to the hy pothesis that the hmmit of adapts
tion may have been reached in some
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The approximations used cannol lead to serous errors
alfecting, the man results
In the mawn most of the figures for Ca requirement support
the view of Hegsted et al (1902) that Ca requircment for
mamntenance 1s fow 1 men  On the other fiand the agher
figures reached are at vatance with such 2 view and some
comments on these figures are needed  The expeniment in
o 5ol over twenty si< months lewds toa comparatinedy
welt estabhished figure of 12 8 g Is he an exception in the
matenal presented? In view of the results in No 242 the
figure teached 1n No 238 can be quite off the mark and the
fgure reached for Mo 308c 15 not well founded due to the
abnormal figure for fxeal Ca mn the third penod  In the
course of tme this hugh fecal output would have been followedd
by an nserse nave with a much loser figure for La require
ment as the result  On the other hand the figure of 9 mg for
o 206 would seem to be not too poorly founded LElementar)
statistics on the requirement figures for the first 24 persons
results 1n o mean of 6 3mg fha withsd of 2 1 This would
imply that No §511s one in a thousand but it does not solve
the problem
The men above fifly years of age seem mot to behave
differently as regards adaptation and 1t appears from ¥y, 8
that a number of them retamed Ca remarkably well The
denelopment of osteaporosss imphes loss of calemm from the
skeleton erther by a real increase of unnary Ca or by a non
reduction of urmary Ca combined with faulty absorption
The results in No 790 on the lughest imtake lesel are
mstruetive as to how the absorption may seem to be fow
:Vh};cn only hugh levels of Ca in the diets are used and this may
oW some additional ight on the apparent faulty absorption
n the old persous of Ackermann and Toro {1953) 'The resylts
of Bogonof ¢t &l (1953} on very low levels of Ca 1 the diet
are in hine with the results here presented

4s regards urinary Ca the vanabilt

y between mdividuals
makes 1t 1mpossible to judge 1f the unnary (a i o given,
person has been mereased  Observations Over many years
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would be required  On the other hand the eonsiderible
material of Ohlson ¢t al (1952) 1n women can be meluded in
the discussion, and this has reeently been done (Nicolavsen
¢t al, 1953) Nothing indicates that urmary Ca s mereased
mn elderly men and women Iowever such a contentton 15
far from conclusive  because comparison between mdia
duals suffers from great varmbihty No 200 as well 1s Mo 201
were not onlv high urinary excretors, but they seemed to
keep the high urinary Ca Ievel with tenaerty It may be that
they represent the tvpe that m the course of time mu
develop semle osteoporosts with hospitalisation as o
consequence

The two different ty pes of obsersations presented kg 3
may mdicate that the men zbove fifty, who retamed Ca so
well did so beeause they had been somewhat demimeralized
m the yers prior to the actual balinee study

Nothing n the maternl here prescnted indicates that the
Ca metabolism of men above fifty diflcrs from that m younger
men  On the other hand the hnutations of the maternl are
obvious so that it does not allow of any final conclusion as
regards the ongin of senile ostcoporosts as related to dictary
mtake of calelum and vitymin D

It does not seem profitable to continue to work with an
arbitranly  chosen material  however  adequate  balance
studies 1n a sclceted material of senile osteoporotics combrned
with the load method of Schuling and Iazslo {1901) muht
i the course of some years contrnibute definitely to the
solution
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Bruff Lnnary caleram o5 fas a4 § e see, s rather a leakace and Is
mare ot less independent of the rest af the caletum tnlince ani mich
more ifluenced by dirests and orgame acid metabolism than by sny
g else except m disease of the parathvrotd ghind

What do you think sbout serule ostechotosis when it tws gone 0 £
that the vertebra break down® Do you believe that it 13 Que to 1wk of
ntake or do yon think there 13 annther factor}

Aieofaysen V3 opinion changes fromt dhy to dav T thanb vou fust
have to da ling term studies  There ks maternnl wdicatmgt that ol 1
osteoporotic men retan calcum remarhably well ut that may agam
be oyer shorter periods of hme Ve may fuve o cortain caj aaity for
Tepair but not & complete one Gut it may be that the periods of observa
ton ate not lon  enough

Bra® ¥ bve done many talowuro balances and I have how some
doubt about the vatue of thematull If you take & case of osteaparasts
a1d do the caleium balance vou very often find normal requizementx
2 sout 1nvestigate thesr bachground you fiad that some people who
become osteoptrotic have had a normal calcwm stake and others
who have fo disease had a Jow calerum intahe  Then there 15 the
Stndang fael that when jou take a patent who has just & normal
l;t;lmnce hut mho has osteoporosts and you @ve fum very small doses of

lewlar hormone  there are enormous changes i caloram balanee
Ths supoests another ongin of osteopotosss

Nuolaysen Well 1 ordmary persons you can introdure new matric
Wh e ‘a1 of sex hormanes you can force caleium deposition
" l;:iuul;u\m; menhioned the problem of the requirement of s itamin D

and old people s far ay we could see the Tequircment of
“'z{x:\cl;:) n ﬁ;hxll: and old peaple 1s dbout 33 ag fay
ysen ¥ agree with you that they need v
Snré’:xu‘w wuch they need }I thunk thaty rcmmnsmux;“b:lv;n;::c‘n;m ot
here 15 a‘vt{y sengitive me:.hod to find 1t ot and thot is by
P 1n thee feces and unne
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Phe amount of phosphates m unag 15 abose that in the feces when the
mtake of vitamn D s suffiesent and the feees content goes above that
of the urine when the wtake of vitanun B 1s below normal requrements
Assconasyougnethe necessary amount of vitanun D (about 4 4z Jdn)
then the proportion of phosphates m the urine 1s abave the phosphite m
the feces  khat 1s @ sery sensitive method 1 man  In vt B
deficieney when practiealls no phosphates ure absotbed vatamin 1Y ean
Rroduce a tremendous mere 1sc in phosphate absorption with no effect on
enlcium

Necolaysen X am 4 httle sceptical of thet method T lune done g
Zreat many studies on the rabo of ¢ doum to phosphate 1o the feees
and 1 only tells me thot of there 18 no phytie acxd m the foees the
phosphate yanes with the ¢ tlaum

Aub In the frees yes but not n the urine  Phospliate i the unne s
& very compheated problem—caleum excretion nppears smpler ot at
least 1s better understood  There may be o versy fow phosphate in the
Liood strewm but o very farge excretion m the unme and the roent
sstustion may abso occur 1hbe <hifferences appear to be dependent
Trgely o6 the amount of feabsorption in the ren! tubuhs

Hrult May T remund you thet I demonstrated # threshold fur phov
phiate about twenty five years ago and the mfluence of hormonts and
other factors upon 1t?

Nacolaysen If you were to aceumulate the phosphates in the frees in
u soluble form you would soon get diarthaes

fub I ngree that phosphite (cretion appears to depend on the
smount of caletwm w the fices It appears i the feees larpely 88
dibasic ealeram phosphate but st doesn £ nlway s nppeat in the utine 1
that w3y the exerction there appenrs more eomplicated

McCay Ttssimterestng that you have fonnd Lstamn D of smportanc®
e have tned for many years off and on and we have never been abl
1o shiow & vitamin D regusrement as old rats Y ou e different dicts
and conditions and it shaws that results vary cnormousty under different
expernmental conditsons

Micolaysen We hnve conducted a bfc tune study in rats whith
wstructive on this punt  The diet nas free of vitarmn D but when
vitamun D wos added optimad growth was scen (i the D frec mals the
finzl bodyweight uas 10 per cent lower) lhe calewm balance wis
studicd continuously over eighteen months  Fhe differenee m the
absorption af ealcium betucen the + 12 graup and the B free group
disappenred after twelve weehs of experysent  Lhe total caloium
retention per 10 ¢ bods weght wis about 10 per eent lower in the
D free rats  Vatanun D mven to suck D free rats resufted in a con
swderaldy smercased absomition  This was true for ratx at the o8¢ of
thurty five weehs as well gy ot seventy flve wechs  The amount of Ca
nbsorbed was many tines fgher than that scen i rats of the same age
winch had been piren vitanun D throughout

McCay Absorp from the intestine §s confimted vers well by radio
active caleftm work  There seemy to be no difference in absorption of
radioactive calcium from the tracts of young and old dogs or young and
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old rats but there s n tremendous difference n the rate at which that
ealoum moves out of the blood Tt 15 ot of the bload witlin twenty
four hours 1 & soung rat but you can stifl measure st ven en 1y at the
end of 3 weeh 1n an old Tt or do, So the ab orption seems Lo hie be
tneen the blood vessel and the bione rather than between the futestinal
wall ant the bilood

\icolaysen Ses absorption 1s different m soung and ol adulte The
removal from the blood 15 yery complicated a4 you hnow~ 1t 13 worhed
out m an equation with four exponentisl terms The first two are
1dentical 1o those for the Temoral for sodium then follows the slover
onie which 15 a summary of jonic exchanges and recrystallization an)
the last one represents the term excretion

McCay There 13 e problem of adaptation fn the rat if one mamtalne
rats from early youth on a low caleum diet one finds that they gn Into
nemative caloum balance later 1n old age and It i3 ensler Yo maintaln
ther calenmma 1n old age than if they are from early youth on lugh
calenam dhets  And also 1f rats are fed diets very neh i itk one finds
that their bones are denser and have more caloium when they die in old
age and they excrete mote calaum 1 their unne than if the diet had
;ome other source of calewum like bone meal  So there must be other
)a:;ul‘;:k :m!L that modify this utibzation of caleim in old age dont

Nicotaysen In three vears of prelunmary e
syt of Co Sheorpon w1 The mbsorption won st
on a0 2o per fent (s diet following intervals of up to four months ona
© 01 per cent Ca diet 1n the course of wineh the rats lost 2-4 per cent
body La. Ioweser we could in no instance find an impron ed absorptin
‘Thesefrre we mtroduced a more seyere Ca deprivation eithier b g 4 ) iy
adietree of Caorby mrangthed o4 percent Cadiet with ﬂddﬂd)b g‘h{‘k
Now the losses iercased abose 5 per cent. and tn the following weeh
onthe 0 o per cent diet o greatly mereased spee 1 of absotptic .
o allng o suecesels 1n 3 stabreate fke vy | Chut o
ol hf)u: leath developed  Vitarmun ID was gwen to afl these vats

fub I yon are 3
of :"""2"7) e Illo:lnctx,r‘:;“rg; fge;;gr‘:’rf;i n‘; hy do you use men snstead
wcolayeen Well an emunent ehera

men and azun on the wav or e bre. X:;:fi?l !(nrfelicr ’;‘:‘“1‘ o in mam
oL peapte ‘arid e sand that 1t way vers frequent 1 old m hog tat for
pofpmbrdoe T think Prof “acolaysen has fully demonstrated th
ngtudinal studies as mell as longes ity stadies the need



17-KRETOSTEROID LXCRETION IN AGFING
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W orcester Foundation for 1 rperimental Biology Shraesbury Vast

Many studies of the changes m adrenal function with
mereasing age or with discase have been based on the mdiees
of total urinary corticord excretion and total urmnary 17
ketosteroid exerction  They have demonstrated a deereased
excretion of both classes of steroid with mereasing age  How
ever, these decreases are not parallel  I'o este only one study,
that of Pincus, RomanofT and Carlo (1954), carried out at the
Worcester I'oundation on men and women aged twenty to
minety, 1t was found that the 17 ketosterords decreased more
marhedly with age than did the corticoids

Two recent developments have made 1t possible to danve
more mformation about the function of the adrenal glind
aged mdividuals from 1 more detailed study of urmary 17
Ketosterords  Iirst metabolism studies with the steroid
hormones have established the relntionships between endo
genous sterowds and the indinidual 17 hetosteronds of the
urine, and secondls methods have been developed which
make posstble the quantitative detcrmination of < mdunt
dual a 17 Retosteroids 1n & urine extract containng as htth
as 2 5 mg of Zummermann reaching matcral

1he metabohe relationslups for which there 15 ¢xperimental
evidence are presentcd in Tigs 1 and 2 Ty, 1 shows whit
we consider to be the prinetpal pathways in the hrosy nthess
of the Inologically active adrenal sterords  Cholesterol n Gy
sterod with the 38 hvdrony 2* econfiguration  and other

elnvestigutions desertbed in this paper have been supportel by grant
number 1T 1650(C6) from the 1'% Lublic Henlth Service
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precursors such nis acctate first are conserted to androst o
en 38 01 17 onc (dehy droepiandrosterone) a €,y sterod, and
pregn 5 cn 38 0l 20 one & Cyy steroid  both still having the
38 hindrony 4* structure  These are then owvdized to the
corresponding 44 8 hetones, such as androst 4 ene 3,17 dione
wd pregn 4 cne 3,20 dione (progesteronc)  Ovygenation at
carbons 11, 17, and 21 takes place after the oxdation of nng
A mumg nise to androst 4 en 118 ol 8,17 dione m the Cyy
series, and an the Cy, series through six compounds contammng,
n various combmations one or two more hydrovyl groups
than progesterone, to the try hydroxy sterord prega 4 enc 11§
17¢ 21 trrol 8,20 dione  (cortisol) Among the eompounds
mtermediate between progesterone and cortisol those which
can contribute to the urmary 17 hetosteroids are pregn 4 en
17a ol 8,20 dione (17 hydrony progesteronc), pregn 4 ene 118
17a diol 8 20 dione  and pregn # enc 170,21 diol 3,20 dione
{11 desovycortisol)

Iig 2 shows the relatronships between these steroids and
the urmarsy 17 hetosteroids  Androsterone and hochol
Ja 0l 17 one excretion reflect the adrenal production of the
€,,0, sterowds, androst i cne 317 dione and dehydroept
androsterone (and n the male testosterone produced by the
ronnds) with a muor contribution from Cy, O, sterowds, such
as 1T desovycortisol  An andiention of the production
hy the adrenal of €04 steroids such as androst $en 18
ol 317 dione can be obtamed from the urinary «xerchion of
11 oxygenated steroids having the 5a (or androstanc) eon
fiuration  while exerction of 11 oygenated 58 sterowd
(zetiocholane configurntion) may be regarded as an ndex of
production of Cy, 0y steraids, the major one being cortisol

The quantitative method used at the Worcester Ioundation
for analysing unine extracts may be briefly desenbed
Unines were collected as twenty four hour specimens amd
hydrolyzed by botling for aight minutes with 15 volumes per
cent of hydroachlorie nad  They were then extractcd with
cther nnd fractionnted according to the method of Pincus
(1945)  After separation with the Girard reagent ((orard
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precursors such s acetate first are converted to androst »

cn 38 ol 17 one (dehy droepiandrosterone) a €,y steroid and
pregn 5 en 38 0l 20 one, a C, steroxd both still having the
38 ndrony 4* structure  These arc then onidized to the
corresponding 4¢ 8 Ketones such as androst 4 ene 3,17 done
and pregn 4 enc 3,20 dione (progestcrone)  Oxygenation at
carbons 11, 17, and 21 takes place after the ouidation of ring
A gnang nse to androst 4 en 118 ol 8,17 dione 1 the Cy
series, and 1n the Cy, series through six compounds contaimng

In various eombinations, one or two more hydroxyl groups
than progesterone, to the trt hydroxy sterord pregn 4 en¢ 18
174,21 triol 3 20 dione (cortisol) Among the compounds
mtermediate between progesterone and cortisol, those which
can contribute to the urinary 17 ketosterowds are pregn ten
17a ol 3 20 dione (17 hydroxyprogesterone) pregn 4 ene g,
17a diol 8 20 dione ond pregn 4 enc 174,21 diol 8 20 dione
(11 desovycortisol)

Iig 2 shows the relationships between these sterords and
the urmary 17 hetosteroids  Androsterone and retiochohw
3a ol 17 one excretion reflect the adrenal production of the
C,,0, sterords androst 4 cne 817 dione and dehydroep
androsterene (and 1n the male testosterone produced by the
gonads) with o minor contribution from Cy,0, sterowds such
as 11 desonycortisol  An mdieation of the prnductmn
by the adrenal of €0y steroids, such as androst #en 1g
ol 3,17 diong, can be obtained from the urmary exeretion of
11 oxygenated steroids having the Sa (or androstane) con
figuration, while exerction of 11 ovygenated 58 steronds
(etiocholane configuration) may be regarded as an inde of
production of ;04 sterowds  the major onc being cortisol

The quantttats ¢ method used at the Worcester 1 oundation
for analysing urine extracts may be briefly desenbed
Urmes were collceted as twenty four hour speeimens and
hydrolyzed by boilng for enght minutes with 15 volumes per
cent of hydrochloric aexd  They were then extracted with
ether and fractionated according to the method of Pineus
(1945)  After separation with the Cirard reagent (orard
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pheny Cellosolve system o yesolve androst 2(or Z{)]cn‘l"'
one (which arsey from androsterone during the acid hvdro
1ysis of the unne) 38 chlora andeent 5 en 17 one and the
acetate of mtiocholan 3a ol 17 one {11) which 1 formed
1o o smil extent durmg the Cimwrd  reaction The
androsterone and sctiocholan 32 ol 17 one zones are cluted
and ondized mith perbenzoie 2od  The oxdation produets
are rechromatographed and the 911 epovides determmed
These arosc from the 118 hydroxy sterowds which were
dehydrated during hydrolysis Chromatography for 72 hours
m heptane propylene glyeol of another alquot of the
extract or of material eluted from the paper stnp 1
the area between the mtiocholan 3a ol 17 one zone and the
starting fime resolves the 11 keto compounds  The compost
tion of the fraction ealled remduc 15 not yet fully deter
mined Prelunwmary studies mdicate the presence of pregnane
3a,17a diol 20 one and possibly of allopregnane 3a 17a diol
"ane Thewe two compounds may be dispersed over an area
including the zone for the ztiocholan 3a ol 11 17 dione, and
therefore the of that pound mav b some
what bigh A few studies indicate that between 8 and 20 per
cent of the Zymmermann value for the wtiocholan 3a ol

1117 dione zone ma) be due to the presence of the 20 heto
compoungds

Results
The daily excretion of @ 17 hetosterads of normal men
and women 1s shown i Table 1 Though a change m exeretion

s seen m old age there 15 no sigmficant difference between
Young men (mineteen toforty’

Yand young women {twenty o
to thirty five) or between old men) (scxznt) to eflgh?; 3.«4?:)
and old women {seventy four to eighty five) in total cxcre;mn
or m the excretion of any single component 1In the younger
bge group the total « 37 hetosterord excretion 1s 8 3-10 6
r‘:\;:‘ P(:\;zr daw Ofthus 8 -3 ~ mg are present as androsterone
2 9 wg as mtwochohinSaol17oue 0 o 7 mg as
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and Sandulesco, 1916) the digitonin non preaypitable {or a )
fraction of the ketomie extracts was obtmmed by the method
of Butt, Henly and Morris (1948) Tins fraction was dns
solved 1 benzene and analyscd by a quantitatine paper
chromatographic techmque which has heen described w

Hept PG

s Recc ery
& Hatome extract s
Res anrE:[mmte‘ Aol:q “ 2 EE&’ [Residue ¢ 10F
11 # Eko
i1 K And s

PG 48 brs

L
E Andmst +AP00 Elute, ondize 5 hrs & 9 11~ Ependde
Androst perbenmoic acid Androst

4 . |Eho+ Elute, oxiduze 48 hrs € 911~ Eporde
A% Eho perémom aad Etw
Hept
er e
Hept =PG 24 hrs.

Androst « A9 Androst
1 I
18 hrs 4]
AL yndrostone 1T ora
38 Chtofo-p3- p2ord
Androstene 17 one

Tio 3 “Scheme for quuntitatine paper chromato raphy of
o hetonie urine extructs

|

deta:l (Rubin Dorfman and Pincus 1054) A briel summan
of the anah tical proccdurc 1s shown in big 3 An shquot of
the extract 1s chromatographed 1 the heptane props len
glycol system giving discrete zoncs of androsterone and
retiocholan 3a 01 17 one  Ihie materials whose mobilitics ot
paper are more rapul than that of androsterone (hoth clnent
material and matenial cluted from the paper strp distal to the
androsterone zone} arc rochromato,raphed m the hoptane
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pheny! Cellosolse system to resolve androst 2{or 3) cn‘la'
one {which anses from "ndrosterone durning the acid hivdro
Yysis of the unne) 38 ehloro androst o en 17 one and the
acetate of etiocholan 3a ol 17 one  {11) wiieh 15 formed
to a small extent durmg the Ciurd reaction  The
androsterone and wetiocholin 8a ol 17 ane 7ones are cluted
and owdized with perbenzoie aeid  The oudation products
are rechromatographed and the 911 epoxides determined
These srose from the 118 hydroxy sterods wlieh were
dehydrated dunng hydrolysis Chromatography for 72 hours
in heptane propylene glycol of another alquot of the
extract of of matenal eluted from the paper stnp in
the area between the shocholan 3a ol 17 one zone and the
starting hine resolses the 11 heto compounds The compost
ton of the fraction called residue 1s not yet fully deter
mined Preliminary studies mdicate the presence of pregnane
32172 diol °0 one and possibly of allopregnane 3a 172 din}
20 one These two compounds may be dispersed over an arca
wcluding the zone for the zhiocholan 3 ol 11 17 dione and
therefore the ation of that [ d my be some
what high A few studues indicate that between 8 and 20 per
cent of the Zimmermann value for the wmtiocholan 2a ol

11 17 drone zom my be due o the presence of the 20 hetn
compounds

Results
The duly exeretion of a 17 hetosteroids of normal men
oand somen 1s shown m Table 1 Though a change 1n cxeretion
1s seen 1n old age there 15 no significant difference between
young men {nincteen toforty)and young women (twenty one
%o thirty five) or between old men (seventy to eighty eight)
and old women (scventy four to e i everet,

1gbty five) in total exeret,
o1 in the exeretion of any single (:r.xmponent o

In the younger

';ﬁc group the total a 37 ketosterond exeretion 13 8"}—15 G

grr x;crda\ Ofthis 3 0-3 Tmg are present 1s androsterone

- 9 m, s mbocholan 32 o1 37 one 0 667 mg as
g
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androstane 8a 118 i} 17 one © 2-0 3 m,, as androstan 3a
o 11 17 dione 0 24-0 33 mg s tiocholane 3a 118 el 17
ot and 0 41-0 92 mg as =mtrorholin 3 ol 11 17 doue
These figures are m agreement with Dobrner (1923) except
for hocholane 3a 118 diol 17 one excrehion

1n older people the total excretion has fallen to 3 2-3 §
mg  Androsterone and swtiocholan 32 0l 17 one have de
creased to 0 6-0 8 and 0 9 respcetinels  The detreases
11 oy genated steratds were less severe Androstane Ja 118
di01 17 one excretton Was 0 30-0 37 m,,  androstan a ol
11 1~ dione excretion was 0 1 my  setiocholne 3a 118 diof
1Tone wis 0 2 g and ztiocholan 3a ol 11 17 dione was
0 °1-0 23 m, per day

Only three men and tbree women 1 an wtermediate a.e
grouplhifty to fifts sesen) have been studied Though it would
appeir that the decrease m 17 hetosteroid exerction m the
men appears only with more adyanced nge the impression s
erroncous  The Iugh standard error for the male group
mdicates the wide variation and 1w fret one of the male
subjects had a 17 ketosteroid excrction which was double tht
of the mean for the vounger men  The other two men showed

the same degree of decline wineh may be seen for the women
m the middle aged group

Discussion

Since sen and women of the same age group differ only
shghtly from each other 1 the excretion of any of the urinary
@17 hetosterald components studied 1t appears that the
contebattan of testosterone to the unmary 17 hetosterods
s small s quantity nd therefore its production 1s relatn ely
small quantitativels Esen thus small quantity however 14
sufficiently  greater m androgemerty than the androgeme

sterods of adrenal otigm to det
g erminte the structural
\’u\\‘t\\b\m\ Gifferences betw een male and female el and
0(: s‘shu“n ke 1 s hhely that the punapl pathway
o nx:x ;mocurtlr-al s‘termd biosynthess 15 from the 38 O 45
cture to the 4* B hetones erther Cy, or C,; and that 11
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17, and 21 oxygenition take place after the consersion to
the 4* 3 ketone  Analyses of uriary 17 Letosterod excrction
m subjeets with adrenal hyperictinity have led us to the
conclusion that those syndromes are due in part to imbalinces
mn the concentintions of the various biosynthetie enzames
(Rubin ¢z al 1954 Dorfman, 1954) It 15 ako posuble to
discuss the variations from the voung normal pattern wiieh
arc scen 1n old age n terms of the same enzyme systems

In old age androsterone and retiocholan 3a ol 17 one
exeretion are deereased to about 20-30 per cent of the young
adult level wlile 11 ovygenated 5 compounds are bhung
exereted at about 50 per cent of the younger value and 11
ovygenated 58 sterowds at about 60 per cent  Lherefore we
must assume that the enzyme systems converting cholesterol
ncetate, or other precursors to dchiydroepiandrosterone are
the enzyme systems functioning at the lowest level m com
parson with those of youny adults  [lns would account for
the low excretion of 11 desony Cy, steroids  1he conver 1ot
from 4°38 0l to dJ* 3 ketone and the 11 oxygenatng
function arc less impaired and such dehydrocpandrosteront
as 1s formed 15 converted readily to androst + en 118 ol 317
dione  (,,; sterowds are also bemg formed and ovy renated at
C 11 relataively elliciently as shown by excretion of two thirds
of the normal vouny, adult amount of 11 oxygenated of
sterotds

Ihe connection between the indieatcod changes in production
of individunl adrenal hormanes and the stans and svmptoms
of old age has not vet been established Lo this end, a study
has been started at the Waorcester I oundation, m collabors
tion with Dr T rie Bloch and with Dr Harry 1reeman and
the rescarch stafl of the Worcester State Hospital, in which
twedse elderly menarc to be gnen for many months sterondy
cilculated to restore the urinary a 17 hetosterord pattern to
that scen in youngs men  Concurrently perodic tests ar
mde of recent mamory as an indey of mental function and
of weight It abihity s an indes of muscke porformance
Ihe duly sublimguil dose of steratds comsists of wm, of
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¢estosteone 5 mg  of androst $ene 31117 trione (adren
osterone) 7 tag of cottisol acetate and 2 mg of pregn §
ene 118 21 diol 3 20 dione {cothicosterone)  On this regime,
the mean total 17 hetostermd excretion nereased from 8 5%
0 $mg per twenty four hours to Ta 8+12mg Theunnary
exeretion pattern has 5o far been determned for only one
subjeet 1t 15 shown 1o Table IT Total 17 hetosterord excre
tionwas 21 81g of which 9 mg were androsterote, G 6mg

‘Table 11
Lpsvany 8 17 herosrrnord DXCRENoN oF & SVENTY Srves Y gan G
Max TREATED WiTi STEROIDS #

g 24 hos

Tre trestment total 17 hb 42
Treatment total 17 h 21 8

Androstetrone 0

Etioe} olan Sa-ol 17-0ne 26

Androstane 3 13p-dio] 17-one I 0%

Androstan -0l 11 17-ione l 022
#tocbolane 2a 3180l 17-0ne [ 014
‘Bhiocholan 3 -0} 11 17.drane \ o8

TalyS W gk Dose =30 me Testontero ¢
= SmE Adre ostero
= Tmg Cort sl

= 2mg C rucost ro

vere ztiocholan 3a ol 17 one 0 $mg wassndroviane 3a g

diol 17 one 0 22 mg was androstan 3a of 11 17 dionie 0 14

mg was ztiocholane 8a 118 drol 17 one and 6 58 my was

;:lochcshn 320l 1117 dione  The total 17 hetosterords and

e 11 desoxy C,, sterords e higher then the mean for
3|m.mg men but within the range for young men  The daly

‘:;ts:‘ o\f‘ (!c ‘t:‘mermm v apparently too fugh  The 11-oxygen

by Toiis spprovaimate soung normal values althou h

12 1L-oxvgenated androstane demvatives are rather )ohn
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Apparently the daily dose of adrenosterone should be twie
as great, or the steroid admmistered should be androst 4 en
118 ol 317 dione, which was demonstrited by Rominoff
Hudson and Pincus (1953), to be the steroid produced by the
adrenal gland  This fact was demonstrated after the estab
hshment of the experimental regime for this study It s
yet too early m the study to make a statement as to its
probable outcome

Summary

Quantitativ e studics hate been made of siva 17 hetostermds
1n the urines of norm1l young, men and women (aged mincteen
to forty) and of normal old men and women {aged scventy
to exghty eight)  Ihere 15 no significnt diffirence w the
exerction of any of these compounds between men and wonen
of the same nge group  When the exerction of the steroids
by old men and women 15 comparcd with that by young men
and women 1t 1s found that androstcrone and wctiocholin
8a ol 17-onc exerction arc decrensed to 20-30 per cent of the
values for the vounger group while exerction of 5a 1l
ovygenated stcroids 15 50 per eent of that of the younger
group and excretion of 58 11 oxy genated sterouds 1s 60 per
cent of that of the youngcr group  If this dilference be dis
cussed 1 terms of those adrenal enzyme systems 1my ohved
n converting cholesterol acetate or other precursors to the
steroid hormones, 1t would appear that the enzyme sy stems
functioning 1 old age at the lowest leyvel 1 companson with
hose of youny adults are the ones wlich convert the pre
ursors to debsdroepiandrosterone 1he conversion from
4% 38 hydroxy to 4° 3 hetone and the 11 oxvgenating func
tron are Iess mpured €, steroids are alvo being formed and
ovygenated at C 11 rddativedy dhiciently Tis s m agreement
with those studies whieh have demonstrated o grooter
deerease with age i total 17 hetosterord ¢xeretion than m

corticosterord exeretion
The signtfic mce of this finding with respuct to the signs
and symptoms of old agc ts a subjeet only for ape culation
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at the present hime buta study 15 10 progress M which rcccn‘t
memory and muscle steength tests are being taken atntersal \‘
Uy 8,ed men on a regime of sterond admimsiration desy, ned
to restore the unnary pattern to that of normal soun, nen
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DISCUSSION

Tunbrd,e Dr Freeman would you lhe 10 elaborate Dr Rubins
fist remark?

F eenan e gate 15 subjects a placebo for one month and then the
potent medication for a penod of five months  The strenzth test
consisted of kit 5 1h dumb-befls one oneach arm from the side tothe
Teved of the shoulder 20 times 3 unute unhl the mdividual was Lred
out Flus s & erude test 1t 1s somewhat subjecine somewhat objectne
On the other hand you conl dn t ifford to exhaust these peaple completely
and have them pass cut, Then there was a steadwess test i wiach thev
keld a rod 1n a hole an if there was a tremor an electrical contact
would be made ‘There were a senies of holes and at the smallest hole s
which they coul get a certain percentage of vot touctung the edges we
Tan off a series on that particular hole L here were psychologieal tests~—
anthmetw remony mazes and we aba fad bram wases but these
havent been rted on yet  The psychalygical tests showed
sbsolutely no change from beégmmng 1o end if anviiung there was a
slight decrease 16 memory quotent  This may be due to the natural
@, of the mdividual and we will hate to check this by running a
Flacebo group far this whole time preferabls two groups one recerang
the placeho and the other the patent medication with the 1n estigator
nu;\ knowang which was which, Howeser thiere 15 the possibiits that 1
u'.trger number 1f ttus memory defeet persvots 1£ may he on plarming
phetomenon Steadiness was not affected at allApparently tins 1 3
“mf‘lr ependent on integratian of the central nenous system rither
s m,llscu!.\r actity  The general muscular strenath howerer was
mmte ly sproved starting off at a contral lesel of Si1xty seconds ani

'8 VP iR one month to eighty five secands and then to sbout niety
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ut twno to three months mincty fne m four months and stivng, at tat
Ievel for the fifth month—an 1acrease of nbout 64 per cont It p as be
that thys group was & sefect group of very well proserved men and with
a Jess well preserved group you nught get more on the peychiokyied
side Idont know

Tunbridie lhere 1s some work, I believe, to suggest it when ofd
people arc hept immobtle there 1s n difference in exerctory values from
when they are mobile and fetive Youve nat done any studies on
people 1 bed e you?

Jiubin Most of our subjects do Ive 1 an old peaple s horae, but they
are not bedrtdden

Tunbridge ‘There 1s evidence from fracture cases for what it s worth
that the leved when they arc outside Joving m the country for example
farmers 1 notsoJow  When we bring them in after a fractuee the levd
drops Jower than in your cases

Rubin Bt with fracture ¢ ises vou arc runmny into the stre § futer

Olbrich 1fow do you exclude the merese 1 muselc steength by duth
exeruse?

Ireeman e streogth test 1s ondy run onte a moath so that oo
prictce effect at all  Lhcre was one sessson ab the begnning of the
placebo penod and one at the cnd uid the mean of e of the two
tests was within a second of the ather

Otbrich Antd whit was the mterval for the momory st

Lreeman 1hnt was done in & conteal peerod aud theee aad fise pronths
altcr the il fevel

Comfort Did they have subjocting effects ather dar,, the p weho
period or during, the medieation?

Ireeman 1 believe the phiccbo perind was ton short  During the
medication poriad some sad they felt better and there wese wnnylog
reports of mereased or decreased unmation The gencral report by the
majority was of not feeding ao ticed [ wauldn t trust this unles Fronn
grroups on plicebos where the mv estigator didn t hnow which was which
1 here have bieen an mcrc asing, number of reports on the fect of pl iecinm
on pan and hendachic [ hcliese that i arthestes st has boen shown thit
25 per cint of eases show some tmproscnent on placehoy

AMicscher Ve spohe Vesterday abiout the sitality fuctar Do you think
that by g testosterone there is mprovement of the phy siond satakly,
but not of the psychologheal one  that the two don ¢ run piratiel?

2 reeman Apparently not o this short pordod of time [ t know
whether a Jonger penod might show anytlung but certalaly omver 8
hse month pertod 1 which the hormone output was facnnsed four 1o
thve tunes on an overape nothig happoned psschiofogbo tly £ was judt
an tffeet on their physical weldd being but that 5 nl}

Lecrs T hink it is msh 1o rysume that thic s n test of muscubir
strongth It enuld cqually be eegurded as n test of endurne € and
0 Connor and fazard formd for cxample in ddfectives that ifvou gne
a fest of this type people s chnge i thede cadurme awd eonse
quenth In therr acducvement  Lhoy carry out the porforisace s anl
more cllectively as their standard rises or ay thes learn what they
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acuered the last tme and A tompron on W ELanay Justas bhely b
test as a physical on

) ‘i’iff:’.‘,‘;""%‘h 18 cmedpA’: » matter of fact these people duln t know

what thew particular endurance was

Parkes Bt Rubin 1f you bad a sample of uae gren  you  could you
tell mith certanty wg\e\her 1t camee from an old or 8 joung
old or young woman

Rubl)n \gt with certamty because as I pownted out thenlz :;ncs :nl:: t?‘(‘;cf
man of fiftv two who had a level which was twice that o £y

the young men  But I was very much surprised at his result 1.3

oung ones range from @ total of 5-6 me to 18 or 20 whereas the older
}’eople will range from 1 9105 1f that Thereis occasionally anoverlap
But the values i our charts show standard error_not standard deviation
and there 13 & sigmificant difference between old and young people vn
that basis

Parkes But not between male and female?

Ruban No

Arohn Mus Rubin about the precursor of all thiese hormones you
54y W van be either cholesterod o seetate These two substances seen to
be so different chemically that I do not sce how you fmazmne any
patticular enzyme system coping with both of them

Kubin Y was very careful to hedge about that Dr Iechter and v
goup are at present engaged on perfusing adrenals with ssnous
precursor substances bt the whele tlung « very much {n o state of
fux Ican only say that the major block seems to be m the production
of dehydroepiandrosterone

Krohn lfave you any wnformation about the response of these old
people to ACTH?  Are they perhaps leading a less exhisusting and
stressful bfe and would they respond to & standard dose of ACTH
exactly the same way as the younger people?

Rubin Ve did some work several years ago when we gave 2u mg
ALTIT a day to vamous age groups and se couldn t show any dilference
either 1n total exeretion or m individual patterns Ve couldn 1 demeon
strate any great Tesponse to the dose of ACTH at any age It mav be
that it should have been given by conlinuons mtray enous nfusion

Shoch We carried out studies on thus subject 1n our laboratory some
3€ars g0 both 1 teyms of response to a single dose of ACTH® and also
Ahe metaholie responses to continued admimstration over a pertod of
#1¥ weeks 1t observed our subjects on a metabolic balance regime
throughont the entire penod Balances for matrogen Ca P Na b wte
wereall followed. Although we found individual differences \n responsiy ¢
vess to the continued admmstration of ACTH! they were not related to
the age of the subject. We were very disappointed

Medawar Why 40 you call that a disappomting result? Tt seems 1o
e an sntensely interestiag on of perhaps fandamental character
ock WWell 1t w33 disappamting, because at that me which ws
, ;lmnov I aniShork N W (19,0 Ceront 5 203
nean L E. Sofo
Shot, & G (oYY DM Rowsberg LI Nachols WP ant
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in two to three months mnets bve 1 four months and «tavn,, at that
Ievel for the fifth month-—an increase of nbout 64 per cent It ma
that this group was a select group of very well preserved men and with
a lees well preserved group vou nught get more on the psiehologica
stde I dont hnow

Tunbridse There s some work I believe to suggest that when old
people are hept immobile there 1s a differcnce 1 excretors values from
when they are molile and active  You ve not done amy studies on
people tn bed hase yvou?

Rulan Most of our subjects do Iine 1 an old people s home but they
are not bedridden

Tunbridge 'There 15 evidence from: fracture cases for whatats worth
that the Jevel when they are outside lining in the countny for example
farmers 15 not so low  When we bring, then in after a fracture the vl
drops Tower than in your cises

Lubin But with fracture cases \ou are runnin,, mto the stress ficter

Olbrich Tfow do you exclude the mere e m mascle strength by duly
eseree®

Ireeman The strength test 1s only run once a month o there 1y 10
prictice effect at all  ‘Ihere wis one session at the be mmng of the
plicebo period and one at the end and the mewn of exh of the two
tests was wathin a second of the other

Qlbrich  And whit was the interval for the menors test®

Freeman That was done in a control period and three and five mon
after the wtial fevel

Comfort Dt they have subjective effeets either dunng the pliceho
period or during the medication?

Freeman I believe the plicebo period was too short  Dunn. the
medicition period some said they felt better and there were vaniig
reports of increased or deereased unnation  The general report by the
majonity was of not feelin,, so tired T wouldn t trust thus unless Trna
group on plreebos where the inyestigator didn ¢ know siuch was which
There have been an 1nc re 1, number of report on the effect of pliecbes
on pun ond head whie—TI believe that 1n arthrtis it has been shown thit
25 per cent of ea es show some improyement on placebos

Miescher Ve spoke vesterday about the vatality factor Dorou thak
that by giving testosterone there s improvement of the physical vitahity
but not of the psychological one —thst the two don ¢ run parallel”

Freeman Appirently not for this short period of time  I'dont know
whether a longer period mught show anything but certunhy over u
five month period i which the hormone output was increa ed four io
five times on an averige nothm,, happened psychologiells It was Just
an effect on their phiysicil well being but that s all

Leus T think at ts rish to assume that this 1s a test of mu culir
strength 1t could equalls be regarded as o test of endurance  Cordon
0 Connor and Tizard found for exumple 10 defectives that af you e
a test of this type people may clinge m their endurinee and con €
ontly 10 thetr acluevement  Lhes esrry out the perfornunee more and

\LC
glom effectively as their standard nses or as they Tearn whnt they

thy
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TISSUE TRANSPLANTATION TECHNIQU
APPLIED TO THE PROBLEM OF THE

AGEING OF THE ORGANS OF REPRODUCTION

P L hrou~ BA BYM BCH
Department of Anatomy Unreersaiy of Birman ham

Tyt wterpretation that 15 attached to the word “agemng
depends verv much on the particular tissue whose cells are
ageing 4n mdn idual neurone in the central nervous system
for example may dnide by Mitosis until the end of the first
vear of hfe 1t may inereise 1n size later 1 hfe and it 1s abso
capable of regenerating a new piece of fibre if its axon 1s cut
An unknown proportion of such cells dies as time goes on
but seerningly none of them are ever replaced The compon
ents of other hissnes such as skan or the epithelum of the gut
are contmually bemng rephiced and the cells that one sees m
an old ammal are therefore not old in the way that neurones
are old for they may just hse been formed by the most
recent of a series of cell divisions which stretch back nto
ehildhood and eather  Poth tissues e aged but the
mdividual eclis that male up the tissues have not both aged
n the same way

Other types of specialised tissue e g the mamman, gland
or the uterus undergo eveles of actity durng the hfe of an
wdividual The eells gron mnture funchion become atrophie
or serule and then after an mterval for recuperation may
repeat the series of changes  The functional capacity of the
frvsue alters as its expenience of stumulation by hormones
mereases with each evele of actnity  For the mammary

+Jand thus 1s demonstrated by the nerensing amount of milk
which 15 produced n successive lactations  The previous
eipenence of the uterus to hormene so conditions its
subsequent sensitssity to further stimuli

m
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when ACSH fint reared 1ts ugly head there was considenible clhinteal
optnton that older indi idualy responded 2o stresses of v rous kinds loesy
elfectively than the young and presuming thnt ACTI represented 2
phy stological stimulus to the adrenal corten st was thought that ore
ought to sec diffcrences 1n response to a physaloteal stimulus

feubin 1d Ihe to point out once more that in these old people the
11 onyvgenated 17 hetosterotds whieh come from the Cpy sterods were
not nearly so markedhy decreised as those reflecting €, sterord pro
duction they were still exeretin,, o0 60 per ecnt of the voun,, sdult
level of 1% hetosteroids conung from Cy, sterords though the total
17 ketosterond excretion was down to 30 per cent reflecting the greater
decrease of the non 11 exsgenatad sterods I thmk the phy siologienl
tests of metabolie response of which Dr Shock speiks would be due to
the 11 onygenited Cy sterowds so one would not evpeet o marhed
dtfference 1n youny, aud old subcets
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dosely telated embriologieally  the ovary mav undergo
considerable hy perpinsia 1n utero % tuch 15 followed later Ly
degeneration and regressioit

Mor, numerous papers emphasize the consirse finding
that the voung postmatal ovary of ianous cxperimental
snmals s snsensitive to hormones  Absolute insenstvity of
the ovames of four weeh old rabluts has been reported n
Hertz and Hisas (1934) and Pathes (1043) hns shown that
femate rabnts do not respond to & gonadotroplun preparation
from horse pitwtary glands until they weigh more than 1 8
Lg  Adams {1998} reports that ten wech old rabluts are
insensitive to a sumilar type of pitwitary extract whatever
ther neight Their capacity to respond increases rapdly
dunng the next tno weehs and super-ovulation can he
acluesed when a rabbit 1s three months old  The ova which
are released can be fertihsed but fail to deselop in the immn
ture ammals not bowever because the ova themselves are
inadequate but because the necessary uterine conditions hate
not yet been achiesed  The ova will deyelop fully 1f they are
transferred to the uterus of a mature host

The duration of this early phase of absolute snsensitavaty of
the ovaries varses considerably from one species to another
1t appears to be very short m the rat (Price ind Ortiz 1933)
and the young herer “Marden {1901) has reported that a4
three weeh-old calf will respond to 1njections of gonadotro
rhin at least as well as an eight to elesven month old eall On
the other hand young female monkeys are msensitive for
relatnely much longer  In general the mterstitial tissue of
the ovary responds at an earlter age than does the follieular
appraty wiieh scems to grow slen)y but autonemously
until the str ¢ of antrum formtion is reached

(b} Changes af puberty

In some speeses the pitustary Tand contans gonadotrophin
e before the ammal 15 born  The hormone grluall
accutaul es 1n the pland as the age of puberts 1 nppmw(he?l
(Lawson € olden and Sey ennghaus 1939) but none 1 released
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The ovary 1s a composite organ, some of whose cells undergo
cyche changes sumihir to and an fact responaible for the changes
tu the mammary glands aud uterus  The other mawn group of
cells the oocvtes may, as will be seen Jater behave mather
Iihe some newrones  Thar hfespan may mdeed rival that of
neuroncs, although the chance that any pirticulir ecevte will
survive as long 1s much less It 1s about the age changes m
the ovary and the ways m which the methods of tissue trans
plantation can be used to studsy the changes that Twish te
talk today

The Life of the Ovary

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

(@) During intra uterine lfe and before puberty

A discussion of the process of agemg m the ovary cannot
he restricted to the adult or old organ but must also consider
the changes that take plece during the prepubertal penod
The ovary ean indeed be permanently affected by ats hor
monal environment vers cirly m intra utcnne hfe It
generally believed for instance, that the oy of the fixe
martmn lemale eattle twin develops abnormalhy beeause it
affected by the transplacental passage of hormones from its
brother The gonads of a {eetal fonl may at one stage, be
twice the size of the ovares of the parent (Aworowo and
Rowlands, 1951) This enlargement due mamly to annerease
m the amount of mterstitial tissue 15 attrbuted to the effects
of astrogen rather than gonadotrophin beeruse it occurs
during the latter part of pregnaney when the serum gonad
otrophin levels characteristic of the earhier stages hmve fallen
and beenuse serum gonadotroplun docs not cross the placental
membrane Bacwuch (1948 1930) has domonstrated regressne
changes m the human ovary just After birth wineh he re fates
ta the withdrawnl at the time of delwery, of 2 lormonal
otimudus  Tike the ndrenal cortoy therefore to whduat s s
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clear nor 15 1t certam for how long mto old age the wneresed
s of gonadotrophin continue

“\;‘; l: gcegrtamly re?xsonahle at first sight to heleve that the
menopause dev elops 1n women because the ovary 1s no longer
capable of responding to gonadotrophin but the evulence
on this pomt 1s not very strong and even contradictony
haurzroh and Smath (1938) found that the response to treat
ment with a pregnant mare serurm Lxtract pradually deerensed
as the age of the patient inereased  The ovanes of two women
aged sixty three and sixty sixdid not respond atall Westman
(1934) on the other hand believed that he restored ovaran
function 1 two women aged fifty one and forty exght who
had stopped menstruating by giving them transfusions of
blood from pregnant women wlhich contained sn anteror
prtwtary like gonadotrophin  Svaldever (1934) m a enticism
of this work desenbed seven menopausal women in whom
ovanan function apparently restarted after an nterval of
four or five years without any treatment and referred to other
reports that regular menstrual periods may recur seven or
even mne years after the menopause  Waldeyer also quoted
the work of Tschertok and Penhow who trented seven meno
pousal women with extracts of pregnancy urine unsuccessfully

The disappearance of ova from the ovary does not necess
anly mean that the post menopausal ovary 1s an entrely
wert organ {see Wallart 1942)  Woll Hertig Smuth and
Jahuson (1848) also believe that the stromal elements may
become hyperplastic as a tesult of stimulation by pitmtary
gonadotrophun and that the oceurrence of carcinoma of the
uterus ean be correlated with such <hanges

As far as 15 known no such abrupt menopause oceurs 1
other species but the wformation avarlable is extremely
scanty - exther because the amvmals die oo soon 1n their

natural habitat or are killed too soon for economic Teasons
Information about the re

producty e hife in apes and wmonheys

1 hesmcm\\) lackwg  fuckerman {1047) describes a baboon

which was fulls mature and menstruating 1n 1929 and whuich

was 5\\\\ mENSIUAtmg in 1947 (The animal 1 stall plwe and
Y

1
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At puberty the material which has been loched up i the
prtuitary 1s set free to act on ovaries which have also beeome
progressively more responsive  Ihe process which triggers
the mitial relesse 1 howeser, ltogether unkunown 1 Rallss
(1929) 1s correct, the immature gonads already hold the
piturtary n ehech before puberty  Ife found that a 15-20 ¢
rat 1n parabrosis with 4 castrated immature rat of the same
weight rapidly came mto cestrus  Kallas believed that the
absenee of the gonads m one parabiont allowed its pitwtary
to release gonadotrophin which stimulated growth i the
gonads of the other Yie now hnow, however, that the
non speetfic stress of surgteal operations may be suflicient to
mduce precoctous puberty (Mand! and Zucherman 1931)

(¢) During maturily

The reproductive processes continue to mature after the
first pregnancy and maxmmum cfficiency, as determmed by
the number size and development of the mdividual feetuses
1 not renched until several pregnancies have oceurred  This
15 true both of laboratory and agricultural ammals  Not only
arc the number of ovulations mereased (either because more
gonotrophm 15 bemng secreted or because the ovares re
more sensitine) but the mtr: uterme conditrons evidenthy
become more satisfactory smee the indnvadund fatuses we
larger as well ns more numerous

(d) The end of reproductive life

The manmum reproductive eapacity 1s mantuned for
severnl pregnancies before 1t begins to dechine  The most
dramatic and rapid change 1s seen 1n women when the onsct
of the menopause with which 1s associated & decreased
production of sex hormones and the disappearance of oocytes
from the ovaries mdicates the end of the child beaning epoch
Whether the mncreased amounts of gonadotrophin eirculiting
1n the blood and urine at thus time represent extra produetion
by the pituitary or decreased utilisation by the gonads 1s not
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clear nor 1s 1t certain for how long nto old age the ncreased
titres of Lonndo!mphm continue
1t 1 certainly reasonable at first siht to believe that the
menopause develops 1n wemen becouse the ovary is no longer
capble of responding to gonadotrophin but the evidenee
on this pomnt 15 not very strong and even contradictory
Aurzroh and Smith (1938) found that the response to treat
wment with & preghant Tare serum extract gradunlly decreased
s the ape of the patient mereased  The oraries of two women
sged srety three and sixty six did not respond atall Westman
(1994 on the other hand behieved that he restored ovanan
function 1n two wormen aged fifty one and forty eight who
had stopped menstruating by grng them transfusions of
blood from pregnant women which contamed an anterior
prmtary hle gonadotroptun  Waldeyer (1934) 1 o enticism
of tius work described seven menopausal women in whom
ovaran function apparentlv restarted after an interval of
four or ive years without any treatment and referred to other
reports that regular menstrual periods may recur seven or
esen mine years after the menopause Waldeyer also quoted
the otk of Tschertoh and Penhow who treated seven meno
pausat women with extracts of pregnancy urine unsuceessfull
The disappearance of ova fram the ovary does nat neces)s
anhy mean that the post menopausal ovary 15 an entirel
nert organ (see Wallart 1942} Vol Hertig Smith };
Johnson (1818} also beheve that the stromal :\ements :\m
became hyperplastic a» a result of stunulation b -
conadotropt latian by pitutary
phin and that the oceurrence of careinomn of the
“\;\':sfcan be correlated with such changes ° ©
ar as -
other speamc;s Il\)::':w:;u:\omsf‘o‘ﬁ‘n ::rupt TNENOPause OCCUTS M
scanty ether becanse the ammi? c:lt.:u!ablc 15 extremely
natural habuat or are halled too o Toroooon I their
Information about the reproduct :Olc‘n Tor economuc reasons
1 especaally laching  Zuckerma; N )5; iy upes and morheys
which way Tully mature and me: nt( 47) describes a baboon
was still menstruatig v 191 Cepung 10 1929 and which
srna 2107 (The ammnl 1s sbll alive and

n
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menstruating at rather trregular mtersals n 1955 Whether
1t 1s osulating or not 1e unknown ) Another babonn sho
menstruated over a period of at least fourtecn vears  \ mon
key m the Birmingham colony acexdentally died duning preg
nanes at an age of fourtecn to fifteen and other sp1ved
ammals which are being uscd to compare the scnsitivity to
hormones of the uterus 1n vouth and old age are now approu
mately twenty sears old  The only other information 15
provided by Hartman (1938) who mentions that lus colom
of thesus monkeys contamed two ammals which reached the
ages of etghteen and seventecn before they died  Both were
stil menstrunting but they had not ovulated for the preceding
three and one and a halr years respectively  Smee the
menarche occurs at about the age of four, these fragmentary
observations suggest that reproductive Ife m monkeys may
last for as long as twenty years a period winch probably
represents a greater proportion of the total ifespan than docs
the phase of reproductive Iife i women

Strain differences in the rate of changes with age

The rate at which reproductive function comes to an end
seems to vary considerably even within a single spectes
Tekete (1958) has deseribed the Iistologieal appenrance of
the ovaries of different aged miec from eight mbred strains
Her observations are only qualitatine but they show for
mstance that the number of follicles 15 noticeably dimmishng
in mice of the RIIT and C57 straws when they have reached
the nge of eight months, wile simular changes have not tahen
place in the C3H strain at thirteen months of age Loeb (1948}
also provides qualitatise iformation about mter stram
differences m the number of follicles and m the lustologienl
appearanee of other components of the oy aries of mice

Some similar observations have been reported by Wolle
and Wnght (1943} for two strans of rats wlich at equal
ages, differed not only 1n the relativ e proportions of the cel
types m the prtwrtary but also in the numbers of norm1l and
atretic follicles and of corpora lutea However, Wolfe and
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Wrght only counted folhicles oner © 3 mm wn diameter and
{herefore omitted sll the smaller fofiicles w tueh mahe up
90 95 per cent of the total populition

The Age ot Ova at the Time of Ovulation and the
Problem of Oogenests

1t 15 becoming inereasingly clear that the age of the mother
at the time of ovilation may affect the future charnetensties
of the offspring 1n all sorts of ways Since mst of tht evidence
branng on this pant has been brought together m 1 sympos
1um organized by the New Yorh Academy of Sciences (1924)
there 1s no need to do more than mention a few examples
“Fhe tncreased risk of giving birth to a Mongol einld when the
Toother 1s more than forty years old has long been recogmsed
The defect whatever 1ts cause seems to be related to the 1ge
of the mother only and not to the number of pregnancies
that she has had  [he chanecs of finding a wide rmge of
embryologieal defects and the susceptibility of ammnly to
neoplastic disease are also related to the age of the mothers
(Stron,, 1901 Law 1904)

The relative symificance of on the one hand the ngong
avum m the ovary and the agemng utenne environment on
theother cannot yet be decided 1t remains important there
fore to determine whether the ovum that 1s fertibsed showuld
bere,ardedasa oungoran old eell  We are thus led immed:
ately to consider the problem of oogenests which has formed
one of the major pomnts of controversy among reproductive
Physiologsts for a very long time °
th’{“nz ;’;::Zedl\d:ﬁ;ﬂy ;}\:;\\ %l&dm\ etakenit i turn to become
endoncd durng o older view 1s that the ovary 15
o ring embryonie development with a fived number
o ?e:n 0T \;\l germ eells from which the oocytes subsequently,
“l'l\h(‘{:um N Lcic; cells arc ot dermved from the germimal
Vefore barth ";um;il;sa:‘l:’v; 0}\’ aryrdbur Taigrate to the ovary
durag wtea wtenme he Loy }) ordinary mitosis may occur
bl from 1) a5 come to an end soon after

then on the ot ary merel:
y uses up the matcnal
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that 1t alrcady contruns  If thus view 1y correet then the hie
span of an evum may approach that of 4 neurone and one
mught expecet that an osum which was fertthsed whena woman
was ughteen vears old would behave diffurenthy from one
that was fertihsed when she was forty years old  Ianongs
(1954} demonstration in ratifers that the hfcspan and repro
ductn e eapaeity of the offspring are greatly influeneed by the
age of the mother may well turn ont to be relevant m the
conneefion It 15 belicved that n fived number of future
oocy tes are mncorporated mito the ovaries of these ammals
durmg embryvologieal development and thnt no further
formation of coey tes takes place  IHence, the hfespan of the
offspring depends directly on the length of hfc of the mdnduad
ovam before fertilization

The alternative view which has become more popular
recently 1s that there 15 a contrmious process of destruction
and neoformation going on 1n the ovary throughout repro
ductive bfe It derives to some extent from the feehng that
the signs of actne atresia arc so evident m histologient
scetions of the ovary that neoformation must also oceur to
mahe up cven partially for the great loss of eells Though &
possible contribution of other elements has never been ruled
out the cells in the germunal epithehum covermg the ovary
are usually thought to be the equivalent of the Inyer of
spermatogonin m the testis and to he respoustble for the
replacement of the ooevtes that are destroyed by atresit
The rates of the two processes of cogenesis and spernato
genests thus become much more similar 1t has been suggested
mdeed that an oy um Iives no longer than ared blood celland
that its ifespan 1s to be measured 1 duvs rather than years

If this second view 1s correct an ovum that was redensed
when o woman was forty would posubly have suffered no
greater age changes than onc released when she was
exghteen and the effects of maternal age on the foctus might
depend mare on changes m the uterme evironment than m
the ovary It would also mean that attempts to prolong
reproductine hie m women could e bised not only on

e P



AcE CiANGES 1% TiF OVARY 140

controlling the destructive processes of atresia but also on
sumulating ontinued dwision 10 the cells of the germmal
epithehum after they have ordmaniy become nactive

There 15 no need to diseuss fully the evidence for and agamst
these twe v1ews snce 1t has been summansed and entieised
1n detatl by Zucherman (1951) who supports the older view
n s summmng up  Two things stand out The first 1s the
extraordinary pancity of reliable eounts of the total number
of follicles 1n the ovary of any species at different ages and
the diffieulty of forming a satisfactory pacture of cogenesis
by precing together a series of discontinuous Instologieal
cbservations  Second neoformation even af it oceurs at all
1 totalh msufficient m women and partly wsufficient in other
animals to compensate for the atresta that takes place

Age changes 1n the ovum

Hascver fong or short the life of an oocy te before its final
maturation may ultimately turn out to be the ovum certamlv
does not go on hwing for very long after ovulation and the
present trend of opimon 15 to reduce even more the interyal
during which the ovum 1s thought capable of being fertihsed
Probably 1ts entire lifespan 15 less than twenty four hours and
even within this mters al the ovum s capacity to develop intoa
normal embryo falls off progressively The work of Blandan
and of Y oung (1953) has shown that 1n both gumea pigs and
rats the proportion of embryos with defects of development
Increases g the time intersal between ovulation angd fertih
sation 13 wcreased The ability of the ovum to become
fertiised 15 not howeser altered 1n the same way The
proportion of fertibsed ova tu the tubes 1s not changed and
l&\ls\m\l) 1n the later stages of implantation and dev cfopment
Tlﬁ :‘h; wfluence of the ovums age becomes apparent

l;: inding applees to cattle as well according to Barrett
(1948) who has studied the coneeption rates in dairy cows
artificrally inserminated at ‘arymg ntervals after ovulatio
'::m:ic‘ obser‘: ;mons mav be of importance in any consxderau:n

& problem of abortion m women since the natural



150 P I Kronwn

mechinisms of astrous behntour wineh ensure mating ouh
near the optimum time m ammals do not operite i humn
bemes

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

1he method of tissue transplantation has been used for the
study of a wide range of brological problems The next part of
this paper will diseuss how the technique has been applied
to the particular problems presented by the agemyg ovum and
ovary  lmally some of the general hazards that besct the
tissue transphnter, the ways of oyvercoming them, and some
cexpermmental results will be described

The transfer of ova

The techmque for the collection of fertihzed oy 1 from the
Iallopian tubes and ther transfer to either the tubes or the
uterus of another ammal 1s now well established and has been
used espeainlly 1in the study of reproductive physiology
rabbits and cons such expermments hy e not usually, howeser
been directed towards the studs of age changes m the repro
ductnye tractatself The method has also been used by Fehete
(1947) to investigate the eflcet of transferring ova from onc
stram of mice into an environment proided by another strun
of mice 1kt work shows for cxample that the eggs of the
two struns, dbvand €57 have about cqual powers of survival
but that the environment provided by one strain 1s more
conduenve to survival than that provided by the other Once
agun, however the work was not direeted tow inds the study
of age chnge but it mdieates the poteptinhties of the method

The grafting of whole ovaries
The onset of puberty

Some of the earltest work using ovaran transphntation
was concerned with the fictors which wfluence the onsct of
puberty It was mdecd carried out lang before an nterpre
tation of the results i terms of pitwitary gonadotropbin
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could be attempted  Eoa (1900 1901) transplanted newborn
rabbit ovaries wnto rabbits of different ages One of fus
expenmental groups T winch thelve to esghteen month old
rabluts were wsed os hosts demonstrated for the fiest time
that transplantation into 2 mature environment accelerates
the maturation of & young ovary Thns group however aonly
(ontamed three expeniments of winch two gave posttive
results 1n another group the hosts were five to six years old
and the newborn ovarv never survived the transplantation
Comversely Lapschutz (1920) shoned that the transplantation
of mature evanes faded to induce rapid fernimzation 1f the
bost guneapigs were prepubertal  Other expeniments, which
mdicate that ovaries of newborn ammals develop precociously
when grafted wto older ammals have also been descrbed
By Tipschutr (19%2) Del Castillo (1929) Engle (1929) and
Plerfler (1934) Goodman (1934) May (1940) and Dunham
Watts and Adar (1941) showed that immature ovanes which
a1¢ wnplanted 1nto the anterior chamber of the eye of adult
male and female rats of the same inbred stramn also develop
more rapidly than normal CEstrous cyeles are restored after
only a very shghtly longer delay {tinrteen to seventeen days)
than follows the grafting of adult ovanes {seven to fourteen
daysj In many of these experiments there 1s some doubt
About the final result and D} Castillo for wstance believes
th1t the eestrous eyeles whuch appear in adult spayed ammals
grafted with young ovanes soon disappear agamn  He could
find no trace of the grafts at sutopsy
ffertz and Hisaw (1934) whose work on the sensitivaty of
Young ovares ta gonadotrophun has alreadv been mentioned
grafted four week old ovaries under the renal capsule of
:“cl\c to foutteen week old rabluts  Ten days Iater they
v,\(l%n“c: :;‘?\m:m with ponadotrophin  In f?ur experiments in
graflts took successfully the hosts’ ovaries responded
siormally but the grafts were not affected They mnterpreted
tus absers ation 4o mticate that the falure of the e g‘: Z
£ond 10 respond re rded spearfically 1n th EAY
not mfluenced & ¥ e ovary and was
y conditions 1 the rest of the intact anumal
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It 1snow Lnown, however, that grifts of any age often fail to
respond to a dose of gonadotrophin when the host’s ovanes
remamn wn s, a finding which 1s attnbuted by Lane and
Markee (1941) to differentinl take up of the hormone by the
host glands which retain an intact normal blood supply

The anterior pituitary gland of a young antmnl also
develops more rapidly after 1t has been transferred nto an
adult host Harns and Jacobsohn (1951) found that pituitary
tissue which was transplanted from two day old female rats
to the sella turcica of their hypophy sectomized mother, very
soon functioned Iike a normal mature gland and restored
normal cestrous cycles  IHarris and Jacobsohn also found
that the pitwtaries of newborn male rats werc just as effectine
m producing cestrous cycles in the female host

When ovaries are transplanted nto adult males, howeser,
only follicular development takes place and no corpors lutes
are formed The mature male pituitary apparently fails to
secrete the Iutemizing hormone w hich 15 required for ovulation
and the formation of corpora lutca There 15, therefore, &
functional diffcrence between mature male and fomale
pitwitaries By gonad transplantation studies Pfeiffer (1936)
was able to show that, at birth the character of the hormone
production of the prtwitary ts still undetermined and can be
directed 1n one direction or the other by bringing the gland
under the influence of male or female gonads I'mal determ
nation has normally occurred before the age of puberty, after
which attempts to change the funchion of the gland are
unsuccessful

Pitvitary transplants and the end of activity of the
ageing ovary

Wiesner’s prehmmary observations (1982) indicate that
the ovaries of old rats, unlike those of women, are still expable
of responding to gonadotropluc stimuli, wiich n ordinary
circumstances, the pituitary no longer provides  Compensa
tory hypertrophy after umlateral gonadectomy did not occur
n cither male or female rats which were over twenty four
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conths old and wlich shoned evidence of ponadal insuffics
eney  Ovanan funchion could however be restored by
trestment either with extracts of pregnancy umne or with
gafts of anterior pitwitary tissue THofiman [1931) also
vestored strous eveles m old ancestrous mice by {ransplants
of calf piutary tusue It s evident from the Hlustrations
prouided Ly Hoffman that the ovanes of the ¢ mice al
though atrophie stdl contamed many primordial folheles
whieh could respond to gonadotrophin

If these expermments are vahd 1t would seem that while
the function of the ovary fails before that of the pitmtary 10
women such 15 not the case 1 rodents This mter species
difference 1» further shown by work on the development of

avaran tumours in the agemng osanes of rodents transplanted
into the spleen

Ageing of the ovary and the development of ovaran
turnours

It 15 known that tumours develop 1 osanes that are
autotransplanted to the spleen of spaved rats or mice (Bis
hind and Bishind 2944) The uvsual explanstion for the
development of these tumours is that wstrogen from the
gralted ovary pisses directly into the portal eirculation and
5 desteaved by the Iiner before the hormone can whibst the
stlease of gonndotraphin from the pitwitary {(Golden and
Sevennghius 1938} The imbalance of hormone production
by the pitwtary persists and stimulates abnormal growth of
the praft  While this 1 true for the rat it may not he so for
the rhesus monkey {Van W agenen snd Gardner 1920} or
gunea pt, (Wenner and Hoffman 1920}

1t oy airesdy been mentioned thay the level of circulating
%}un:\do\mphm i Women fises as ovanan function dechnes at
“xc menopause  If there 1s an) reactive tissue Temaining 1n

n:c ovan  one would espect osvaman tumours to become
ore common in older women

This expectation 15 not

‘I“Qv\n\rr borne out by the facts and one must therefore

sutne ether that the leyel of gonadotrophun 15 not high
i
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enough or that the ovaries of women have become refructors
to stimulation of any sort

In tests on rodents howeser, Lt and Garduer (1950) found
that the ovartes of 340~491 day old muee were just s sus
ceptible to tdmour formation as were the ovaries of younger
ammals  Klemn (1952) who extended these observations to 1
group of old mice whose average 1ge was seven hundred and
ninety mine dayvs also found that old ovaries may develop
tumours but there was some evidence that they werenot 1s
sensitive to the simulus as are young ovaries  Fhe positie
findings 1n these expeniments e be corrclated with the
continued presence of active ovaman tissue m such old
ovaries and serve to chstinquish once agam the ageng ovary
mn women from the ovartes of rodents

General methodological problems of ovarian
transplantation

Much of the earlier work on ovaran transplintation must
face the objection that the experiments were not designe
m 2 way that would avaid the dificulttes mtroduced by the
immumnty reaction wlich develops when any tissue s homo
grafted  One w1y of overcoming thus dfficulty 1s to use » hat
may be called delayed autografting  Lissues ¢ be removed
from an ammal wlile 1t s still young prcscncd for any
required Iength of time by storaze at Jow temperiturcs and
then regrafted mto the ongnal donor Ihe results of this
form of experimental approich will shortly be discussed
by Parkes 7The mcthod suffers from the mevitable dis
adyantage that tomorrow s older tissues cin never be trs
ferred to yesterday s younger ammals It 1s only possible to
graft tissues of thewr more vouthful davs mto ammals that
have got older There 15 also the added disndvantage that
the tissue may deteriorate during prolonged storige

An alternative approach depends on the fact that some
strams of mice arc so nbred that tissues can be transferred
from one member of the strun to another without stimulating
an immumty reaction  Tissues from both parent strains of
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mice are abo acceptable to the hybnd produced from crossing
the two strams I this way 1t Lecomes possible to study
what happens not only when an old ovarv 15 placed m a young
environment and vice versa but also when ovares of two
straws which may differ 1 the rate i whieh they become old
(sce above) are put nto a common enviropment (Cf Huseby
and Bittner [1900) who were snterested 1n the influence on
the nerdence of mammans cancer of ovares from stramns A
and 7 when grafted into A xZ hybnds )

Mam different sites for trinsplants have been chosen and
the functional activity of the grafts has usually been assessed
by the reappearance of astrous cycles and by Tistologneal
methods  Most sites such as the subcutaneous tissues, the
spleen or the anterior chamber of the eve necessanly preclude
the most valuable and for our purpose the essential eriterion
of function The evary must be transplanted so that the ova
can reach the fallopian tubes become fertiized and umplant
m the uterus  Such orthotopic grafting of ovaries was furst
earmied out m rabibits and pwnea prs which do not have 2
complete ovarian capsule some fifty vears ago  Foa (1901)
and Castle and Phuhps (1918} believed that pregoancies
whieh took plice aftee griftn,, were denved from the grafted
ovany and not from regenerating host ovary  Much more
recently Whitney (191b) believed that he had successiully
exchanged orthotopically the ovames from a bloodhound to
2 foxhound althou,b the ammals farled to become pregnant
afterwards ©

The fact that its ovary 1s surrounded by a capsule makes
Wt casier to achievc this purpose n the mouse than 1n the other
tho species that have been mentioned  Itas relatively simple
to open the capsule remove the ammuals own ovary and
eplace 1t with another  Thus method of ntracapsular grafting
l)’{l::\:c l‘l“nar; Il;as been eqployed mawmnly by Robertson nnd by
(hﬂ'cru\h‘:;c ;”.51 ()'),J‘j €0benson (1942) has bcen able to
ment o Fraco r;:r‘:lr‘;\;:q; e between the genctic and environ
death o homazs gous o aponsible for the intra utermne

yellow miwce  The Bar Harbor werlers
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cenough or that the ovartes of women have become refractors
to stimulation of any sort

In tests on rodents however Lt and G wdner (1920) found
that the ovaries of 310-491 day old mice were just as sus
ceptible to tiimour formation as were the oy aries of younger
ammals  Klem (1952) who extended these observations to %
group of old mice whose average age was seven hundred and
ninety mne days also found that old ovaries may develop
tumours but there was some evidence that they werenot v
sensitnve to the stimulus as are young ovaries The posm\c
findings 1 these experiments can be corrclated with the
continued presence of active ovinan tissue such old
ovaries nd serve to distimgmsh once again the agemg ovan
m women from the ovaries of rodents

General methodological problems of ovarian
transplantttion

Much of the earhier work on ovaman transplantation must
face the objection that the experiments were not designe
m « way that would aveid the dificulties mtroduced by the
ymmumty reaction which develops when any tissue s homo
erafted  One way of osercommy, this difficulty 15 to use # ht
may be called delvyed autografting  Iissues ¢an be remod od
from an ammal wiile 1t 1s still voung preserved for any
requircd length of time by storige at Tow temperatures and
then regrafted mto the or mal donor The results of this
form of experimental approich will shortly be discussed
by Parhes  The mcthod suffers from the mevitable dis
ady wintage that tomorrow s older tissues can never be trns
ferred to yesterday s younger ammals It 1s only possible to
graft tissues of thewr more youthful days mto ammals thit
have got older  [here 15 also the added disadvantage thit
the tissue may deteriorite during prolonged storage

An altermitine approach depends on the fiet that son
strains of mice are so mbred that tissues ean be teansferred
from one member of the strun to another without stumulsting
an immumty reaction  Tissues from both parent stratns 0

me
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of another stram  The host ammals were necessanly spaved
before grafting snd condibions for the survnal of homografts
should hase been optimal  In 25 experiments the homografts
that were Tecoyered at autopsy between mineteen and forty
stx davs after prafting bad all been destroved by 2 homograft
teaction 1 which round cell infiltration and  replacement
with Bbrous tissue were prominent features In some of these
expenonents cestraws eyeles had continued after the operation
The explanation for this fact however lay not n surviy al of
the homograft but i the presence of small masses of ovarian
tisue of host ongm left belund after the ovanectomy
Differentiation between homograft and autogencus oransn
tissue was quite obiious when the material was exammed
tistologiealls  Tn further expeniments the homografts were
removed either six or nine days after grafing  In all
reaction agunst the grafts was well under way n most of
them the tissue orgamsation of the grafts had alreadv been
destroved but a few small follicles and some luteal tissue still
looked reasonably healthy The folheulnr appartus does not
withstand the rigours of homotransplantation as well as the
tuteal cells scattered clumps of which may stii be scen some
time after the rest of the ovary his been destroyed

The Potential Immortality’ of the ovary

The fact that tusue cultures of Sbroblasts can be mam
tatned for very long penods of ime 15 well known  The same
<art of celiular ynmortality can be demonstrated for tumour
eells by repeated passages of the malignant bissue from one
host to stothier n such 2 way At the desecendant cells of the
tumaur have far outhved the animal from which the tumour
“asonmnalhy dered Very few attempts have been made to
carry out similar expenments with normal organs  Loeb
{1345) teports the serial transplantation of thvrowd glandsin
Strong A mice  The number of serial transplantations
wngedd fram three to seven and the transplants remained
ench host for three and a half to st months In some of these
eIpenments the thyrad tissue sunvaved the process of senial
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who have deseloped an ingemous marker gene techmque for
distinguishing between the oflspring from the grafted ovany
and {rom any ovarian tissue that regenerates, finve shown
that htters can be obtamed even from cmbryvome ovanes
that have been transplanted into young ndult ammals

Russell and Douglass (1945) have also used the method to
study what happens to the ovaries when they are subnutted
to abnormal hormonal influences during a temporiry stay 1
the spleen of eastrated hosts before bemng returned to o normyl
endoerine environment  They find that the oocy te producing
apparatus 1s unable to withstand such triatment, although
the endocerine function 15 unaflected

My own expeniments using transplantation methods hwe
been direeted along the following Iines

Problem of technique

The only serious diflienlties rused by the techmgue of
mtra eapsular grafting are ineomplete removal of the ovan
and bleeding from the cut ovaran vessels Fyen the most
meticulous surgery cannot always obuiate the fiest difficults,
but the effiets ean be mitigated by using the gene marher
methods ntroduced by the Bar Ilarbor worhers Iatience
secms to be the onlv way of overcommg the second The
use of a diathermy cautery wis unsatisfactors becane it
damaged the delicate tissues of the fallopian tubes

The mere fact of transplantation 1s sufficient, according te
Hummel, Fehete and Lattle (1958) to merease the proportion
of ovarian tumours that develop m iter hfe  The results o
any work wlich uscs the method may therefore, have to be
mterpreted with some caution

The survival of ovarian homografts

In view of the widespread differenges of opimon about the
chances of survival of ovanan homografts, discussed elsewhere
(Krohn 1955) T have earmied out a further senes of expent
ments 1 which ovaries from one stram of mouse have been
transplanted orthotopically nto the ovanan capsule of mice
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This would confirm the general impression that ovarian
functton i rodents 1 Telated to pitwitary actiaty and not to
changes inherent mn the ovames themselves

U ing CBA and A stramn mice for the work we are also
satnfied that 2 hyboud host can tolerate grafts of ovamnes from
both potent strans Of the s ammals used all have shown
wstrous cyeles and after mating have had +aginal plogs
and become pseudo pregnant  So far two of them hue
hecome pregnant

Refore proceeding amy further with the experuments 1t
will be necessary to establish more exactly the rate at which
the tota) number of follicles 1n the ovares {both normal and
after transplantation) falls off as the mice get older  Only
when this mformation 15 avalable will one be able to say
amthing with certainty about the mteraction of the ageing
emvironment and the ageing ovary

Conclusion

Itisa far ery from the days of \ oronofl and the expectation
that transplants of gonadal tissue would serie to repmenate
the sene cent Yt 15 now plam that such hopes which rested
on the possible benefits"of hieterotransplantation were bound
tobe dllusory  Today even homotr insplants of gonadal or of
endocrinie tissue hase no practieal chmcal value  In the
future however the method of transplantation mas contet
hute more s a research tool to the problem rused by the
ageing of tissues than it ever could have done m the pastasn
form of treatment
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transplantation and the oldest tissue recoy ered was forts one
months old, which 1s probably outside the ordinary hfespan
of the stramn of mice used T oeb (1945) mentions that stmlhr
experimients with grafts of ovary fmied entirely  Some
comments by Dunham, Watts and Adair (1941) that are
madental to their main work, also suggest that the ovany
does not tolerate bemng transplanted more than twiee

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

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

Combmnations of orthotopic grafts have been employed
either yvoung ovaries mto old hosts old into young young
and old mto young, and young and old mto old Only Strong A
straan mice have been used It 1s too early to say what the
effcets on the numbers of oocyvtes and on reproduction
will be, but 1t would appear that old oy aries grafted into young
ammals behase more satisfactonily as far as the data on the
astrous ¢y cles go than 3 oung oy aries grafted into old amimals
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of agetne while the donor ammal wends s way to sembity

The 1den of 1cluering 2 state of suspended ammation at Tow
tomperitutes v of course very old and depends mn its modern
form on the reasonable assumption that all vital processes
would be suspended 1t temperatures such as those obtaned
by the we of dry wee (=79 C) or hqud awr (~190 () Until
recently however the act of freezing and thawing was fatal
to almost all normal eelly of vertebrates so that Little pro
[ress was possible in the study of espenimental biostasis
This situation was altered radically a few years ago by the
olsertation that glyeerol has remarhable properties m pro

tecting hving cells agamst the otherwise fatal effects of
freemng to very low temperatures (Polge Smuith and Parkes
1547)

This diseorery has made 1t possible to heep 4 variety of
haing cefls at ~59 € or ~190 € 1 m apparently stable
state for periods of months or sears and the work his added
greatly to our hnowled, e of the dvnames of the hymng cell
and m particular of the eflects of low temperatures

Resistance 10 Freezing and Thawing
It appean that freczin,, damage 1 primamly of two kinds
ane due to the hypertomeity of the residual fud as water
freezes out av we amd the othier to thermal shoek ansing
from rapd chinge of temperaturc either above or be]m(\'
freezm,, pomnt  The former can be avoided to 2 Jarge extent
t ultra rapid freezing the latter by slow cooling In other
words it v almost impossible to freeze 4 normal cell by
urdinary methods without sulyetung it to one or other type
ofdamie (hecrol apparenthy exerts its effect by decreacn,
the Wpertomats harard and permitting cooling, to be slow
enouh to aveud thermal shock (Loveloeh 1923)

Stabitlty at Low Temperatures
The doss of eclls on freezmg and t

hawing wr
at the low tomy M1y b neghoble thout storage

sttt or veny lare accardin

fid pp ble sub
to the conditions and he
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I'OR THE STUDY O AGEING
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Aational Institute for Vedical I escarch London

Tur general question of agemg of parts of the bodv in
relation to agemg of the whole can be mvestigated n variow
ways I want to deal with a speelalized devclopment of one
of them In the case of organs or tissues which can be grafted
1t 1s possible to transfer the organ or the tissue from one
animal to another m sueh & way as to have an old hissue m
a young animal or & young trssue m an old ammal  Theorett
calh as Dr Krobn has idicated 1t 1s thus powible to
distingush between functional breakdown of n tissue due to
mternal causes and due to failure of its enyironment  Unfor
tunately, some of the organs most suttable for homografting
and for estimation of funetional activity—the endocnne
organs other than the piturtary body —are of hmited sizm
ficance 1 this conncetion beeause they are hnown to he
dependent on environmental stimulation and 1 the ease of
the gametogeme function of the ovary to be of hmited
potentiality Nevertheless, wnstruetrve results could be
expeeted, especrally where suceessive passages of the sime
tissue from old animals to youn, amimals as cacl host becontes
senile mahes 1t possible to secure a big difference betw een fissue
age and body age  All such experiments however require
that the part shall be subjected to thehazards of homografting
I want now to discues a recently deseloped teehnique which
permits of experiments where the part 1s phy siologteally
vounger than the whole without the hazards of homograftm.
from a young ammal to a contemporancously older one

1 refer of course to the techmque of low temperntur
preservation v which tissuc ean be held i a state of sus
pended but potentinl viabihty free from the comphaations

02
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amses from the fatlure of hiochemcal processes to repatr
biophysieal dissolution  Wsth the red eell 1t appears that
damage of sub lethal degree occurnng duning storage may
be reparred when the cell 1s returned to its normal environ
ment It 1s possible that the general thes:s set out by Lov elock
1s of more general applicability to the exhaustion and repair
of cells 1 might perhaps be possible to regard agemng as the
result of wnereasing fatlure to repur by active biosynthesis
the passive dissolution due to biophysical causes

Isolated Tissues
I want to tum pow to the application of this work, to the
study of the ageing of parts in relation to the whole I have
airesdy indicated that ovanan tissue of rats can be preserved
for long periods in hqud air at —~190 C, that there 15 some
loss of ecfls on freezing and thawing but that the loss 15 not
tncreased on storage and that the cells which survive have
not apparently aged Details of techmque and data for
tissve frozen for up to one year were grien at a previous
svmposiur (Smith and Parkes 1923) By the time similar
matenal had been frozen for two years a number of comphea
tions had appeared  For one thing several of the donor rats
died duning the second vear For another several hnown
fatlures sn the maintenance of the fiashs of hqud air had
?;currcd snd tissue known to have warmed up had been
a)':ll‘an)«l 4As aresult of these circumnstances there was avail
leafter approximately two years a number of old ovanecto-
:::)L;(‘l!fcmﬂcs without corresponding stored ovares as well as
— orahes without corresponding old animals  An expen
iy %28 therefore designed 1n which 1m addition to the auto
E{‘:\n ;“g oflon,, stored ovaries fresh ovarian tissue from young
“mﬂ ‘c:n :ms homografted nto old ovanectomzed females
fomaler -i_;l(l)ll;fd manes mto newly ovanectomized young
coted llu: )f I} The results of the first expeniment sug
mately l\mk 1 trsstie autogralted after stora,e for approu
yenrs (lne one of the table) did not take well
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type of cell  On storage at the low temperature the cell may
be apparently stable, as with bull spermatozoa (Rowson
and Polge 1953) and rit ovaran tissue (Parkes and Smuth
1958), ov the loss cauwsed by the wmtial freczing may b
mcreased, as with fowl spermatozon or human red cells
according to the type of cell, the medium and the temperature
In any case, cells that survive storage have apparently not
aged  TIrozen bull spermatozoa, for instance, after thawing,
survive at normal temperatures as well as do fresh sperm,

oo

PERCENTAGE SURVIVAL
@
5 8 8

3
o

20 40 60 80 100 120

DAYS AFTER TRANSFUSION
Tio 1 Sursisalafter transfusion of red cells stored at —79 €
for six months and at +4 C for eleven days  Surynal
normal  (Mollson Sloviter and Chaplin Lancet 195. 2 50
Tty permusoion of the Lancet )

o

and human red cells, after long periods of storage hate &
normal expectation of Iife in the crreulation after transfuston
(Mollison, Sloviter and Chaplin 1952)

A sigmificant deduction 1s to be drawn from these observa
tions It may be 1 that biock 1 changes arc
arrested at the very low temperatures employ ed The
changes taking place m cells which suffer damage on storage
must therefore be physieal ones occurring 1n the absence of
the usual biochemical processes of repmir  The various factors
mvolsed m the case of the red blood cell have been mnvestt
gated 1 detail by Toveloch (1954) according to whom the
damnge cansed by storage under unfavourable conditions
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aries from the faire of biochernieal processes to repar
trophysteal dssolution  With the red cell it appears that
damage of sub lethal degrec occurnng during storage may
be repawred when the cell 15 returned to 1ts normal environ
ment Tt 1s possible that the general thests set out by Lovelock
1 of more general applicability to the exhaustion and Tepair
of cells 1t mught perhaps be possible to regard ageing as the
Tesult of mereasng falure o repair by active hosynthess
the passive dissolution due to biophvsical causes

Isolated Tissues

[ want to turn now to the apphication of this work to the
study of the ageing of parts 1n relation to the whole 1have
already indicated that ovanan tissue of rats can be preserved
for long penods n liqud mir at ~190 € that there 15 some
fns of cells on freezing and thawing but that the loss 1s not
wereased on storige and that the cells which sunise hase
not apparently aged Details of techmque and data for
isste frozen for up to one year were mven at a previous
s\mposiwm (Seuth and Parkes 1924) By the tme similar
material bad been frozen for two years a number of comphica
tions had appeared For one thing several of the donor rats
dhed duning the second year Yor another several hnown
fattures n the mamtenance of the flasks of hqud ar had
occurred and tissue hnown to have warmed up hod Leen
discanded 45 a result of these circumstances there was aval
able after approximately twa years o. number of old ovanecto-
fmuzed females without corresponding stored ovarics as well as
stored ovanes without corresponding old ammals  An expen
ment was therefore dessgned i which m addiion to the auto
grdting of jon,, stored ovares fresh ovarian hissue from young
females was hamografted nto old ovanectormzed fcmnlc‘;
end Jon, stared atanes ntn newly ovaneetormzed young
fumnles (Table 1} The results of the first cxperment sug
1ested that the tissue autogrfted after storage for appmv;
mately two years (line one of the talle) did noy take well
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Lhe sccond experiment (lme two of the table) scemed con
clusne on the pomt  The homografting of long stored
ovaries mto newly ovarectomized young females (Ime three
of the table) and the reciproeal experiment of homografting
fresh tissuc from young females mto the old ovanectomized

‘Table I
Craurne or Long Iroziy OvaniaN Ti ~UF 1v10 Omernat Dosor o
10UNG OVARIECTOMIZFD 11MALFS AND 01 1nEstt Ovantan Trsstl vao¥
Y0UNG 1 EMATLS INTO Love O ariEcTOMIZED OLD 1 FMALES
(Donors all young females appros 100 g 1B We)
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females (line four of the table) showed clearly that the long
ctored tissue not the old females was at fault It must be
assumed, thereforc that there had been an undeteeted
breakdown 1n mamtenince of the liqud aire flasks or thit
the tissue had deteniorated spontancoushy duning its sceond
year of storige It has not vet been possible to distmguish
between these alternatives

Isolated Organs
In some w s the possibility of long term presers wtion of
solited organs 15 of ¢ven greater mterest than tht of eddis
or tissues  An approach has been made to ths problun by
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1w + Momograit of fie h ovaties to old ovariectommizeed tat showin,, mtan

follicke and normal e Osvane aemcvad from voun, fanale and homo

~rufted 1o old int €CF dins ntter oy ancctomy Vaanal corntfation oceurred

e v biter and four excles were observed befare the graft wa romost !
—duy alter transphintation (JEO 18 )
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worh on the 1solated uterus of the guinea piy suriv al after
freezin= 1n sarious media for yarious tumes beng assessed by
its :po’;ﬂaneous contractions and 1ts responsiveness to Tasta

mne Conditions for complete sursival have not yet been
determuned but a considerable degree of reactination 18
compatible with freezmg by present methods and _the
damage 15 ot ncreased by storage (Parhes and Srath 1934}

3t 15 lihely that present methods with the jsolated uterus can
te much improved and applied to other organs so that a

}ic 5 Contractthity of wolated uterus of gunea

Moruge for three monthis at —79

pig after
t
inger

n -0 per cent glycerol
Fipures mficate g of histamme addel to bath
Contractility 15 subnormal but still vigorous

areat extension of expenments mvolving vanation an the
2 ¢ of the part 1 relation to the age of the whole can be
ensisaped
The Whole Body

The work outhined above naturally turned our attention
to the problen of cooling the whole ammal to such an extent
st arrest all syl processes and confer upon it m a state
of suspended anmation the hind of comparati e immortality
whch ean now be dffeeted syth bull spermatozoa and other
eclls appropriately frozen s muntamed at —79 €

Any such projeet ol iously prescatad enormons dillieulties
Lrteuldy moyyew of

b the dilferent requirements for safe
T, of differant ty pes of el and of the overnding neees
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sity for & compiratively lugh concentration of glycerol or
other neutral solute for the freezing of ndividual cells and
tissues  An approach to the problem has however, been
made possible by the work of Andjus (19%1) who evolhed a
method by wluch rats ecould be cooled to decp body tempert
tures approaching 0° C and revned agun after cessation
of heart beat and respiration for one or two hours {Andjus
and Smuth 1954) Application of this techmque to hamsters,
chosen because of their hknown adaptabiity to body tem
peratures m the ringe between 2 5° C and 35 € embld
work to be concentrated on the effects of reducmng body
temperature Lelow zero (Smuth Loy clock and Parkes, 1904)
Nntriguing results were obtamed  As the decp body tempert
ture gocs below zcro one or other of two tlngs happens
{n) Some hamsters start to frecze penipherally and the deep
body temperature stalulises at about —0 6°C when the
surrounding bath 1s held at —5 C to —7°C  Crystallsation
of body water proceeds slowly but steadily and the extromt
ties and superficial tissucs become hard frozen Complete
recoveries have so far been effected after periods of freezing
up to one hour, by which time 1t can be caleulnted from the
rate of heat loss that not less than 15 per cent of the body
water has crystallized  (b) Other hamsters start to super cool
as the deep body temperature goes below zero and the tem
perature falls steadily untid it appronches that of the bath
Deep body temperatures as low as —_5°C without crystalliza
tion haye been recorded and such animals can be resusaitated
completely More often crystallization takes place suddenly
from the super cooled state accompamed by an abrupt risc ©
temperature to about —0 6 C  Crystalhsation arising m
tlns manner appears to be diffuse throughout the body and
1s more damaging than that ansing peripherally from gradul
freezing

These experiments though highly intrigumg touch merehv
the fringe of tlus subject, and 1t must he cmplnsm‘d that
there 1 no immediate prospect of retammn,, viability 10 whole
ammals frozen to very low temperaturcs
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Conclusion
The work on the preservation of cells tissues and or aus

t bilitsies of work
at Jow b offers € p
on the mmfzamme ngemng of dillerent partf of the bodv ’IE
opens up the ultimate possibility of

P
aamation of the whole body for indefimte periods 1e the

defeat of agng as 1t 15 now understood  Whether this thte:
Pprospect comes withmn the realms of gerantology or whether if
win self desirable 1do not know It seems howeter that
the wdea of biostasts of the whole body macabre at first sight
holds nothing new 1n principle, being woven nto the fabre
of countless human behefs Jegends and stones, from the

Tesurrection of the dead to the awakening of the Sleeping
Beauty
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Mediroar {ories g ¢en them luve not
quite eovered
il the techniques construct “age clumeras  that 15
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anunals with tissues of different azes 1 or completeness sake T think
one should add paribiosts which Prof McCay mentioned vesterdn

Id like to <how vou a concrete exymple of the use of what hrohn
deseribed s deliwved autograftmg Rillingham and I kave been
studving the storige of shin mamly for tlus purpose  The prnexk of
delayed nuto,rafting ns Parkes expluned 15 the removal of tissue from
& young anmal and 1ts transplntition back to the same ammnl wen
st1sabit older Iig 1shows ariw arcl prepired on the chest will of s
rabbit which 1s five hundred days old It has four grafts on it which
have been in posttion for eight diys  As vou see  two of the grafts are
pale, and two of them are rther blweh The two darker grafts were
removed immedintely the ammal was born and stored at the temper
ture of dry ice after sonhing 1 lyeerol Ringer  1he two whiter grfts
were removed only one day before the grafting, operation  [hey were
soahed 0 glyceral Ringer frozen to the temperature of dn tee for
twenty four hours and then thaved out agan  The four grafts vere
then teansplanted simultancoush,  One can see from the petur thit
the four grafts have survived and are surrounded by about the same
amount of new epithelnl out_rowth (Outside the rw arcs are tve

fitted grafts one young and the other of the sime age as the ho t

these have healed perfuctly but ate not of course surrounded by out
growth ) Bilinghum and T started quite a number of expeninents of
this type but we are now running wto a diilicults which 1 irhes hus
called attention to natuely deteriorition on storne e langest pe o
whichiwe inve aTiebeen able to keep e whorn shin i storaZe 1y seven
hundred dus  After that perod the epitheum i still ynble  But an
experiment of thas sort wlhieh 1 designed to discover the behrour of
young shin m on old cnsironment 1s obviously vitaited af there Is am
degree of deterioration on storige at all - At seven hundred dns
stll more so tn & very recent experiment with grafting new born shin
after eight hundred d1yvs storage there 1s unfortunately o quite con
spicuous deteriorition  1or example the melwocy tes, wiich confet
the pigmentation on the voun, grafts (rsbints are born very dark) kv
pretty well disappeared o although thr 15 o tcehnique of great poten
tial promsse 1 am afrnid we may be severely handieapped by the fact
that one does a5 Parkes hs ponted out get progressive deteroration
on storage

Parles I think what 15 wanted 15 some more work W have todedl
with one problem after another ns it eomes up  Lour yers ago We
couldn t prescese amy of the cdls in wheeli we were nterc sted for vy
worth while Jen th of time  Craduaally the conditions requirud for eat b
duffercut hind of cul or tissue conditions which may be totally diffcrent
have been worked out  Unless vout have alrendy tred a large rng® of
medin and temperaturcs and methods of freezing and thawing it
prumniture to say that the skin won € [ist at a fow temperatun

Veda car Yot think that for ¢l tssue 1t will be possible to find &
medium m wineh bophysieal (l](‘l(‘l‘lnmllunlunr\lllr'll.,(' wot t oceur?

ou preparcd to go on record ns sy g, that

'\r;,g,):,l 1 1“ pnpaﬁl to go on rcmnl)mtm)m;, that T have no doubt
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fingte sursiv 31 of a great
“me:ﬂ ‘:Y;‘:mgcs“:‘»'lllmb:‘&g;x‘::l‘ h;‘ﬁ :&‘: ;\:;nl:lnmpemmms with red
von s B
Hmd)u\h freezing and thawing as such ¢ ansed the loss of nb'r:\xtt :r x;f‘\;
cent of the cells but about 40 pc‘r cent were lost dum‘\g ‘stor&ze Tt
months  Tut it o P
hvpotonie media 1o reduce the residual salt eﬂe:; :has 10w enabled the
Joss o 1t Tediacend 30 3 per rent oy e B AT OF Tore
Cogdry Yousad at lﬁ Lemnning that there seemed to bea dnﬂen‘nce
Leween persistence ot the holding up of changes that were phy sicsl as
compared with cherical ones that the physieal changes mught contmue
whereas the biochemical ones would be arrested T would like to get s
1ttle more information For in\anee does the half hfe of a radinactine
w t(pe chan, e when the tissue 1s 10 a vitrified condition?
Jarker We don t have any wformation about that
Ferzdr { thunk vou can ot nformation on that pont from the food
industrs 1T one stores fish say hernng at—-O they are edible af one
Meres them 1t — 80 or 53 thoy become wedible  The consersation of
™ tem seewwt depend on the tomperiture wt wlach one stotes
1 rfes £ e that ap phy 1o hernin,, soused 1 gl cerol?
Semar Tlnthnw
fenr 1 1 ke to rport very briefy on some experiments Dr Bun, ¢
his { ncm Dwa ¥ onn b give you the details but only the mam fiets
e pahle b L Nature some months ago a Lnel letter about the freezn,,
fhuman perm and then after a penod thes were thawed and gven to
threy mondy artshosl insewnation Durin,, the past sy months each
et sien s grven bisth to on apparently perfect!y normal etuld
Fatey Well f (oune theres oo Teason 1o suppose the offsprn,,
wulint 1 nomal Tens of thousands of calves have now been pro

died frm Lozt spenn without 6o far o T hnow a0y sndicstion af
0 ter mamfostations.

.

Medromr Dr Parkes you believe that delayed autogratung s prefer
#He t the gee of h moplastic transplantation methods as outlined by
Brtin {0tyou Butat the same tune you helieve that transplanta
v ammunity 18 greatly over rted

farkes 1 jont tunk 5o but my rmts appear to!  Esen with inter

e s anamh moeealls we pet sbout 20-.. per cent wiuch apparcmly
fan o wielimiely  Many ¢f them funetion for a tune

Wedrcar Well then for ereating these age chumeras would ¢ not be
e hersadm e satisfactory to devise a method which wonld mahe gt
P EL € r f mografts 1o be transplanted fecely between different
wud ot d ferent ages?

Lotk & Yev that 1 another oy prosch 1 should emphasize that thus
w ol urwispn Prmany designed to assist gerontoloy
Lonfort Le f Medawir [ believe your results are better in fact with

erlle betw  a tnce Mt e same strain gn f
with trred v VER watenat nvew el what sou s thin
M \es

Camf 1t ifone had low 1 witl e rat by s
arithoial pantbetgeresis woul § e jousn ;utm(;:(‘eot:l xrn:\‘:t‘:‘n‘\f whether



172 GeNERAL DiscussioN

Coudry What land of physical changes continue m these tissues
Dr Parhes?

Parkes Analyses of the media in the case of the red cells sugrest
that there has been loss of hpids and Iipoproteins from the ccll  But
for detmls I m afraid I have to refer you to Dr Loveloch

Coudry 1t scems to me that any brophysteal change taking plice
would almost 1y e foll i by oot ! change

Parkes VWell chermen! change must fohe pince very slowh in s
medium which 1s completely frozen up

Conedry Dr Krohn have you any spectal ideas about the value of the
two views concerming oy ogenesis?

Arohn That 1s an old subject which lias been reviewed aguin and
agon My personal view 1s that thie orgainism ts endowed with so many
ova and does not go on makang fresh oocytes T do not think any ef the
expenments winch purport to demonstrate neogenesis of oocytes by
showing mitotic activity tn the germmnal eprthehum of nn adult pmes
arc at nll convinemg  1or example there Is another perfeetly good
explanation for the fact that the mitotic activity i the gormnal
epthelium 1s maximal around the tune of osulation’ It 15 at thes tune
that the volume of the ovury and therefore s surface arca is greatest.
I€ the germinal eprthelium {s o act as nn epsthelum nnd cover the ovary
it must inerense m extent and 1ts component cells will hiave to dude
Another important pomnt to emphasize is that Whenever the total num
ber of cocytes in the ovaries of any species has been counted the results
hnve always shown that the number decreases ns the animals get older
So if there 15 any neoformation of oocytes at all it is never sulliclent to
make up for the losses I believe that any such replenishment probably
does not happen and that there 1s this constant wearing awny of the
ovary 8 eapital endowment of oocytes

Condry So nccording 1oy our view (which ¥ am sympathetic with) the
ova in the older woman may be very different from these in the young
woman

Arokn Certunly  1hat s a point the importance of which ¥ hope !
muade clear 1n my paper

Parkes T should like to close the discussion with a figure [see frontis
ece] whielt 13 of some mterest to gerontologwts the frontusprece from
Lorl Pearson s eseays published under the title The Chances of Death




RESEARCH AREAS IN GERONTOLOGY
NUTRITION THAT ARE NOW NFGLYCTED

C M McCay mp
Department of Sutntion Cornell Umeernty Ithaca A 3

THE subject chosen for discussion today reealls an cxpert
ence of ten years ago  Our commumty 1n rural New York
State serves as host each summer to more than o hundsed
children from the stums of New York Gty  For five vears
wehad as our guests a starved bachward boy and tus younger
sister When this boy was about twelve years old T dis
cosered he could not tell time nor read well 1 started him
reading a story book and suggested that dunng the afternoon
ke should underhine every word he did not understand so
that I could explam the words on the following morming
Much to my surprise the next morming I found that with the

ewecptionof the & and*is all words had been earefully
underlined

After labouring since 1927 1n thus area that attempts to
relite the food caten to conditions observed in the body
during the fatter half of the hfe span it has hecome clenrer
;ath year that most of the words in this field must be under

fed as unknown Pethap:

S tlus 1s merely the ever growmg
pessinusm of qy ageng person °

secondly the
gl itla: ‘fxsc:phncs of a scientist that seem most smted
mg‘“::c\;nxtel) those of us who were transformed panfully
ey efmxsts Just pnor to World War 1 through the
ol ‘: mc)asslesl chemistry  physies and mathematics
1th substantial prejudicesaf not contempt for suely
1%
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Coedry What hind of physical changes continue fn these tisurs,
Dr Porkes?

Parhes Analyses of the medis in the case of the red cell suzot
that there has been Joss of kpsds and hpoprotems from the cell  But
for detmis I m afraid T have to refer sou to Dr Lovelock

Coedry 1t scems to me that any biophysieal change taking plice
would almost 1y be followed by a ch 1 change

Parhes Well chemuenl change must take place very slowh ma
medwm wlnch s completely frozen up

Coudry Dr Irohn have youany specil ideis about the value of the
tho VIews concerning oyvogenesis?

Arofin That 1s an old subject which has been revicwed agun and
agnmn My personal view 1> that the organim 19 endowed with so mny
ova nnd does not go on making fresh oocy tes I de ot think any of the
expermments which purport to demonstrate neogenesis of oochies by
showing mutotic aetivity wn the germinal epsthelium of an adult amn!
are at all convineing  Yor example there {s another perfecth pooet
esplanation for the fact that the mutotic actnity mn the germinal
epithelium ss masimal around the time of ovulation Tt 13 at thi tike
that the yolume of the ovary and therefore ats surfice nrea is greatest,
If the germinal epithelium i to act as an eprthelium and coser the ovans
it must merease in extent and its compenent cells will have to dovade
Another important pomt to emphasize 1s that whenever the total nunt
ber of oocy tes i the ovaries of any spectes lns been counted the resttlts
Linve always shonn that the number deercases as the ammals et okler
So1f there 1s any neoformation of oocytes at all 1t is never sulticient 0
make up for the losses I beheve that nny such replenishment probably
does not happen and that there 1s this constant wearing avuy of the
ovary s capital endowment of oocy tes

Cotdry So nccording to your view (which I am sympathetic with) the
ovat mn the older woman may be very different from those in the young
woman

Arohn Certammly  Ihat s n point the importance of whieh I hope I
made clear in my paper

Parkes I should Iike to close the disensson with o figure (see fronby
preee] winch 1s of some nterest to gerontologists the frontispicee from
harl 1 carson s essays published under the title Z%e Chances of Dealh
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In geroutology this analogous thmhing in reltion to
nutntion may indieate that much cn be levned Iy uwe of
s fe eelled orramsms or vers compley awnects but that
cenerilizabions must hine some anchor c m (\penments
with man lamsclf

Bactenologists ippreciate that cultures grow old hut
Inmted studies such as those of Otto Rahn {(3951) mndicatc
that the process 15 fully ns complicsted and confusing ns
appears the agemg of lugher vertebrates e use of mscets
seems to have promise not only heeause 6f the vast numbers
with shich ane ean work cheaphy hut alo m MY SO prss
throu b thewr bfe ¢y cle during bnef penods of dayvs or wetks
o his diseussion of loncevity m the ammal han_dom
HetchniholT (1908) noted  Between these (tremes of fong,
and short e there 15 found amonmt inscets almost eyvery
eradation of Jongevity

{ne need not review the world of fish and loncr vertebrates
1o apprecuate the value of studyin, anv of the numerous
chordates some of which hate a rcputation true or false for
freat longes ity

e ean certamly conelude thit no Wfe will be wasted 5f
devated to the study of a,ewn, maten vl of any forms whe ther
1t be the seed, of plants or man lumself

To the student of aghing moulds or rotifers the speombist
devoting tus hfe to the study of man lumself ma quote

Gorthe withy &fnune truth Wir sehien uns wieder weit s
Wt son hier —

erontolossts wall ultimately woct upon

tommon ground,
. For the remainder of thus discussion it may e well to draw
Pon our owp experiences of twenty seven sears i order to
hat might Rave been cultivated profitably
a substntial fraction of i
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fields as physiology, baeteriology, zoalngy, and entomology
Onhv during the last quirter of 2 century even w the field of
nutrition hts this climte of attitude ohmged

Respeet for comparitive biochanistty and nutrition fint
came from agricultural setenee 1 wineh nien were aceustomed
to thikg of the common speeies of domestie anmab
Swince the early mincteenth century and the gelatin evpen
ments of Magendie the science of nutntion from medicnl
schools has rested heavily upon the dog wd to a lesser extent
upon the mouse rabbit and rat towards the close of the
nieteenth century

Ifowever, only duning the past thuty sears has the bio
chemist who worhs upon bactera become respectable and
the one who devotes Ius love to msects or to any exeept a
selected few of accepted vertebrates is o subject for humour
and contempt 1f not suspicton I have never forgotten the
peculinr expressions on the faces of m friends ou both sdes
of the Atlantic when they used to come to wtch me woighng
my cochroaches, or my trout i the fish hatchery  Inh hine
now beecome aceepted fodder for the mill of the nutritionnts
but mseets are still not taken serioushy as a form of hfe whose
brochemustry or gerontolo,y may be worthy of study

If one indulges 1 some retrospeet m regard to the discovery
and solation of the vitanuns, one must wonder how much
more ripid mught have been the progress if biochemists
had negleeted their mice and rats and gven all their desotion
to nucto orgamsms and msects (McCwy 19)3)  In the eise
of the water soluble vitamuns substantinl progress would
have been assured but for the fat solubk vitamuns there
muzht have heen hittle progress No tusect has heen discavered
thus far that necds erther vitanun \ or D although there
may be many mscets that necd these factors and lave neser
been studied I man had rested his nutnitional seicnec upon
meeets we wauld probably be reading wm the modern worhs
about human nutrnition that each of us shoukd consume so
many grams of cholesterol datly heeause this docs seem to b
an essentral for mscets
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becawse goldfish bave long, bicen pets arc easly eired for
and cheaply fed upon drv fecd misturcs Quite the contrry
ts true for the vanous trout spectes with which we Ihboured
for so many vears They Tequire speetal water conditions
unique diets and are somewhat difficult to culture

Turtles, whose hearts we hawe all admired «nee our
eatbest study of phy stology are deserving, of the most mtense
study - Tn spite of our <dmweation for therr tourh hearts
Lttle 15 known about the biochemustry mvolved Turtles can
be hatched and reared confinement Two decades ago In
8study that was nev er published m} associate I B Sumner
and Limjected crystalline urease into the Jugular of 1 snapping
e Many times the amount was used that would il
enother species such as o rabbit but no level was found that
cvent annoyed the turtle  Later we found the blood of the
tatl to be maturally quite nich i ammomia Turtles un
doubtedly noy biochennenl scerets about a.ang  that
might be useful to man

Finally domesticated birds suel
tarkess peese gnd duc
ture studg of any of t!

W as migeons  chichens
hs offer special opportumties  Lang
toad hese species would undoubtedly lead
o Yances m the basic knowledge of gerontolo,_y and facts
t would have utility wn practical poultry  husbandr
< consideration of the span of life and old age diseases

tention has ever been mven to any of these species
we fooh

Teeding anumals are usunlly

onlyhept
e great disady ntages of  feen

mice from
1
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trout, with houted research upon carp and northern pihe
Durmg the whole of the past quarter of a century, the whtte
rat has been subjeet to continuous studs

Fach of these three elwsses which we wsed responded
silarly to the most unportant factor that we have eter
discovered mn extending the span of hfe  Lack ¢ be mam
tamed for long periods upon dicts adequnte m qualits but
madequate in amount  After long periods of rctarded growth
each can respond to merensed food allow ance with resumption
of growth  Tlns means that these growth relationships which
are known to have a greater influence than any other upon
the tatal span of Ife and the termunal chrome diewses of
the Inboratory rat are subject to studs using esther mscets
or fish  Part of the scerets of agemg may certambs be un
ravelled by the use of these lower species which e often be
studied 1 Inrger numbers and at much Jess cost than whie
rats

Furthermore cvidence 35 slowly accumulating m three
diflfirent nations that the slow growth of dawy cabes 1
reflected an superior hfe tune performance of the mature
ammals  [his oxtends the work rclating growth and agemy
still further beewse it myvalves a rummant that has superb
syathetie powers 1 providing its own needs for water soluble
1taming and essc ntud anno actds

1he use of mecets by the biochenast offers umque oppor
tumtics beeause the cost of sueh rescarch s modest  Such
studies would seem to he especially worth winle for seientists
who have retired upon modest penstons but retam thor
faculties for study and research  Iius would seem to be a
natural gerontological research opportunity for practismg
gerontologists because such study makes modest requrements
for space and equipment  The ehief hurdle might be the wife
of the rescarchier who would probibly not appreciate making
pets out of pests

Among lower vertebrates three promusing arens hase ticen
almost entieely negleeted  Some speates af fish such /s those
of the carp fanuly afford especially umque opportunitics
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when the rt 15 « young adult about st months old  Most
altempts to keep rats free from this disease by montenn
food spraving the ur with intnepties havin,, people wear
masks in the rat room and the feeding of anbibiobies have
fafed The feeding of antibiotics does mot even protect the
teeth of the rats from decry  Some suceess has been elumed
2 mnst this lung disease 1f voung are transfirred to hiealthy
mothers at the tume of birth but no evidence hns been pro
Vided that such rats can escape the disease dunng, the Intter
Belf which 1s the second yenr of e {Nelson 195%)

Rats retarded 1 growth when fed smail amounts of b
quality diets delay the onset of this discase until control
anmals fave died with it under conditions that are commonly
fermed old age for rats  This has made one patholo_ast
suorest that onh those who have studied rats subjected to
retarded growth have ever seen rats with normal <pans of
ife Thig mught suggest thit all experiments that have not
miohed growth retardation have merely dealt with fore
shortened hife sp1n

This introduces the problem of misleading titles of articles
commonly found in the \iterature Such titles often imply the
lensthening of hfe by some drug or system of feedn, Thus
3 diet may lack vitamin A and rats fed tins dict may e
p;;m“ml} The author may give tins artiele the title of
the "I;'i}:;:““ﬂ Oflhfe by vitamin A whereas he really means
Smrmcntsut:e death of ammals deprived of tins witanun

as

) d upon such titles lead to eTToneocus con
usions in the literature

S¢
econd source of weakness i a science of old age based

u
PO Yesearch with whyte rats 15 what Sir Thomas Browne
Wbt have called g

sulgar error Some laboratones

<o

0{‘:!;:‘;: diet A with duet B 1n regard to the mean span of hfe

aen g rat; fed upon these diets Often hittle attention 15
Pathology or other data that could be derved from

the stugy g,
omyent
TePorted ang basl:“al statistical testing of the means 1s

data are ne blish
Stud ver published  Since such
S Tequire at least three Years of time and cost much
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the pont of view of the hiochenust and nutritionst 1 that
they arc very subject to epudenue discses and diflicult to
use tn any type of chemieal balnnee work since they huve the
habnt of scattering feed badls

Mice have the same advantage as rats and hamstes m
passing from birth to old age within a period of ahout e
years  In rceent years the studies of MY isseher and assoct
ates (unpublished) have indieated that mice are very senstline
masmuch as small modificitions of dict seem to chwe
marhedly the ternunal diserses of old age

Vihite rats have served the nutrition Inboratories for about
seventy five years  Ifenec  their nutritional requirements
are better defined than nost of thosc of the common specics
In spite of the long use of rats thar gencties has heen htth
studied  Some brecding studtes have mdicated that strans
ean be sclected which dillfer sery muel in cffierenes of feed
com ersion duning growth  Some strums arc also mach mon
subject to tooth deeav thn othery  But compred to mice
the rat 13 an unhnown m ganetics

The asscts of a rat m terms of a two year spin of Iit and
ease of fceding for chenucal balance studies bave alre 1y
been indteated I urthermore modest | nowledpe has accunu
lated 3 regard to the patholo,y of thns species m old g

Smce the white rat has becn used more than any othar
speeres for hfc span studies st may he woll to serutimze the
weakniesses 1o such research s has bocome more anport it
m modern tuncs beeatse public mterest has stumulated the
writing of an evcr growing volume of htarture based upon
a meagre background of experimental science  Opportunists
among writers have sansed sy probits from such wohing
due to the large number of older prople and the ncrensed
wnterest by most of them in thar own wdl bamg Such
pupulnr\\ntvn nerther destre nor v able to cvaluate errtieils
much of the mengre evidence from rescarch Iaboratones

The greatest weahnoss of the wlute rat as gt ages s te
develapment of the chrome respirators discas commonhy
called “bronchicetasss™  This < usually be detected casity
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when the rat 15 4 voung adult bout siv months old  Most
attempts to keep rats free from this disease by mostenng
focd spraying the ur with antiepties hvng, people wear
mashs 10 the rat room and the fecdmg of antilioties hwe
falled  The feedimng of antibiotics doces not exen proteet the
teeth of the rats from decay  Some success has been clumed
agamst this lung dhsease 1f voung are transferred to healthy
mothers at the time of birth but no evidence has been pro
vided that such rats can escape the dicease during the latter
blf whieh 1s the second year of hife (\elson 1%.3)

Rats retarded m growth when fed small amounts of hagh
quaity diets delay the onset of this disease until control
anmals hate died with 1t under conditions that arc commonly
termed old age for rats This has made one prthalomst
sugpest that only those who have studied rats subjected to
retarded growth have ever seen rats with notmil spans of
e This mipiit suggest that all experiments that have not
msolved growth retardation have merely dealt with fore
shortened hfe span

This introduces the problem of misleading ttles of arhicles
commonly found in the hterature  Such titles often imph the
lﬂ!gthenmg of life by some dru,, ar system of feeding  Thus
2 det may lack vitamm A and rats fed this diet mas die
Premoturely  The author may give this article the title of

Lengthemng of hife by vitamm A wherens he really means
the premature death of ammals deprived of this v itamin

Statements based upon such titles lead to erroneous con
clusions 1 the Iiterature

second source of weakn,
upon vesearch with e
might have galleq a
Compare diet 4 with dret

ol white rats feq upon these di
£ven to

€s5 10 1 seience of old age based
rats 1s what Sir Thomas Browne
vulgar error Some labaratories
zard to the mean span of life
ets - Often little attention 15
Pathology or other data that could be derved from
Conventiona) statistical testing of the meins 1s
bt d the basic data are ney er published  Since such
S Tequire at least three Years of time and cost much
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the pomnt of view of the hiochemust and nutritiomst i that
they are very subject to eprdemic diserses and diflicult to
use n any ty pe of chemucl balanee work sinee they have the
habit of scattermg feed badly

Mice have the same advantage ns rats and hamster m
passing from birth to old age within a period of about twe
years In recent vears the studies of M Visscher and asse
ates (unpubhshed) have indicated that nuce are very senitine
masmuch as small modifications of dict scem to chwne
markedly the termnal disenses of old age

White rats have served the nutrition laboratories for about
seventy five vears  IHence ther nutnitional requirements
are better defined than most of thosc of the common speeics
In spitc of the long use of rats ther gencties has been httle
studiecd Some breeding studies have mdieated that strum
can be scleeted wiich differ very much m efliciency of feed
conversion during growth  Some strams arc also much mor
subject to tooth decay than others But compard to mue
the rat 1s an unknown in seneties

The nssets of a rat m terms of o two vear span of Iif and
ease of feeding for chemicyl balance studies hve already
been indieated  Turthermore modest knowledge has wecumt
Jated 1 regard to the pathology of this species in old age

Since the white rat has been used more than any otl
spectes for Iife span studies 1t mav be well to serutimze the
wenhnesses m such research s has beeome more import it
m modern times beeause publie intcrest has stinulated the
wnting of an ever growing volume of hterature hiscd upon
a meagre bachground of expernimental <cience Opporlum\h
among writers have <ensed easyv profits from such wniting
due to the large number af older people and the mereased
mterest by most of them i ther own well hang Such
popu]nr\\ntcrs neither desire nor arc able to cvaluate enticalhy
much of the meagre evidence from rescarch Inboratories

The greatest weahness of the white rat as 1t ages s the
development of the chrome respratary disc s commonhy
ealled * broneliectasis”  This ein usually be detected eily

ier
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deterrune i€ the voungs born late in the hife of n mother
misht produce youn,, with a Joncr potential life  No results
have come from this study after several vears but a few tat
mothers have reproduced when past the age of two vears

If one turns from the rat to examine some of the other
cammon laboratory amimals such as the Synan hamster the
rabbit and the gumea g one finds that these have some
assels but probably less use than the rat The hamster would
seem the best since 1t grows, old at about the same rate s the
shite rat  Two studies with this species have indieated that
they have a mean hife spin of about three months lon, er
than the white rat  Furthermore the male seams to e
fonger than the female of thy speetes althou, b this may have
been some aceident 1n relation to the stress of the female of
this spectes when 1t has young (Mclay 1939)

The rabbit has not been used for the study of agemn,,

because of 1ts long span of hfe and poorly defined nutrition
The habut of the rabbit 1 eating, 1ts ght cxercta mahes 1t
difiedlt to study 1

the nutntion laboratory since ammals

mrus! be esther collared orthe comphieations from the ngestion
l\)I P!hoducts cretted m the ntestine he faced Tong ago
i e‘:c mkofl makgned the Targe testine and considered 1t a
habibty 1n relation ln: bfe span - When the waves of seience
onards the large intestne agan the
:::lnt may be the ammal of chotee sinee 1t hoth ereates
nents withm ths organ and carries on 4 substantisl
absorption from 1t h
. pf::f;fli‘\} n:hb\t and the guinea g have rather too lon,
e fe @ interest those who must hurry to solve the
™5 of old g o Furthermore both of these species are

thes

ln\ t:ll:‘];:c;es may proje cspecially valable 1n studies of

by “S‘Qq;:\on The rabhit seems unique because 5t
o otlr speﬂ:scs lEgrde‘atex- :mdxty dunng gastne digestion than

gt et gy 82 the dog and because the rabbit can

wder range of foodstufls than even the rat
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money they are scldom repeated  Our own expenience his
mude us very dubious about the adequacy of conclusions
based upon a single study even when these are certificd by
the statistieian ‘Lhis 15 the reason we repeated our study of
retarded growth three times in the course of about fifteen
years

In spite of these weaknesses of the rat for research upon
old 1ge 1t has great ment  The female of this speetes outhies
the malc as she docs m the ease of man, so thrs griat hwe
problem of so much nterest to the soctologist and economist
15 subjeet to study using the winte rat  The great problem of
extension of life span by the rctardation of growth 1s casily
studied with the rat  Only a beginming has heen made
determmng why growth retardation should affect chrome
disenses and cven the development of malignant growth
Unfortunately, 1 the whole ficld of cancer research no one
has discovered a closer relationslup betwcen nutntion and
mahgnancy than this rather indireet one m which partil
fasting mlubits the onset or growth of a tumour  Either mice
or rits are useful 1n thus arca of inyvestigation (Visscher ef al
1912)

In some respects white rats afford rather umque oppor
tumties  They lond themselves readily to parabiotic umons
m which two mdinviduals resemble externally Smmese twins
and share 1 common many substances exchanged through
the humoral flurds such as potassium odide, lactose strych
nine, methylene blue thyroxine msulin and sex hormoncs
Sinee httle 15 known about the ageing of such pairs of ammals
or even the span of life we preparcd o couple of patrs in the
wurmmer of 1058 and they have sursived nbout a yenr No
one has reported such operations to umte young and old

Rats have been cxtensinely used in psychology research
but very hittle has been done w relation to age  Lahewsse m
Jtudsing the effect of age of the mother upon the quality of
progeny, the rat affords umque possibilities  In our own
labor tory, after observing some years ago that the long
Ined rats eame from a fcw mothers, o study was made to
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themselves  Among the 13000000 older people in the
Untted States only a neghmble fraction are contnbuting, to
studies of their own welfare  There are a few br bt spots of
old age rescarch such as the Balimore City Hospital and
\athan Shock s zroup or the Moose Lodge 1 Orange Park
Flonda
Under the New York Department of Mentl Hygmene are
more than 30 000 older people being given httle more than
esstodial care  One attempt was made seseral years ago to
assemble 900 of the undisturbed older patients 1n one hosptal
to serve as a research centre but thns had to cnd when the
hospital was taken over by the air foree and the commssioner
who had such extensive viston was replaced 1n the admims
tration
Furthermore under departments of mental hygiene are
thousands of fecble munded pitients who are destined to
remain wards of the state for the whole of their Iives Most of
these could very well be partieipants 1 studies of wavs to
imprave their own well being evenif they eould not appreesite
what they were domng
du;\n example of & crude but profitable experument that we
some years ago with the spastic fecble mnded may be
u‘orth\vlnlc The commussioner at that time ashed us to see
lch\]nde could develop some mush type food for the spastic
mslmfé‘? beclausc so much time was taken in feeding them the
i l[:‘::\!xlcn‘iml As T observed the feeding of these bed
Poor dig b :se ti:mt:(tcvdrea\hze they were getting a 5 ery
Potatoes man attendants found 1t easy to £1ve mashed
Yeuetaties ot ™ and carbohydrates but difficult to feed
ln;h and meat  The salvation from bad mainutnition
u ;5 €a3¢ was the daily allowance of whole milk
€r makin,, & number of test mixes we found that one
ofato flour whole wh
“ith 8 small apyon,
satisfac d salt proved ve
and ea:)“"&) l‘;l;}:!]s Iiro\ed simple to prepare with hot w at?l"
0 careful studs could be made of these
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Among the larger speacs of domestic ammaly the doy
the sheep and the monkey all have merit Thous inds of vers
old dogs are hilled eich vear in hennels because they have
become too old for breeding purposes  Part of these an
avalable for research laboratories espeeritly an ficdds such as
nutntion where the anmmals may not be mutihited  For some
years we have had a supply of such dogs giienus Ve hwe
aceepted any registered, purcbred dog that esceuded eht
years of age  In some cases such as dogs from henncls no
condhtions are attached to the gifts  In the case of pets we
have abided by any restrictions placed by the giver exeept
we fnve resersed the right to put the dog to sleep i crse it
was suflering from an meurable disense

Although the dog 1s one of the most diflieult speews to
studv 1 nutntion because of such factars as emotionl
attachments and reactrons to cnvronment it may prove the
most uscful for old age studies because it 1s large enough to
obtam blood samples and because of the extenstye hnowledat
built up during severil centurics m regard to the phy sl
of the dog

Sheep have been little used n the study of agemn.r but are
available in large numbers at modest prices  Old ewes when
they are sent to the slaughter house to be rquyvenated wto
lawb for the concumer are worth vers httle and afford
mespensn e rescarch materal

Some discussion has been given to the wse of monheys for
old age research  Lus use was debated in Washin, ton during
several veirs when the colony of monheys on the wsland off
Puerto Itico was bang abandoned by the unnersities that
established 1t No progress was made an regard to this use of
the colony  One American unnversity has toy ed with theades
of estabhsling o monhey colony within thew pliystology
diyysion for old age research  Tlus would be vers expensiie
and would require a plan of opemtion uuder n proup of
scentists that would be continuous smee the monheys nuht

outlive therr masters
The most negleeted of opportuntties are found amony, men
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older rectprents of welfare 1 for no other rason than that o
healthy person 15 cheaper for the commumty to muntan
than 2 sk, one

Yery httle hns been or 1 bemn,, done i this field It takes
a team of a visionary philantbropist and an i native
muntiomst Co-operation with Amercan welfare departments
would not be difficult

In conclusion, 1t looks as 1f the most profitable team for
attacking the basic problems of animal gerontology consists
of the nutntiorust and patholost  In the field coneerned
with pople the best team mht be the nutntionst and the
well tramed physician
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culdren m comparson with the control group continued
upon the mstitutional diet but from appearances they
scemed to develop better colour and better condtion of the
hair  Recently, the dietician told us that she beheved they
are scung fewer attacks 1n a group of children fud this det
and subject to epleptic type of seizures  This mahes one
wouder if a complete diet nccording to modern nutntional
knowledge may yield results sumlar to those found dunng
the past s ear when a defletent infant food was supplentented
sith pyndowme

In many fields we could learn how to improve human well
bemng by having those tramed 1n research work in this nyinner
with the patients  Much of such work could be done t put
by tume contrsbuted erther by retired or activ e researchers

The lundrinces to such programmes are fack of under
standing of research by the public  The common impression
even among seientists 1s that there 15 usually one group 2
research programme that ss imyured  Such need not be the
case if one studies some current practice compared with 8
supplemented one

Most mental hospitals are admuustercd by psychmtusts
who have a very hinuted interest or understanding, of physieal
researeh  This restriets progress m the whale field of mental
disease and 1s partly responsible for the phrlosophy of bnlding
more and more mental hospitals mstead of spending mort
efforts m the field of prevention and cure  Lhe day may come
nhen the psychatnst will work wide by sude with other
specialists made and outside the mental hosprtals tnstead
of functioning ns now like a serm bhind feudal overlord

Another arca that alfords great opportumties for ro search
with people s m our prisons  Tong ago the biochenmst
1 olin called attention to our neglect of our hife term prisoners
e felt that pirtiespation m a rescarch venture sught add
much to the hves of muny prisoners because it s the only way
they could contribute somcthing to the world around them
As far as we are aware no progress has been made 1 thrs fiehd

Jamally, there 15 great need for contmuous studs of the
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105%) or carbohydrate or even oecastonilly substances lihe
hematochrome (Droop 1904) Too much food of the reserve
type however mav per se hmit nucleir growth and repro

duction  The umcellular green plant Hematococcus plutialis
forms cysts when the supply of mtrogen 1s too small to
support gronth  The evsts remain small and green exeept in
the presence of hight or acetate when they become Inrge and
eoloured due to the accurulation of fat and hematochrome
The fat evsts germunate much less readily than the small
wreen ones  Tohophrya wnfusionum agam (a suctorin proto

200n) can be fed exclustvels on Tetrahymena gelen and can
be grown with 1t as the sale source of nutriment (Rudzinska

19a4) Tohophrya differs from most protozoa n that each
cell has a hted span of hfe which ean be made lon,, or short
by the level of nutrition Reproduction 1s effected by budding
o smalt motile daughter cells not by fission mto two cells of
etal sze and potentiaities  If the supply of Tetrahymena
s moderate and yust halances the requirements of the Tol o

Phrya for therr energy expenditure ¢\ toplasmie and nuclear
growth and cell dwion Al goes well  If however the
2:1’;23?1 :fr 01(') eémlnymena are unlimited the supply of readily

. outstrips the requirements of Tokophrya for
5:}0‘“'(; end energy expenditure and the cells begin to lav

"6 lar, ¢ amounts of stotage materil - After a time they

cease to reproduce m the fiormal way
urn it
and die before ther nor, Y 0 gint celly

m1l life span has been completed
;‘12:25’12;3);:\5 found that the formtion of gants x‘:’an be
evhidyhe 3(1 2dding o muxture of gumylie adenyhe -nd
matersal) "; :hnhd of uraetl (in other words of nuelcar
SWtonan s }:? lmedxu 1t would appear that the
obtam engy l( 115 no control over 1ty appette cannot
enable 3 ngl nuclear matenal from ats standard diet to
Folhes mﬂ)smthesnzl protens and enzymes (Gale and
Inthe ¢y Mpla;: Tapidiy as it ean build up reserye materls

Thus wh
i
nucleny O“e;;x Iml;e]lular orgamsms become overnounished
&ri and division may slow down This will per se
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Fnr plane of nutmtion has a profound cffect on growth
reproduction and the expeetation of hic  This 1s true not only
of complex orgmsms but also of protozon 1t my be true of
all eells

Actrvdy growmng rits pigs and other ammals Lave some
mnate mechamsm which adjusts therr mtake of food and
conscquenth of ealories to therr expenditure of energy 11
the dict at this level of mtake does not contam cnough
protem to satisfy therr full demands for growth theanmal
do not grow at the maximum rate of which they are eapable—
but they do not get fat  In an orzunsm however without
this control over its  appctite  anything which honts growth
without mterfering wath the eloric mtake I ads to an accumu
Iation of storage material ultimately in great exeess  lhe
protozoy Tetrahymena for example ean be grown m a synthetic
medim, and with Dr Hamilton s help we have suceecded i
producing gant cells full of fat by gy, a dict which pro
vided plenty of ealories but not enough protemn to satisfy the
eapraity  for protoplasmic growth and 1l multiphention
(McCance 1953)  We have also produced giants on the
normal—full protemn —dicts by stoppm,, the multiplicition
of the orgamsms with mtro en mustard  One can plas 2
wmlar trick on uneellular preen plants and make them vens
obese by providing them with the feahtis for photown
thests or for laving down roscrve materials but no source
of mtrogen and morgame salts  lhe matcril stored »
more vanable i the preen plants and may he fat (Fo g

186
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It has been reported that undernutrition i some of the fint
sorms leads both to 2 reduction i size and weght and abo
to the reappearance of smm ture features —in other words to
tyuienation  There 1 mo evidence that undernutntion ean
doanvthing like this to the lagher atumils but 1t certasmly can
so delay the metabohe processes that by st the normnl hfe
span of an animal can be greatly prolonged A start has been
made (Brody 1915 McCay 1902 Hammond 1952) but
there 1 still a great deal of interesting worh to be done on
ths subject  There ts as yet no imndication that any of the
bigher animals can be made 1mmortal in the sense that many
protozoa may be so regarded  Speciahzation and mtegration
harve been the cause of this mortality but once n cel} even
of a Mighly speciatized orgamsm has been removed from ats
Surtoundings and wolated 1n tissue culture the system may
become immortal and heart mustle may be hept alive and
beatmg indefinitely provided the cells are able to grow and
Peproduce themsels es

Tundernutrition can so delay the metabolic processes that
ttean prolong the whole hie span of an «smmat overnutrition
@n certamly do the reverse It mav not be easy to over

neurish a normal anumal during growth if the wdeal food for
Erowthss provided for it and our b

35, g s 2 good example of
;S:?b:)rubi- the fate of the mouse which has be:ﬁ o\ ernourl:shed
ihA)nmus“): and Suberberg 1924) or of the rat whose hypo
sy :ars been punctured (hennedy 19,0 1951 1952)
oy r:ak“;m may happen provided something can be
000 gy (DM the meehamsm which normafly adjusts
s ovrrfa:eo foud equirements and the obese ciuld who
P Immmn or psychological easons may be considered
il gmwnc:unterpart of these amimals Onee an organism
requnes t}: 1s generally easier to get 1t to eat more than 3t
e g no:i cnzrgy  expends and the imsurance figures
"X;:cm!mn A l?:mi:bl‘:{‘;t the effects of over eating on the
M““E‘ “d:lar now that effiiency  at alf ages depends nupon
= 1 the tight plane of notmtion In nature the tsme for
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aceentuate the overnutrition and the cells mw become very
Jarge, nuclear grow th and division then cese and the cells dic
The lngher orgamsms differ from the protozot in that thes

+ all have some mnate mechamsm of control which adjusts
their food mtake to ther requirements  In them as i
7 okophrya but not 1 most protozoa, growth 15 hmited and

360+
'
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z /
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5 weeks old weeks of experment

I 1 Growth of two pige one well nournhed the ollicr
undernourished

Iife 15 hnuted, but both can be modified by nutrtion Iig 1
shows the growth curve of two pigs littermates one had been
fed on unhmited amounts of a first class dict for growth
purposes and the other had had exactly the same dict, very
severely curtatled  Itis known from the worh on rats (McCay
Maynard, Sperhng and Barnes, 1930 Brody 1015, McCay,
1052) that this small pig might have been hept Iike thus
possibly even for years while 1ts littermate Iived out its
normal Iife and died  Whether it would then have grown and
matured normally as the rat does remans to be discovered
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for growth  In the early stages the calorie mtihe mawv be
reasonable and although the elnld does not grow the hver
cells fill with fat and the liver atsell becomes enormous
Judgmg by what happens m protozon one would expect that
the expectation of life of each of these hver cells would be
cuttaled and also 1ts powers of regeneration The cells
tertamly disappear before their time and are replaced with
fbrous tissue  If the cluld survives hwashiorhor in fus early
days he often has a small currhotic hiver in later life  Aleohol
¢ ain may not be the forn which kills the hiver cell of the
heavy dnnker so much as the food wlich overnourishes 1t
1t s hughly suggestive in this connection and reminiscent of
Tolaphirya that the nucleic acids should neeelerate the process
of regeneration 1n lier cells (dewman and Crossman 1951)
The pancreatic 1slets of the obese may not die from over
soth but from overnutnition  Why overnutrition should
hasten the death of a cell has not yct been estabhished but 1t
1 reasonable to consider 1t with the apparently opposite
problem of why undernutrition should prolong 1ts hfe
Stanation has been found to rase the nuclearfes toplsnue
fatio of the s er cell of the adult rat Marson Harmson (19,3)
ane of our collaborators found that star ation reduced the
2:&'1":“‘;:‘“0& t:lel:::&;tilhand to s(;m( extent the rbonucleic
{5ce lso Diuden ot “eo‘cv‘nuc €1 acid of the nucleusitsc)f
o an whieh 15 o aymouth 1944)  The cells 1n an
e oo sl ey eh 2omg active growth and hypertrophy
Orermutrtgy o ave :‘1 large nuclearfeytoplasmie ratio
sl whethe. uneaslelsI the reserve maternals within all
Sgregation of i lcte ular or multicellul ir and - although the
0 the b hey o Storage materials within specialized cells
cells frops fan1sms may protect other also spectahired
om the full impact of oy ernutrit; 1l th
Lody St be subjrotad | 1tion all the cells in the
be so lethal? Ay Jected to it to some extent W hy should this
of oy g5 one time we were struch by the fact that in
10 the macs of l':'mm“(h\s decreased the ratio of the nuclens
Wi thig g ¢ cell and that for some reason connec ted
more vulnerable cells then suceumb The
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devcdopment may he Innted and fast growth essentnd for
sunvival  Some of the ngrant irds affustreafc this ven
clearly but a httle pig the ours would almost certamly fall
by the wayside mats natural surroundings long before it hd
reached matunty even if it has three or even ten tumes the
rormal expeetation of o pig s hife m our Little sty Methuselh
vou will recollect, dred at the age of mine hundred and snty
nime vears  We do not know the age at which he mamed
but he appears to have been one hundred and cights <even
when his first ehuld was born  Unless the wnter of the book
of Geness forgot to put in the deeimal points one may surnust
that Methusclah must have had a very sheltered upbrngin
and not quite enough to eat for Ius first hundred years ar so
Unlimited food of the nght hind Ieads to ripid devdlopment as
you can sce from the grow th curye of our big pig who was onlt
Just over seven months old, vet she weighed 350 tbs and had
ovulated three times by this age  Rapud growth and develop
ment must be an advantage in the world at large but ome
the vulnerable early stages of an ammals hife have passed
too much food of any hind 15 probably a serious handieap to
survival in natural surroundings and we hnow thatat s a
modest one for 1 man even m the clostered world of modern
ervibisation We clearly want to provide for raprd development
m early hfe followed by a prolonged period of productive
adult Life vet the duration of hfc as a wholc appears tobe
closely related to the ratc at which an ammal approiches it
mature weight (Brodv  1935)  Tow to break ths n tural
Inw appents to be one of the ittle problams satting to he
solved

These 1deas have a beanng, on pathology much wider tlin
might at first be supposed  If the prmeiple be accepted that
the eapacity of n cell to reprotuee sl s reduced and that
1ts demise 15 hastened by the nccumulation of food maters 18
or calonfic reserves within at ccrtam diseases become more
pnderstandable  Take hwashiorhor for cxample  Jlus s now
thought to be n state of extrome undernutntion ina w canfing
child due to o deficienes of protemn an ¢ssentind requirement
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but natural protection environment and heredits must all
enter mto the picture  The type of overnutntion must also
matter and if there 1s any truth in our speculations bout
hwasuorhor and alcohol 1t may be possible to have the cells
of one organ dying of overnutntion while the ammal as &
whole 1s suff ning from undernutnition It 1s admutted frankly
that these 1dens are speculations rather than theories and
that esen if they ire true thev are generalizations of the
troadest type and there 15 clearly an immense amount of
detaled 1nformation to be obtaned and mte,rited with them
This will fake time and we may not live lon, cnough to sce
it accomplshed  If however we have provided you with
thenty minutes entertammment and given you something to

:;xmk ahout this s all we can honesth say thatwe set out to
o
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matter, however, 1s not qute so siple as that for the evidene
s that our hittle prr wha was certunh undernourshed Jad
firger Iiver cells than those of her big sister or of an adult pr,,
These contamed marc protemn and nhomclere aend and pre
sunably therefore more cytoplasm  The percentage of fat
was lower than 1t was in the eells of the well nourhed pr,
We have therefore been led to suppose that the lethat factor
15 1ot so much the size of the cell as the nature of the matertd
enlarging it Too much resers ¢ matenal inside the eeli s the
trouble, or perhaps too much mside 1t for too long  This n
wtself 1s no ‘esplanation  but 1t 15 possible to get a little
further by venturing mto the modern world of ecllulyr
organisation and enzyvme chemustry  If the metabolm of
the cell 1s directed more to the handhng of reserve materrih
than to the synthesis of protemn and nuclear substances
adaptation and mnerease of all the enzymes required for the
farmer may be expeeted to tahe place (Ticuer and Schultze
1950 Davies and Yudhin 1952) as happens 1f a bacteral
colony 15 subjected to a change of substrate or to some growth
miubitor  This reorganiation must affect both the deoxy

and nbonucleie acids in the nudeus and evtoplasm respee
tively (Brachet 1954 Cale and Tolhes 1953) and mw
dsplace ar reduec some of those enzvmes withim or without
the nucleus responsible for processes essential for growth and
reproduction When now the stimulus for reproduction comes
the orgamsation of the cell ts not ready for it and rc adaptation
may tahe some time  Lius would lead to a slow mtial repeo

duction rte (as of the large coloured cyvsts of Haunatococens
plutialis) and would also explam the posalnhty of a return
to full reproductive actiaty 1he higher orgamsms are
paturally morc comphented and alt the cells do not succumb
equally readhihy to overnutntion  Some may be prnu‘cm! m
vamous wans  Overnutrition i the lgher ammals may ¢wse
death from s mechanienal effects and also from humoral
causes (Fihtonnl, 1058) but there must be some reason ot
eell level win overnutrition halls  One would expeet bl

spranihized eells ke those of the panere ttic slets to Lo fint
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frut fhes and cantaloupe seedhings  Dubhin (193) using
the figures of the Metrapohitan Tife Insurmce Company of
New Yorh b further mdic tted that Tat people who lose
waght lne loner  We know very httle about the ¢[feets of
overnutnibion an chuldhood  but there e strong idications
that 1t may be mportant  1or some time past 1t has been
taeithy assumed that the maximum growth of children s the
optimum 1f one ehild has a greater size than another of the
same Chronological age and sex there 1s a tendeney to state 1t 1
superior. Widdowson {1947) m her admurable study of
cluldren s diets writes of the weights of girls bein, n fawvour
of the professional classes  with reference to her tmding that
these guls were heavier than those of the same age n tno
other classes Morant {19.0) wnites of the heilhit standards
for Brtsh children of patticular a_es  improving from
decade to decade f not from vear to vear Are chuldren
who are feavier necessarily more fivourably placed  than
childeen otherwise comparable wnd 1s an nerease 1w height
Recessanily an improsement?

At the end of
Fround from Iy
they vere mal,
Western Hollany
estern Zones
children werc pe
OHder to compa
e searched thy

the war we measured children evacuated to
berated parts of the Netherlands becruse
nourished  children dunin,, the famme n
d and malnoursshed children m the three
of post war Germany  In general these
arly normal in height but low m weight In
te their hetghts and weights with standards
o o ¢ Iiterature for these and made the not very
for di htsc;)]\ ery that such standards w ere of poor quahty,
P“Ul\)ncds F‘ €} were m general worse But thus study of
Yhoo ):2) lg\l:rcs mdicated (Sinclair 1948) that msuflicient
hich o '3: CLn gtven to the most desirble rate
boy of 1 ﬂ;) Recessarily the mavimum rte We ¢
}:h Melve years taller and heavser than he woul
e é‘ ”m-’“{"‘é' antenior mtwtary lobe extract A
h\rn\al,;m 'l?l Inm heavier and probably taller
tore d" tere 15 mdeed a tendeney amongst,
Rard the chulg of Perfect nutnture aq phicid

d otherwise
lternatiy ely
bv superaly
nutritionists
rotund red
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My grent grandfather Sir Tohn Simclair who was fonnder
and first President of the Bowd of Agriculture and who fur
better or for worse introduccd the word ‘statsstics* nto onr
fanguage had a puwsion for codifving knowledge  He n
gretted even i 1507 the lnrge number of prnted books and
papers, although 1t 1s only fair to add that he was himself
responsible for 122 volumes  Such smmense masses of
printed paper can answer no good purpose  and are a hewy
ford upon hterature and the acquiation of useful hnowledgt
(Smdar, 1807)  In his four volume  Code of Health and
Longevity  (1807) he gathered together o mss of informy
tion relating to the attamment of old ace and in this dict
plaved a consprenous part Dr Clive MeCan las done Bhewine
m o numbcr of inportant publications hut unlihe my ol
grondfather he has supplemented s reseirches with
experiments upan lowcer ammals from cochronchies to dogs
Of course others had carher condduded that a spare diet
prolonged Ife The \enctian nobleman T uter Cornara (1508)
and the Miller of 1 ssex were driven by boad health to adopt a
smple diet but that great proncer of experimental human
nutnition. Witham Stark concluded (1788) that they  wer
drnven to temperanec as thar st resouree nnd  the )mﬂu\
bty 1s that nothing, but the dread of former sulforings coukd
have given them rowolution to porscvare m so strict a cotrse
of ahstinence

Ve are all thoroug his fatmlir with the cvidenee tint oser
putrition and obcaty tend to shorten bife thas has ben
demonstrated for such diffirent org unams as man mts teout

103



Rarmn MaTURATION ANDY AcT ING hird

and inereased the duration of hfe from mneteen davs up to
toenty mne davs hopee (1928) reached simlar conelustons
with Drosophila caterpillars and trdpoles and others using
protozoa {Rudznsha 1932) Cladocera (Ingle, 1933) mce
(Tamenbaum 1947} and rats (Riesen Herbst Walliher and
Ehehjemt 1947 Templeton and Frshoff 1949 Sherman
Campbel and Ragan 1949) Carlson and Yioelzel (1946}
fourd that alternate fasting and fceding nereased the hfe
s7an of rats without wflucncing the growth rite The most
edenive and important experiments are of eourse those of
Helay upon trout and rats {MecCav Dilley and Crowell 1929
YeCar Sperling and Barnes 1943 MeCay 1902}  There
@ be no doubt thatin generat underfeeding of fower animnls

Qung the growing penod delays maturition and mere ises
the e span

Hthis is true of most fower ammals 1t mav be true of man
m whom wndved there 15 cvidence that overfeeding hstens
puberty (Bruch 1941 Te Marquand 19a1)  Yurther s
Brudy (1955) showed differs from other amimats m
Spending a relatyy cfy lou, tune 1n reathin, maturity whichi iy
this contev imeans abihty to reproduce  In shorte mng thys

period by o erfeedin, we may well be byrmng children and
x)xorkel\mg their hfe o

Enolind has

1 concluded much
eI gavewm Cambnd, e Mass g
eatlier (Sinelarr a1} 1 think we should

Mum rate of growth of eluldren 14

~TOW more quickly and
cOft EOUP 3k s be maimt uned that the
S~ ndn 0 Stamn By of they 41w faster when

mImstereq although Presumably the same
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fnced, and seated i contented contemplation of ity folds of
flesh Duning the past scverd vears there has beon o marked
merense i the rate of growth of culdren, although m I oglind
md the US the adult male heght has ronamed unch,od
It has not heen shown that this mercase in rite 1s neecsanly
advantageous mdeed 1t munv be undesirable sinee the long
time taken to reach maturity 15 charncterstic of the humw
gunus Morant {1950 has assemblcd an impressise mumber
of data from which he has concluded that the maximum niewn
height of Bntish men 1s attained earlier but 1 not greater than
1t was a century ago

1hese conelusions of Mor it have been entwsed by Boyne
and Tetch (3954)  [he Invman of course fiels convinecd
that Lnghshmen are now taller than their ancestors they it
therr hicads on beams of old houses and suryiving sty of
irmour are too small for the avernge man But the ar,ument
wetk as b s from the wize of armour might be fallcious
heewse of the tendeney for small sty to survine Lint of
the smaller suits were m fact incony cmently simll they would
be nsed less and would wear out fater Sccondly, s ancestors
moyved from eastlc to manor to house to cottage the smallist
sutts would tand to remam i the famdy sce they would
need foss cdeanmg occupy less room and be less valeble
as serap metal

Over o centuny ago Fdmonds (1632) produced s fien
theory of the enuse producng hoth and tangenty > He
behieved that hardship in youth tended to decrease the eate of
maturmg and estimated that an ncrease of aovewr m the
durntion of mfaney could increase the hfe spwm by scven
vears  In lower ammals varions worhcrs have shawn that
underfeeding durmy the rowing ponod dedass maturity snd
lenpthens hft  hello,, and Bell (1001 prolonged by ths
means the time requsred for metamorphosis by slkwormiane
and Pretet (1903a b) did the sune i butterlhes Chapman
(1920) prolonged the Wic «vele of Irbolium confusum by

Northrup (1917) found that madeguate feedm,

mamtion
o this peoml

of Drosopluda duning the arvad peeiod proton,,
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subject for research but 1t 15 possible that there was defictency

of nboflasin 1 some of s diets  Jolhffe and colleaguey
LT Funare Frontal Maggiom Corbo and Lauersno

13:8) have been studying the effcet of vatamm By, (20 pg

daiy) on the growth of Jtakan children and n the mbal
seven months found a significant increase i weight  In the
scmnd\camfstud) (Jolhffe 1954 personal commumeation)
simuficant mcreases 1n weight have agamn been found but no
sgndieant tcrease m height whieh 15 surprising suice the
INCAR worhers concluded (193) that Throughout these
studies rate of gan 1 hieyght has proved the mare convinetng
bl In Ind, 1t bas been found that tamin B,y
006355 10 fiave no effect upon growth 1 undernounshed
chuldren whose dets are nadequate {Annual Report Nutriton
Researeh Laboratories Coonoor 19.3)

He do not know why oy erfeeding produces carly matura
fion Overwerght mothers tend to have large babyes, so do
dubetic mothers pethaps because they have preater ratio
“ dlteayon to wsbin And the for
(Elnek 19,3

rmer stimulates prowth
) But the longer tife span of anymals that are
nderfpd durng the growing

veried appears to be a general
et acerning 1 avamals that baye no pancreas  If length
of e span 15 talen a5 o entenon suehl animals should not
‘P‘("hapi be regarded as  underfed ther diet should be
ki;‘:'l(’ed s the normal one  Whatever the mechansm I
years °ﬂ’\“l’53t what I have been muntatuing for the past few
of o 4 untsl we know more aboyt the biologiea) effeets
_— matnition dunng eidhood we should be careful of
“reluding tht maxinmm growth 15 the aptimum

B REFFRENCYS

Boraey 3 AP G D (005 Lanr 1 L4

Buny § (op, CILETCH T (19:4) Nutr Abs Jre 24 20s
Bevor 3y Q04 Broenergetics and e

fowth N\ew York Remnhold
Contoe \(Ig"l J Pediat 19 360

3 Horuze, ¥ {104

Unrn 3, Q06} 7 Auir 31 33
8 1 |~y
o 3 4 o 9 A ent dor dmer 13 175



198 II M Snaam

clum would not he made for aurcomy e Indeed we hnow
that 1t 15 possible for deficieney of vitanun By, to anise
striet vegetarians  The problem w not merely of academn
interest since very large arcas of the world cannot be and
probably never will be supphed with suflicient antmal protein
to meet optimum demnds and the question of supplomenting,
vegetable protem with ammo nads that are lacking or with
vitnmun By, s an important one  Several toalds fase aleeady
been carried out i some of winel amimal protem was com
piwed with e etable protan n others supplements of
vitamin By, were added to vegetable protem None of thiee
trnls 15 conelusive or satisfactory  usually beewse the test
has been of too short duration  In short trnls Widdowson
(1918) and alo Comezr Calvin Bimvenn and Cravioto
Muiios (1832) found no superonity of nmmal over veetable
protem  [or the put three vears the Institute of Jutritien
of Contral America and Panamn has been studying the prob
lom (Scrimshaw and Cuzman 1933 INCAP Annual Report
1953) no cffect of n supplunent of anmnd protan win
found amongst dldren of 11 Sihvador apparanthy becaus
their dict was deficent also i other factors: but m Cutemalt
the addition of vitamun B, (20 2) to cnldren on a bt
dict of 0 g of ammal protan daty produced over s penod of
cightecn months o dn by s mlicint increase 1 rate of pun
wm haght and waght - Others had proviously clamed postise
(fleets with vitanun By, (Wetzel Targo Smith and Hlikson
1940 Wetzed Hopwood  hucchlc and Cruemnger 10,2
0O Nerl and Lombardo 1951 Chow 19510 Wakde 1952 Spres
Drezen Currte and Buchl 1952 although negative reports
huve abso appoarcd (Dowam, 19,0 Rascofl Dancwitz and
Norton 1951 Benjumun and Pirre 10)2)  none of these
tots was conclusne D (1053) made o detmlal studs
on undernourished German dnldren of the feeding of phut
protans and considerad that adogquate substitutes for un'l‘-
conld probabiy I prosided from plint sourers notin,, the
Be i efect ol adidm,, asmaltamonnt of ik N s gested
that the addition of vitmmm By would b n Tughly ampaortant



201
Geverat Discussion

snerun S (1807} The code of ‘peatth arul oo eVt Lainburgh
11 Davies snd Murray

‘!l:?;%b‘;)mw § feame © sod By € € (ous) Int &
Fotam forsch 23

418
St B (1 8§} The works of the Iate William Suath M D London
Joha

son .

4 (03} Anm V3 dend Ser 49
?.?If;?:f" i ,‘f and Vasware B A 1939y fmer F Hhysel
158 3%

Wimr,n € Famoo W € Ssrm 131 and Hstwsos § (1949)
196 6 2
Wcrfsxl,m\t ¢ Hoewoon M H Burcme M F and CRUvFnGr®
B8 J el Sur §17
\\mmwso(\ E)\X {1037) Medienl T ecearth Countd Specsal Report
es\o 7,7 London ILMSO
Wionowson P AL (3M8) Brit med J 2 104
Wune B (19 %) J Fedat 48 ofs

DISCUSSION
Dtk Dr Snctur \eu compared Ditch haghsh and Genn in
children what was the standard? Did you compare the & erage het W
f the populstion 1 these different countries” "
Sinelnyr That s oo estrersely waportant question whieh concernel
u8 vers much whert we nere stugving tre hey his and weights heeavise
of the enormous dfferences in diflerent rawsd groups  The Bavaman
thltlren are shorter and storkier than the vorthern chsldren but the
#ar fards emploved th Lermany tepded to come from the south trom
Vom Parnuet  clynse. and he swas Targely st bing Bavanan chuiizen who
w2t hot fypeat of the children we saw up e the north Therefore Taid
=lees 1 s the chart ¥ showed chuddren whom we regarded as betog raoialts
cumporable azth F n_tish children frota which aur standard sas adopted
Medawar 1 should Iike ta ash, Dr Sinclaw a question tbagt defaved
Baturtion m relvtion to the mcreased expectation of ki e guoted
e fignures ygoestiar very tentatnely that e year ¢ delased maturs
B nome bt be worth seven extra yeats of hfe and ke al o mentioned
Morant an remston of + hether or 55t Enghshen had grown bawges
1 the Cuarse of The last century  As I remember st Morant s $atn
Heasced that ¥ b listunen hiad nat tacreased 10 e o3 er the past hundred
e but that they st reached thew mranuas sige 1f 4 outale thatas
atolex fmatunts noles thanfveyeansearber Inotherwords \e e
Tulin matunty tdas five years earker than was the cwse m about
%9 shmld fatn ¢ fie correlated with a rather drmatic chanpe
e an evpectats a of bte Artually the mean expertahion of hie at
£y Bt ur sty hasa ¢ ehanged very much wer bt §a 1 undred
b oan s Lar s 1t Bas changed st Bas nercaset Bhese s st me
W03 foney there shach perhaps ougld 1o be clinhied
Drelar Yea 1 thuah that is unpartant  If we take the reaclung of
whalt iz a3 atit tadex of maturation Vorant sho ved that \hat af pears
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DISCUSSION

Offneh De Sinclair yon eompared Duteh Fa b and German
chldren what was the standard’ Did you compare the average beight
of the population 10 these different cauntries

Swmelmr That 1s an extremely mmportint question which concerned
5 vers much when we were studying the heights and wepts because
of the enormons differences in different tactal groups  The Bavanan
<huldten are shorter and stockter than the nerthern chuldren bul the
standards emplsed w Lermany tended to come from the south from
senFarquet s chrue and be was lasgedy study ing Bavarian chuldren who
were n ttvpieal of the tutdren we saw up n the north  Therefore I did
sele 't ¢ the cliart I sho ved Tuldren whotw we regarded as beang rac ity
¢ mparable with § nghsh Chldren from s fuch aur standard was adopted

Metovr Tshoutd Gkt ash Dr Smddair 2 gue ton about defaved
matur thon n relation s the mencased expectation of hfe  He guoten
waime figur < suge ting very tentativels that ine ear s delay od matura
uen micht be v crth seven estra vears of bfe and he al o mentonert

Tl stz b of whether or not Lnglishmen had prown larger
Wth o« urse of the last rentury As { remembier st Marant s data
Bone b ihat § nph himen had nof merensed m ssze aver the past hundred
e § ot that they had renched their maamum size f you take that as
Mhader fmatuntsy v lessthanBveyerrventlier Inother words we are
rechu matunty t d o\ five years eatfier than was the cise m ahout
146 Shoull that ot be correlated wath a rather dramabc ehange 10
thoe O Yt nof et Actually the mean expectation of hie ot
stofatn £y e i Gasn Lohanged vty mach ver the Trst hundred
1 bCt ana far it has cianged b ha creaced  Thercs & me

@ a .(\ m{ \h\{c“\ \x\ch erhaps ought Lo be clanfied

S oadnr s )

A S L O Ry St e zeachun, of
rent shawed that what appers
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1o be happong, 15 that the adult haght » undhanad but that ot s
reached at s considerably earhier age  Now there are <o mny factan fn
proventine medume that have come 1a dunng the 135t century snd
Bive tended o incrense the spaw of hfe that 1t ts wpostik fu the
study of & whole population to sart out the posabh deerease of the xpan
of hife that nupht be produced by tlas ewrhier maturation from the
enormows yrease that pdances in medscine have braw bt ehout
e 1 argmng from lower animals to man in suggesting 1hat inmanal o
eazher maturation or earher eenching of aduit se mi,ht deerense the
span of hfe other eovironmental fictors besn ¢ the samd

Larfes a1t roath fair to » 1) that the span of B has mercwsed? s
I understand 2t the expeetation of hie at birth hw ineressed grewthy,
but the evpoctation of fife at sevents s now enly abaut siy tonths
foner than it was o hundnd seas ago and 1 sees to e therefor that
the expeetatu i of bt m the bl ik vense at any rate 13 just abont the
sune although thero are gaun more poople hving long enow b to
expeit it

Franklin: Would Dr Sumdnr definge maturation®

Sancfmir £ ghaph that o guestion for a biofo st

Dartlett Tay tat the case that muturdion cannaet povably be defined
58 dersns of & pomt 5ichod at Ui end of a process of chingey If the mte
of maturaton has any rclatian 1o length of Wife 3t wurely st itve tado
with the rate of some of the processcs s reachung this il pont e
1 ause ont (annot asstne Hhit €3 ery process that s avohved fs fngreasiug
at the same rate One noubd asnme whwo that the earlier age rwoges
must vary amon, thiniscdves o Lreat doad Maturation @ not one LITIRY
process whatever it s and § houldn ¢ mve thought it could poxibly
be defined n torms of o terman d porat o f some sort

HBrell T feef st will D impusabi £ auswer the e stion on hnean
beings e thoy Ine w b, and thoee i the proeress of medicne i
of Inpiene  Beofore vou cin ine the rownlf of vour cvprerdment an the
dinkdren vou arc con wdonny, modiane witf o made smure progew
Thie reowon wha poep b b Jonger s ondy duc o victory oner frfition
desers wot to auprovement i autntion Crown ap peopile eat Ihe
fools or 18 thosr governmant fots thom cat or as sduerddiements templ
them bt anmidy are fod soentilially so studies must be nvade By
comparative plinalopy thore woae way out

Mreveher Taumes with wr d sedesc bt £ by akd ke to ash D Sind ddr
1 e Pk that < arh aturdaon 1 mze means sho sl maturition i
enpacity for roproductien € v mstane

Sipefatr T hnd that i mund snturaily but 1 thish size v an caskt
cortenuon for measurumont W h of v st iy culy o soall yurl ';
maturstian We also toch another crtorion namely the mm-xi n‘
memstrstion and tned o ot information about that in populition
thit ar wudoubicdly on dilorent planes of nutrition but we huore r‘\m
site the dificutt probl m of primitive sadcenouroded garks not i;‘l: ':‘( ';.;
ke s T1asvory defrcudt s von an uily Too we i aware |‘umh" e
what s foppontd an p st sOes o the fipures ase nute r" i
¥ fraed Diopind 130at T oonbd pot sos o these figures oo 38y o9
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boys suiping i
in Otord becawss for centurics past “e\ ‘e‘da\:wel:-;f:id\ere e oﬁr %er\
the chorr and § have unsurcessfully ‘“‘Chl‘ h chomsters cewed. to be
ood Teeotds to find out tl: ;;geei at which

sters shen therr voiees brol
rh!;?z(ﬂntt 10T could make one point about the attawmment c‘( :Qh“t‘gt
tunty generally there1s na dow

ductne matunty in rcfation to ma Yy by g
delay the onsct of sexual matunty by gring

alt that 1n atumals 3 ou can delay et of popers ol

them $ro htle to eat and in chuldren there ure i num) by

of which g0 to show that the ehuld wiueh 1s over sized and O\Cr‘

wer ft ottaws sexual matunty considerably eathier than the normal

chid

hrotn But the reverse 13 al o true that if vou feed amimals too well
thev are poot breeders and begin to breed later than normal -

eCance Yes thatistrue W are afl infercsted 1n our depastma
i the fact that show ammals may not breed at all Thatis one mm(}n
Ibelieve why show breeders hike to sell their ammals at the show for
hey kuow they mav not get the anmals Yo reproduce

Guneh Prof MeCauce 1f aperson grets fat after maturation andisthen
put on & reducing diet does he hve fonger?

WeCanct 5 don t know

Sinclair Dubln last yeat published a paper 1 a hittle known journal
i which be analy sed a large number of the Metropolitan Life Insurance
fivures ani concluded that fat people when they beeame than did ltve
i nver The basis of that conclusion 1s a very difficult one to follow but
e has wnitten o paper precisely on that point.

Prrfes Lou mean they hived longer than they wowld have done 3l
1h*y stayed fat or than ordimary people

Sinclarr Longer thap if they had remamned fat

Partes That toust be very daflcult to prove

Siaarr Tquite a,ree but by a complicated anahsis of hus figures he
triched thes ronclusion and i fact the title of hus paper s Fat T eople
W Lose Weght Line Longer (Dublin 1943 “atonal \dtamwm
¥t undaton \utr Symp Ser 6 106)

Lenstar Isnt there another witerpretation yerhaps that one who
£ 10 1he trouble of trving to make binself thin 1s alsa conscrous of o
deure D longevity and cenerally looks after himself better than the
carewer who stuffs omseit? Tt seems to me that Vestern culture has &
Aty regard for the monastic way of Lfe there 13 4 moralstin
fretir hieve that 1t ahouldn £ be healthy to eat well or to smote or to
Intulze 1 physically pleasant actiities Ve never hear of the fact
$lach srems Yo be true that aleohol wn moderation 18 tonduene to
¥ ugesits

Larkes 1 can sugyest one techmique wluch mmght be useful for study
g e relation < early increase i size to time of raatunty of vanous
Part of the bod) anl that 1 the foster mothering of newborn ammals
fem e peies on to o larger species Years ago € percuaded rats do
T (W) ronn iy to see of o was g practicuble procedure  Fhe
© Wltes n postivedy taenny The y oung ruce at the age of three
eeks when nommally ey would average ahout 7 £ Wmweight were up



202 Generar Discussiov

to be Bippemn, s that the adult hesght unchanged but that it 1s
renched at a consideribily eatlter age  Now there are so many factorsn
preventive medicine that hase come in during the last century and
hue tended to imerease the span of hfe that it 1s mnpossible 1n the
study of n whole population to sort out the possible decrense of the span
of hfe that smght Le produced Dy thas earlier maturation from the
enormous ancrease that advances m medicine have brought about
One 1 argumg from Jover anmals to man in suggesting that inmanal o
carhier maturation or earlier reaclung of adult size mght decrease the
sprm of hfe other environmental fictors being the same
LParkes Isit really fur to sy that the span of ke has increased® As
I understand 1t the expectation of hfe at birth has mereased greath
but the expeetation of hfe at sevents 1s now only about six months
longer than it was & hundred y ears ago and 1t secems to me therefore that
the expectation of life 1n the biblical sense at any rate 15 just about the
same although there are many more people hyving long enough to
espect 1t
I rankhin Would Dr Suelur define nrturtion®
Swclawr I thnk thit « & question for & brologist
Dartlett Isn t 1t the < 1se that mnturtion cannot possibly be defined
w termus of a point reiched at the end of o process of change? Ifthe rte
of mturation his any relation to length of Iife 1t surely must have to do
with the mte of <ome of the processes i reaclung the final point be-
cuse one cannot assume thit every process that 1s i olved 15 increasing
at the same ™ie  One would assume alvo that the earher age rnges
must vary among themselves a great deal  Vaturition 15 not one single
process whatever it 1» and ¥ <houldn t have thought 1t could possibhy
be defined 1n terms of 4 ternunal point of some sort
Brall T fecl 1t will be impossible to answer the question on humm
bemgs since they Iive so lonz and there is the progress of medicine and
of hvgiene  Before vou can hnve the result of your experiment on the
children vou are constdenin, medicine will have made more progress
The reison why people Iive Jonger 1s enlv due to victory over lnr(‘(‘ll(lih
diseases not to tmprovement m nutnition  Crown up people ext ] :
fools or as their sovernment lets them eat or as adyertisements temp
them but amml are fed scientifically so studies must be made by
varative physiolomy there t» no way out
m‘:‘l’::;:l:er Il:\m\ with $ir Frederic but I should hike to ash Dr Sicluir
1f he thunks that early maturition m size means alo el maturation 10
wpiets far reproduction for instance
¢ ESmthm I hl'nl that it mund maturallh but I think size @ l:lm r:L:l;lt’
cntenon for met urement though of course it s onl 2 smal l“:‘l’l o
miturstion We al o took another enterion namely the ol;l rtons
menstruation and tned to get wformation about that p('};n“ o
that are undoubtedls on different planes of nutrition bl;t “:‘ .
mto the difhrcult pmb!|m\ ufl prumtive ‘r‘::}x?l’:“;‘;:o“s\:‘:l‘: :‘.:‘x‘rls': o b “u;
ir e~ It seny dithicult asyouw ble
(\\]TMI Inis Iuppencd m pa theirs beewee the h:!\““; v ":I"‘t “:‘l:_:;"‘:‘]'l e
I had hoped that I could get some of these figures from
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Coredry Mas Toach By Ssclare whether the restricted et durtag and
£ i the war has had amy apprectble eifect an this country ¥ M
Tase 5t pund the statements mmanatin,. from Cabformn 1hat eating e gt
1 bad beewse of the cholesterni  The et n eggs has been sers
rostricted s Brstasn Jor mudlions of people thotugh the ime may not have
been suBent to see any results  Have there been amy wgmfient
fe ults from egg deficiency ?

Tuntnd ¢ The veduetion s egg consumptson in Creat Britan during
the war was not as great ay it appeared  Figures quoted by a speher &b
one of the weetsngra of the \utntion Socsety suggested that the eal
cansumption of epgs per head of the population was appreciably greater
thag that of the oifia Teturas and of the ovder of 7o per cent of the
pre ssar firures

Coxdry In anemals there 18 evidence that chrome underfeecing
smuficantty reduces the mesdence of spontaneous tumours We Rate
had 1n the hate v sr many people who have been starved almost ta Qdeath

th E? smowes ht 4 for qute a long ime ¥
wautl ke to discover whether in Britain anyone 13 conststently follos
i, up the tstories of thaae that sultered thus hand of & handicap 1 the
war

Naolayren In the last vear or tno considerable atterhion has been
Txused on the fate of Danes and “orwcgrans hept 10 German coneen
ration eamps 1t appears that the number of late damage eflects are
sowsionly appearing ‘Thes are now trying to organsze a thorough study
of these people  The study was ongnated m Denmark but they are

naw trying to do it systematically m Norway Ve hane been quite
siepnsed 1o sce vhat they could tolerate

Lowdry It will take tame of coumse

Erankim T behere the Dutch people who were starved dunng the
War hud o munk lower wnertence of eclampaa whuch st make e s
difference to the length of Life of vomen

Senclate That ©thank w cortamdy frue Tt s extremehy tiffienlt to
snalyse hecause m the famme mn the Netherlands there were so Thany
ier relevant fartor  such a5 sho was admitted to Thosprtal But 1
tink 3t 1 generallv agreed that the thudence of eclampsia was con
sterat iy gecreased

el anee Ve te had 8 inguh discusyion about  hether the slow
?1\x||nmmt o1 maturits leads to 5 considerable tmcrease 1n the span of
\x’& and 1t has heen mastls about human bemgs I can understand that
h\».« o miost img ¢ rtant question and all sorts of pokey may ultimately
s bipenat But ¥ heuld have thowght that this wss enunently
:::4;1 1‘;:; :lu n[;e:xmcn\rm sttach  Claule Bernard always made the
he solution f \our problem depew X
wmmal % th the r ht animat T shoutd ha\p: ::::-?)?tn tﬁ:‘t“(?x%:;‘fﬂ:ﬁ‘;
?r:‘: e sched ecnelu wwely 1n geacral terms tn about fifteen 1o twents
F Vel oy talhed of many aniaats but didn § mentso

:m 1atticutardy £ a8 5f and thatt the deer ’rh‘e' d;r:t:}:;?: 3:‘5 :‘em
™ only fifteen sears gnd has ane portnt charetenstic ?t
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to 18 or 19 ¢ and were hirge round sphercs so heavy that they couldn t
with  IHowever, 50 fur as I remember the ae at matunty didnt
appear to fiaye been altered

Ferzar I tiink we have ag un reached a very basic question of old
age research whichis the question of orgamzation  If we want to get on
with the problun of whether nutntion mfluences agem,, statistieal
anilysiss probably impossible  As Prof Brull hs sard 1t would only be
possible o use ammals but if you use aturmals you realiv ean t compare
with human nutrition  Perhaps this conference could propose an
orgamzation which could heep up continuous reserch on ageing on a
defimite group of individuals

Cotdry T azree with you heartily  and at seems to me that while we
ean t curry rescarch through the earfier yers of ifc we coufd through
the Veterans Admimstration ¢ irry 1t through the later ycars from carly
maturity right to the end It 15 one hope of the Lhird International
Gerontologieal Congress which s about to tahe place that we will try to
establish methods of phy stcal examination on both sides of the Atlntie
that will yild results that can be properly compared 1n these large
groups of population alwnys receiving free medical attention

Comfor! One pomnt nbout longitudinal studies ansing from what both
I'rof Medawar sud and what Prof Versar said 15 the diflieulty I think
we shall 1n usm,, landmarks like the he T und 4
that in a mused population which 1s not genetieally homogeneous one 15
quite posstbly Lo, to find that 1t 15 the ripid developers which are the
longer Iincrs, as 15 the e with hybnd vigeur  Perhizps the situation
if we do Jongitudmal studies won' t really be analogous to that winch
3ou getaf you tahe 2 furly umfonn population of rats and divide them
mto two groups and run them ag unst each other

WeCay 1hat s 1sery mportant point wieeh should be stressed If
onc tahes & group of rafs and compares the very slow growing with the
very rapdly growing it s silar to takin, a population in which enc
has let us sty teenagers with tuberculosis who ate grovimng slonly ant
who are condemued to an early denth unless the tuberculosis 1o cheched
Onc will always hve some discased animals that will tend to grow very
slowly and die cirly  Ihere his been quite o bit of confusion with
regard to the effects of retarded growth mon, st a group of rats of that
type where one has dise ised and healthy ammuds

Comfort It was particulirly brought home to me by seeing some
fi,rures some of my colleagues have got mn the case ol rate of gronth and
rate of development in rce of ity brrd and nbred lines  Lhere m the
ease of the vigour vou get heterosss 1t 15 perfectly elear tint carly
development ocs with Jon,evity and with fong, reproductive hfe You
get the sort of mouse (I think it was one of Gates crosses) that breeds
eathier thw aaybody o ¢ s mouse and also secms to live longer and gres
on breedin,, loncr than anybody cve s mouse Unless we hnow wh \:.
the genetic composttion of our populition 15 we may be nusted by thnd
sort of effcet Ttas I imagme posstble to breed both an els duclupc;
and an unusually vigorous mdividual if you have the npht degree o

heterozy gosity
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enlence for an ae chanye sn basal metaholian dapperrs® So Lanc
dined t question :;rnfh:r there 8 an actusl slvcs of the eellufar
nelhobam as vaw get Gler T thynk the Amp m vz :vmmmprmr;
»hich we all see 15 smply 3 eflectinn ¢f 1he Tt of funets samy refs an
ther veplscement with nther non metaholin, or 3t leat 1 wh
metabohsmg tt qes

Cordry Howeser st wed to be thougt
dehydration reduetion in amonnt. of wal
tisvoes And then Hastings and athers
that this was not the rase What 13 the sitratme now?

Shock T thuek there 13 question but that the trtal witsr enatent af
the ammal d creases wnth age Lsng

t that there was a wemf gt
ter per vt of weirht w okt
canae alng an { seemed to show

hes 13 probablv a Bhvsclomeat seflectan
iy sbrened fss of nambers ng eel's with mrrea, g

Mclonee | dsnt Lnow anytlung about the water but of vom starve
2 pron gver ety he deryes exactly the same percentaze of hus
besal ealone requireinients froon b

hase does nrt change wrmfieantis at
feast OUT froup of subjects T4
o the hustolom -u)
e

reaking down ot ks awn tosurs 24 @
10un, 6duit Gneg 5y nLht on wte off age that halance seema to be
P’?cntd.
Celey Can vau say thay the 1
et (s a3 that the basal metabe

Lie rate i females ¢ n
Somen hat {iwer than males for the same age and that that 1= in
e Way related ¢ (nereaved hife span

MeCunce (ygr worh his alf been dr pe
€0t telt you 2Pvthing about old women

ey Phere 1 na proot of any sex difference in any smmal other
than man

L dry There 1y a difterence 1n man 1a 4 there®

MeCay Apgarenygy yes

Stork Bt the Temale has more fat an her from the start so that this

0 be & question of relatrye amousts of fat, Lnfortunately we

s :( ;!gtnc any Smd‘t“ o0 women and T d ke to hagw f one were
% ¢ Snsumpty h

0y som G it PUon sith body water srhether there would be

Sacleur 3 think yneey heys hag <cancluded that 1
TERCE i term of pytrye etalioh img & sue -t 1 1

o old men and Tm afear t ¥

58
fat.
éwdr: Bat there would be difference i terms of 1otaf wer ht?
U'r’:r{lrm\'{ \el; of couse Dy surface area N
W May ¥ rermang 304 that at the firsy Internntional Cont,
eTence on
K&?}S“’“’ Eseported that we pag started a studs of the nfiuence of
" an g feeding n the AR of inbred mice  V\a started this
AR and W
S D M {1953) o Cergny
:N"l\!o’ . Sack N W g SYMPGNum on Brobfeps of cmn&ug
10001 S Invn 3o ndation, Nutnt on S5MPos um very, No 9 1008

here 15 no sex
hat these 1 mare
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regenerates s antlers every vear  Antlers < an be colleeted and wet hed
wnd amlvsed or oven Studscd when thes are growin, T o bewtifut
aumad for stindyving the alohtsy 1o rienomfc Hore is o oreproducble
rrowtiompadts every viar at o0 down gradually ns the smmal grows
older  But vou o dhange the devidopmeont of the antlers ot
controbat by chonpny, the eadotrine eny ironn nt

Fanwng There 1 avery furge Blordurd on the wole of putntion o
experuncntal anmate It doesnt need another fifteen vears o be
resalied gt tas been resolved for more than fifteen 1 ears—some of the
work was done wm about 1906 on stk worm  Cladocera {Daphma w
particylar) on rottfers an Plataria and vther fiat worms even onrals
and nuee  oclzel and Carlson severat verrs ago pubhhed extensisely
on this subject and T m surprised at the amaount of generi agreement
there §s  1he consensus s with nmazmgls hittle difference of opinion
that restriction of the et prior to matueation does seem to effiet o
prolongation of R span  restrction of dut or saper ahaentation
after maturation hiving no effcet at all

Shocs But 1sn t the problem thit we nre sasing bese a ittle deeper
than that?  We are ashing  wimt 15 the mechanism whereby thus pro
cess s carrted out /It seems tn me that although we do have o furh
large bady of wformation on yarows ammal species we have not el
any fnutful wdeas on the medmmem of the process

MeCay Tnthe ather direetion (and m e gard to e Olbrich squestion)
we have left & substanting group of rats to become mddle nged and it
fond then forced some of them to hecome thun by evereise or restrction
af food and that lengthens the hfe of the rit  not s simfleantdy as
retarded grawth but one does ot a significant result

Tunbridie You hive some work on your mental patients havent
sou relating to the catane requirements wm elderhy people? Yo it correet
that thew calonc mtvhe 3s dunuashed?

VeCay Yhere s worh on st but Tdudn tdo st That petsmehed
vuth basal metabolsm It foohs ns 3f Cvidettee s very pood that the
DR drops 1 older people but I e never found any sound evidence
for nmy expenmental ammal thar the BMR drops wath age Assunung
those data are sound man my b wimgue m thet resped

Shoch T thunk Dwis ( fmer J 1hysiol 19t 119 29) studsed t;w
Lasal ovy gen uptahe of mts snd as T rcall found w reduction i the
basal metabohsm of the rat as well ns wm man '

MeCay Wve have datn on botht wides— vau H tind one can jump crther

* nghoch Ve have collicted evidence ou chunes m basal mchhnh\n:
ith age omd ab 33 trve that the ovyon uptake of the totat um‘;n'\
cdumimishes as the individual pets alder (Shoth and schgst ¥ ’ul
T Ceront mn press) Butif aue uses some other estimate of the nmm‘r\“
of functional tisste present wstead of surface arta which 15 aur ‘N"\'
standard there s no elinn, ¢ w basat ovygen uptad o with uwmmm..tn,.m
We hase for example measured the total body water cnnm:mh
sudivsdu s 1 paratiel with our determm tions of bt o\\’m n I‘l{‘r ~
—and when one comptites the oy Len uptake per it of hody wa
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So £ am
2 lence or an ae thinge n basal metabohem diappens*
:n\!m«l o qumx%cn “h(-ﬁ:er there 33 an actual stowng af the mll;x,l ox;
roetabohsm as 10U et okder ¥ Gunt, the dvop in oy en crmsunllll‘l H
which e all sce s cimply 2 vefleettan of the Joss of fanctiontag eel ; 'u;&
there replscement with other non metihok g or b len £ slowly
metaly howg ts ues

wrdry lgkmcwr 1t used to be thought that there way a ugficant
dehydration reduction 1n smount of water per umt of weight w older
tosues, And thea Hashngs and others eame slong and reemed ta shos
that this was qot the case  1What 13 the situation now?

Shack T thusk there 1s no question but that the total water content of
the antmal decreases with age  Lsing ants pyrene as an indes we hase
found an average change from 33 61 1o .9 7§ between the ages of
Pty and munets vears  Sgam of vou want to mdulge m some fancy
25 wnptions you ean show that tis 15 o Joss of functioming protopiasm
Beeacse the extracellular water phase does not change significantls at
feast 1n our grong of subjects Thus 15 probably a phy siolameal reflection
of the Brstslogieath, obsersed loss of numbers of cells with ncreasng
a

e

eCance 1don t hnow anvthmg about the sater but of you stare
A qervm a er e hty Bie demes esacth the same perrentage of tus
basal calsmie requirements from bredhany down of In own tissues 03 B
ysung Ad;m does o mght an nto old age that balanee seems 1o e
resersed

Loudry Can vou say that the basal metabohe rate 1 fernales 13 1
feneral somenhat fuwer than males for the same age and that that wir
some way related 42 ancrease § hife spin

McCance Gur worh fas all bren due on ofd men and 1 m afemd 1
nttell s uansthung about sid women

Helag Therc s no proof of any sex difference 1n any ansmal other
Wan inn

o dry Tisere + 5 difference 1w man 150 ¢ there?
MeCos Apparushs ve

Shock. Bt the fomate has mare £at on her from the wtart 55 that ths
2y amin be a questwn of relative amount of fat Lafortuaatels we
Base mever done any sturdies o oruen st 1 d Bhe to hnow if one were

o eedate Cyypen © w umption vith hody + ater whether there would be
&0 20X Lifferinee 3eft

S § Mgsh Ancel hevs ha  conchded that there 15 no sex
v:;ir forwt mo fuk e metaboll weg tiesue—t 15 that there i mnte
Lmdry Bt th re w w1 be a dafference tenms of tatal weight?
Snedar Niv o Teonrse Or surbace area

B8 May Tr mond s athat ot the first Internationat Confexence an
Gemat drpn f reported thit we b stacted & study of the influence of
AR 0 and fer Ing o the wering of inbred mire  We started tiny

SEkh N WY npat MO end Vet DV 10 3 J Lot B 333

Mesks Nk N W in Symposum on D Cer
N tomalv i« bo nd ton Nulnton bgmp;?\‘:r‘;“: h cd

v \o B 188
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seven years ago and it s still in progress  Of course we Ined with the
lusion that we ean svord discise  Thts lluston covers all studies
rerontoloy and will reman anallusion because we shall never be abl
to study pure ngein,, without the influence of exo,enous fictors

1o go bk to Dr Tanun.s contnbution about changes m the
constitution of the tissue nccording to age we are trving to 1nalyse the
whole anumal Ve feed roups of anmmals of different ages on a standard
dict and then we dry powder the whole ammal  The fiest result of
these analyses 15 that the mun effcet of ageng 18 the putting on of it
and hipid substances  But this 15 alrewly hnown  One of my previows
masters  lerromne 1n Strasbourg  demonstrated thiety years ago tht
when you nnalyse tissues of ammals af you are to have compartine
fizures y ou must starve vour wnmals to death hefore vouanalise When
voudo that nd yon take hidney s or liver or muscle of different anmals
of the same specics the results are comparible  So we are gomng to do
that  But as rgarnds companng results or exchangmg of possibihities we
could Just as well eschin,.e powdered animals I shill do what Tew to
anyyse the powdered ammals from many pomts of view 1 shall do
Lross analyses and some of the amno neids etc  but many other
1iboratories may do what I am unable to do  So if we are thinking of
worhing alon,, those lines we mu kit help each other I hue not pub
lished anvthing yet about these mice perhaps I never shall but Iam
rewdy to compare and to evehange powdered muce of that inbred
colony with anyone who wants help in that way
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4200T sesen years ago the Muffidd Trustees \\\t‘l\ t'he
spproval of the University tlisned a group at €

tor the expinmental p yehologieal study of the effects of
ageng i the case of normally fit persons It 1s o few of the
chitef vesults actieted by this group which 1 am now gonz to
desenbe and conssder  ‘The prinapal mert for the achieve

mentsisduc to Mr A T Velford the Darector of the Group

and to tus feliow workers 1f there are mistakes of interpreta
tion they are mine

Tt was from the be anamg asreed thit we <hould pot be
much cancerned with the ctremely old but rither with the
mhieal age ranges from round about forty fise to sty five
Tt was aho agreed that we should not confine our attention
1o relatinvedy 1solated items of buhavieur such as sensory
threshold measures reaction times ymmedinte or remote
memors span dwconnceted from any other activity  We
should rither louk 4t these n that wntirate as ocation with
continued worl, which they bave i practically il forms of
daw by da artusd behaviowr  This memt that our mam
Pre accupation mu t be to try to find out something about
the mature and conditions of shilled behaviour whether of
body or mnd and that our 1t problems would concern
demonstrabie changes e shafled activties which normalty
seour with adyanein, e

B had of Curse some pwde both trom the results of a
£rot amonnt of Crhier exponmentition and trom commonty
hdd opmons  Nearhy overybody for instanee i rees that
most wctiens arc oned up with moresiag a6 nd many
Opermentons tad alrcads soported this But when does thas

v o

15
P
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slowing up begin® Onee hegun does 1t continue and perhaps
merease without recoverv®  Particularh are there certam
phases of compley shilled actinaty whieh more than the others,
exhibit this slowing up?

It appears that there 1s some slowing up of shilled actions
normally m the late twenties  This 1s followed by considerable
or complete recovery, but it reappears i the late thirtiesér
middle forties There 1s agam recovery until the earh or
nuddle fifties, and then the slowing up scems generally to
continue and perhaps to mercase  But there ts nothmg very
remarhable or dramatie about 1t n the casc of the fit person,
and 1f 1t 15 adequntely countered probably it need have no
mportant practieal significance I am speahing of course of
shilled performance which must be done rapidly, but does not
require any great expendsture of muscalar effort  If the Iatter
1s required, and stilt more if work has to be done at relatny ely
rapid rites and with accompanying overall bodily mobility,
the final slowing up appears earlier, usunily w the early forties
and with httle or no subscquent recovery

Very much more nteresting 1s the question of whether
there are certamn stages m the performance of shilled move
ments of Al hinds wlieh are espeerally susceptible to change
1t rapsdly became ckar that overall tune measures of per
formance may be extremeds musleadimg (Welford, 1951)
Tor example moneof the carly experiments a small objeet
was sct mto apparenth random moivement over a surface
marhed off 1y small squarcs When st came ta rest its position
had to be accuritddy identihed by mampulation and o this
was done successfully the object w 1s set mto further random
movement and so the experiment proceeded  If the o3 erill
time was recorded for a series of correet loentions 1t could,
as indeed anyone would evpeet be evactly the same with
great and significant differences m the mternal pattern of
mompulative movement It was from tlus experrment that
we got the first suggestion that the most unstable element 1
any scries of accurite adjustments to changing shmulnnm;
1 1ot the speed of motement, and not the reaction time (¥
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s 1 defined 1 the usual way s the mtery Al which elapses
Ixtween the pperance of 2 stmulus or signal for moyement
and the heannin, of the mov ement) but the restimg tome
ot recners tme between an adjustment whieh 1v m one
drection and an 1mmediately following adjustment m 1
different dwrection (Teonard  1058)  This has <ince been
confirmed n many other expenments and recently n an
analvsis of time motion study films Ttas the stationary ems
\n apparently covtinuous movement seres that are most
lable to change Thev are the constituents that are most
readily aceelerated or decelerated  They tend to be drawn
out under the influence of certam drugs of fatigue and almost
certanly of mereasing age
The interesting thing 1s that these stationary constituents
m 3 fow of movements or of 1dess ocenr almost alwavs
perhaps always where something speaific about signals for
action has to be percerved such as the shape size colour
disposstion and number of objeets or where m what 15
wually calied mental shill there is o shift from one topic
toanother or some new consideration has to be brought into
a process of thinhing  This 15 to say that the most vanable
elements i slafl and the ones that are most likely to be
affected adsersely mith mereasing age unless preewutions are
taken are just those that most ndabitably demand central
newrplogeal actinty nd control
To have demonstrated an mereasing mportance of halts in
8 flow of movements or weas with mereasing age is 9 step
advance  But by atself 1t 1 not much of a step and when
Ve try to go further we are at once brought up =,samst diffy
culties of interpretation which can be resolved only by more
«Xperpmentation
here 18 considerble evidence now thay older peaple—1
mean broadhy {rom the widdle fortres upw ards—tend to ook
:::h: ;xtd\;!mv. they ure doing and at the simals for what they
n most fands of bodily shill when aceurate and
ripid work 1s vequired far more than younger peaple (Szaf,
1301} It may even be the case 1n o P ran
general that werensn,,
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slowmng up begsn? Once begun does 1t continue and pechaps
werease without recovery?  Parhieulaely are there certam
phases of complex shilled actss ity wlueh more than the others
exhubit this slowing up?

It appears that there 1s some slowing up of shifed actions
normally w the late twenttes  This 15 followed by considerable
or complete recovery, byt it reappears n the lnte turhes or
middle forties  There 15 agam reeovery until the early or
nuddle fifties and then the slowing up seems generally to
continue and perhaps to inereose  But there s nothg very
remarhadle or dramatie about 1t i the ease of the fit person
and of st 35 vdequately countered probably it need have no
tmportant practienl signifieance I am speahing of course of
shilled performance which must be done rapidly, but does not
Tequire any great expenditure of muscular effort I the latter
15 required and still more if work has to be done at relatively
rapid rates, and with aceawmpany g overal! boddy mability
the inal slowing up eppearsenrher usunliy 1 the early fortes,
anit with httle or no subsequent recosery

Very much more interesting 1 the gquestion of whether
there are cortasn stoges 1w the performance of shilled wave
ments of all hinds which are espeaally susceptible to cunge
It rapidly beeame clear that overdl! time measures of per
formance may be extremely wusleadmyg (Welford, 1931)
Yor example, 1 one of the ewly experiments & small object
was et nto apparently pendom morement over o surfiee
marked off m small squarcs When it came to rest its position
had to be nceurately sdentified by manpulation and if tus
wis done suecessfully the object was set mto fucther rudon
movement, and 5o the expernment proceeded  If the overall
tume was recorded for o series of correct locations, 2t could
as wdeed anyone wauld expret be evactly the same witht
great and wigmficant differcnces on the nternal pattern of
mampulative mosement It was from this ciperiment that
we pot the first suggestion that the most unstable element 1
any series of aceurate adjustments to changmg stmmmun;
18 not the specd of mavement, and not the reachion ime {1
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of shalled respostse withm farry wide age Tanges Oue charac
testtie of belasiour b the muddle age vanges and upw ards
1 an unusunl persistence of mustakes 1f a ymstake has been
fmade once or twice there seems to be a strong tendency for
the performer to move to the required response Ly way of
the eawnted one even when it 15 perfeetly clear that the
fatter 15 unnanted {hay 1951 This 15 Just whit woutd be
experted f the course of an achion 15 determined at 4 relatss cly
exly stage of the action

Supposing that there were both some retraction of antiet
paton range and some advanee of the powmt of no retarn
all the sfowin,, up of shilled work which has heen expenment
A demonstrated would be fully accounted for  Whether
they do occur and if »o by what hunrm mechansms they we
effected are questions perfectly amenable to an expenmental
approach but the expenments have not yet been done

One final question about these results of winch I have
spohen and a pood many others both mn practice and m
trumny wineh 1 mght have diseussed had there been time
are thes mevitable? That depends upon the meaning which
»attachud to  inevitalnhity If ineutshle means results
that wil} occur unless speesal precautions are taken they are
I mevitable means results that ave bound to oeeur what
ever is done about them smply becanse everybody adiances
e the stron, probubihty 1 that they are not  But that
Opens up amother and perhaps o stll wuder field for
expeimental study
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DISCUSSION
Shoek to ms enty

ratiag problema of ths land

wide wuriety of Ldls of i 1t necessary to wnﬁn?’t‘hgn:v.g?zov?gx;la
definte acta? I ather words haw broad an expenence can one dcg
with experimentally in this kind of approach?
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age prefers to have eues for performance and of the course of
performance from s many sources as possible  In parteulr
it myy be thit senatiaty for proprioceptive feed biek
dimmishes  Tor ths however there i no direct evadence ns
yet or, m fact, of signficanthy lowered threshold response
i any direction It 1s safer, though of course less satisfying
to treat the demand for a greater amount and diersity of
confirming cvidence as onc of the signs of the mercased
cution wineh 1s afleged to accompany adyances m age

It 1s more mtnguing to consider the possibiity that the
range and function of anticipation may chnge with age Ve
Iave deersive expenmental evidence that fir wd away the
maost mmportant eharaeter m shill performance 1s what has to
be called its temporal structure  Lhe way m which am stem
of shill 15 dealt with depends upon ats relation to preceding
and succcedmy, ttems 1n the sequence of which it forms a prt
If a signal for action 1s gy en at an appropriite inters Al before
the moment of action 1t ss the resting tume between moye
ments 1 one direction and another, whether of mscle or of
mmd thit s signilicantly redueced It 1s a reasonable sugges
tion that the general effect of accumulation of experence i
to enhance the mfluence of preceding items m any shitled senes
and to depress that of succcedmg items  Fhere may therefore
be a retraction of antierpation ringe with age and if this
so 1t would undoubtedly produce just that preference for
<horter advances and more and longer halts which older
performers are hnown to show But only further expeniments
can deerde

1here 15 yet another posstbility  Every human action
exlubits a charreter which mav be most foreibly deseribed
asa potntof noreturn  Lhat 15 it reaches a phase beyond
which putttng m new stenls produces no cffect whatsocs (‘I
Before this stage v reiched there 1s a range withm which
meoming signals produce actions but the action 1§ nnt
wjusted 1 mist the 1s made It has hecome 8 matter ofigrt":l‘
theoretie and prwetieal mmportance to dctcrl::mc bath )
absolute and the relatrve  pomts of no return for ail hint
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ettt To s quuite brte that frcin the Bftres upwards the attempt to
ntroduce new gmdmum of performance new types of sumuhtﬂ 1;
Biely o be met by a relatrvely Iong Jesxaupg stage But I think thal 18
about the anly thing Phat we can say sbout that Yot of the work
=t hne bren domg mvohies tepetitine activties which have been
completely Jearnt
J Versdr Yo that connection and relatne to Dr Welford s work
wt fave been domg some maze sxpesents with rats T have tned
tostudy two problems Iearmng ot different ages i g suttiple T msze
snd retearming or memory of 1t at different stages durzng We We have
Tound sk, hitty lower fearnng 1 extreme old agre but the most anteresting
thin was that cerfam of the old anuaals abaut 40 per cent of the groups
wete ot abile 1o learn 8¢ alf when presented with the maze for the first
fune in old ge whereas the other 60 per cent lesrnt 1t withw the
ool range sttheagh rather more slowly 1han the young mts  The
seeond point was thst 1n memory tests with groups of rats which had
fearnt the maze &t delferent ages again 1n extrerae old age ahout 40 per
cent Durgul the tash wiach they had earnt i ensher bfe and were quite
umble to remeruber 33 whereas the other 60 per cent of that same
gtoup semembered as well 8s the younger mts I don t hnow how far
1l correlates math the work of Br Welford
Bartlett 1 didnt sov anvthing abaut she learmng side of all this
beeauve «f one doesn L tahe sperwl precantions what gou discovered
theut the raty 1 equall) true sbout fnumsn ber That 15 Yo say the
tng processes which are charactenstie of middie and older ape are
qute different from those which are charactenstie of the relntwely
dour  If the older peopte are p with the same d of
deamun, as the ypum. they either learn loss quichly or perbaps fal to
Yarnutall Rulsofar the evidence 13 that thas s mare 4 question of the
onditons under wharh the tests are given than it 1s of any shsolute
oparty 1o leatn It stems extremely likely that as far as human
beins e poncerned theret no parhienlsr reason why people shouldn ¢
®  rlearning things as long as they bive orat 0y Fate up to extreme
M are proaded thev are given condions of lesrning which are
satable for ther particular mnge
1ok tho there vs o great desl of agreement between the pestlts
*oat cefearmng whuck 408 have mdicated with the rats and summlar
“ases Witk hutnan beings The only thang abott 3t 15 that 18 seems 85 »f
YW ean el nd of all thewe duferences i you adjust your fearmng
ondite na ta the age ranpe Wt 1 canceroed. £t very dulficult 1 Ao
st with rat expenments 1 think but & Lttle easier to da it mth

fuman expertments  The whole progrmmume of out unt was o he
conerrmed also with learming and we kave gut a good deal of evidence
about the learmung pr xesses Which sre charactenstic of age ranges end
e\ certaints are Siffrent 1h human bemgs for diflerent £an;

iu) Vhaven { ime tor soy anvthing sbont that, B FAnEE

arkex 1 suppose in the case of the animal o

apphied €5 leariing (@ the same for young as foxxgﬁn:?\,:‘mnﬁﬂ“
of falling 1o a tank of walet ot whatever? offood
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Jlartlett Vor tht most part our uuted work was carned out with
<hills that s olsed the notion of tricking You fwe nn abject which s
moving in 8 gren dircction and s movement etther has to be pro-
zressively followed or controlied 1n some way  Then there was an ex
tension from this and the things that T have spoken of have been tned
out witha conuderable yariets of bodily shalls wth » good many mentat
shils mvahing memory and anticipation processes proper and they
have nlsa been tohen wito the fuctors and apphed to repetstive activities
such as are imvolied m assembly nork and comveyor belt work  The
sume fenturcs hiave oceurred over and over agun  The thing which 1§
sanable s the isteral briveen o mosement that 1s required to Joeate
sometlung 1 one posttion let ussayv and then take it from that posttion
to another The same thing occurs in connection swith a lot of shills 1o
games wluch we hatve studied 1t also oceurs 1n a good many epenitive
procedures in the Isboratory where what you hmve got to do s teJocate
a pirtieuhir thing that vou want to do something about and then move
1t mto a gnen position i refation to somethin® else A shalled process
alwsy s mvohes & sequence of movements mental or phyweal snter
spersed wath changes of dircction and 1t 1s the halts hetween changes
of direction that are the maost unstable fenture 1t 25 these which are
most affected when whit we call tiredness or Niigue sets m wiseh
are mast wfluenced by drugs and which beeome more marked with
wmere wing age

Franilin Ts there any difference between the sexes?

Bartlett Mone at all as fur as we hnow but most of these evpenmients
hiave been done with men tn the factory and w the taboratory But
whercter we have had older wemen they hiave shown the same charter
Isties and there doesn & seem to be any mportant difference ot ol

Lewtis Hase any of these studies been carned ont en people w hose
miental powers were obsiously fahng—perhaps m the enrhy stage of
dementin?

Bartlett No we try to heep nwny from that as far as possble and to
Tuve a range of people who would stisfy the requirements of normal
mentadity  We hase Lept off people with speetal disabiities becattse w¢
think thnt comphicates the pretare at this stage T think 2t pos 1ble that
you would have these things hippenim;, but o good mary other things
superunposed on them as well

Lenas I was wondenng whether since these are central happenmgs
they would be more evident 1n people with dementia

Bartlert Yes at could be but § don t hnow ebout that

Trashlin Tow far does the ngeng of the eye come wto thi?

Barilett Swce we have tried to heep to peaple With normd ¢y esfght
we have no evidence that ans thun,, very much s dependent upon wisud
responses a8 such except that the optunum distance of the signil for
action from the viewing pornt wilt tend to go & bit further avay

Shock Do you think that the way to Jook for age changes 13 in an
zetraty that 1s well practised n the sndixdund one that he has done
repeatedly? Or are you more likely o sce oge diffcrences when you pre
sent him with an eotirely new activity?
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et T general sre assembly Jine tvpes of jobs unsustable fox old
pxlf‘ .\\ nug 1t be oo awkn. nrg to ash whether there ss any evuienc:
that the xnueasmge\pcchn;:’\ 0’1"1& at barth 1s bringng any inerease
tion of potentisl worlung hifef
“‘g;rtulri‘l0 I \i%t turk it wf\ﬂd be possibie to e an absolutely
eatepncal answer to that  The mdwations sre that the ncreasing
expectation of Lle has already Iengthened the potential yeorhing 1ife
when you prean by the potential workang hife the pened duning whichan
wden ok Tay be of econonie service i & commutmty T thigh thus 15
e but it 15 an opimion rather than anything that can be defimitcly
proved. Dt it seems to me certsm that the two things must go to-
Tether because the mereasing expeetation of hife s sply an espression
of mereanng fitness of lurasn bangs At feast T think that js true
dont beliese—this 13 agas 5 matter of opuon—that the mereasing
expectation of hie is very much tied up with the fact that the older
pesile are beng Letter looked after I thumk 1t s that they are
gotentially, much mare setise than thev used to be
Larkes The of kfe 15 biy an epression
of the mevea g coptrol of diseases which Lalled cluddren or adults
thew prume mot of the contral of senescence
Burtlett The question of whether i fact berause people could mo on
wotkan, for longer with satisfaction to themseh es aud with economu
guntothe commumiy they will be expested to do thot 1s quite another
malter of course [ thunk they 124 hase to be
‘Sthul.t I w1 ) to mention & problem of the psychology of ageng
T tobe habletome that is the chanps the psychical
conceplian of the speed of tune as & function of apetag A} of ys Wil
remenber that when cluldren we considered & haliday tasting six weeks
2n slmst tnfloite space of time  As adulty we experience nosy an
appatent ehartensng, of aur sdea of this period  In old sge we shall feel
the s space of b o be o tnfle
Plus fact m1y correspond to the change of our mental attitude to the
e of tme i grneral I shuldbood we are hving merely in the

Focent und setund events seize upon our fances  When we grow adult
U fitire achieres more and more predomunnnes w our munds wheress
lderly are joching back and lose their power of recollection of
'ﬂt«me«mu Thas quich motion ehange of dur spmitual idea of time
F132 ery intrresting phienomenon and 1 wonder \ any expenmental
work fias Yeen done in this field to realize the scceleration of our
wlernal chronotmetes
. Bastlett § Ak that these are a fot of sasestizations sbowt tns but
0 far as thede have been experimentat they axe not ternbly con
Moting Btas ery dibeult to find any way by which you could get
exg;m;wnt gving cleprcut messurable results
ok This 1s rathes an resson of th
A nn‘i:‘;.zn he Veckres Yechner law 1nt
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‘ ‘( Verzar Yes It Wi hunir motvton not very extreme duly
isting

Parkes And tnt agun makes the peraity for fubing to learn qute
hfferent from what nught be apphed to human cevpeninents

J Terzar Yes Dut we nerenterested m these mdwidust differences
that some old bests could stilt remember and others had total foss of
memory

Parles Daes that hnd of sanctian metn the same to an old arumal as
{o o voung one?

. ¥ erzdr There s adnuttedy the passbility of an age difforence
there

Larkes I ¥ remember nphths & Lredenie one of the ongnal idess
belind this project was to find out what partsenlsr jobs old peaple mght
be e;ntnblc Tor I take it that the answer 15 still rather m the future
1t

Zarlett Tlht 1s quite true but § thank the very geperal answer n
that provided one avowds the difficulties wherent o great many
current wdustriil processes of rapid forced paeing there are probibly
practically no Jobs for winch the upper age ranges are not suitabk

Parfes Provuded they are tanght sppropritely or aliowed o t3he
things at thetr own pace?

Harllet! Protuled condwions of pperstion are readjusted at the nght
age ruge 31 one looks at the strueture of British industry—~if we ate
tathan,, about the practicat side of this—at the moment one of the mast
astomshung things s (it 1s reported axer and over agan and & T think
quite detmitely established) that there 15 & very grest proportion of
alder people dang heavier worh and domg, 1t successfully [ dudn tsay
anything about hewwy work Bt i pomt of frct if o man remuns it he
scems to be perfietiy eapable of going on doing hoavy worh provided
hie enn do it fus own time A preat amount of the henwy worh 0
wdustry at the moment ss done at the operitor s oun pice So tht 18
ane of the mamy reasons which tend to make the henyy work be passed
over to the older people

Parles Docs that mean that old people now tee mare capble of
domg heavy worl than ofd people were previously

Barllett. No ¥ don t thnk there 13 nny reason to Hunk they are more
eapable of doing hiewwy noek ‘They are more o 1pble of doing stow norh
aud most heavy worh 18 slow work  There are other reasons—one 18
that afl the henvy Jobs m a modern ndustnnl comniunity are reltively
unmechamzed and nff the forees of current education are ik favour of
people getting mto hughly mechanizad dustries cathy Jeas ing the peopl
who havent hnd that Rind of trumng to do the unmechamzrd jobs
That 1> gosng to become much less possible ey ery year beeruse there 8re
fewer and fewer of such operations  Fherefore 1f one 13 fookug at t})ns
thing  a practiend sense the really smportant thing s not to bol}lc:
very much about the heavier vork at the moment but to find out v n)
could be done s en proper conditions with the tvpe of setis ity which
is obviously pomng fo predomunate o the communty in a8 fow yenrs

tume
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Worcester State laspial ¥ ovceier Mass and M arcester Foundation for
Eip { Buoto,y 2

Prrviots imsestigations by Preus ef ol {1919} and
Hoadand ol @l {1953) have desenibed abnormal findings m
sdrenocurtient responsiits m voung and mddle iged schuze
phreme patients  The present paper deabs with a study of
adrehocorticnd et ity 1w dderly normal and sehwrophrenic
men to deternune whether senescence moditics the results
obtmned w the \ounger Lroups

The normal subjeets mncluded 34 men ranging 10 age {rom
St o ncty one veats with o mean of seventy 1% years
who were obt uned purthy from the communitv at large wnd
parthy from 1 home for the 1 «d AN were active and were
free frome any obnaons dist 18 exept the usual stigmata of
Bt n o, praces The patients 33 m number were all
fevdents of the Worcester State Hospital - They ringed i
e from ity to aghty one vears with a mewn of aixty e bt
van They hid been conbined to the hospital an average of
3 veur the rangs bew, 10 1 ta 49 6 years The majonty
These patints were of the paranod tvpe with a seattening
Hthe ther wwuad subts s A the panents ihewise for ther
21 owan mopeod phvaical condiion Thev were a selected
frup m o {ar i o operitiod was an essential element for
e compd i 0§ the studies  Data on voung subjects are

tetude 1 as thus study to exemphiy speaifie points as to the
LIS JYTRN
Tmety 1 dewmbed 1 this paper hase boen aded by grand
R\‘.\h X‘I‘(l L0 omtter {‘ \\‘:;‘;ux:;ng\ Dementia Precox 3lm U\\‘:‘::{lﬂ?l:\l:
e ettt Service U wnd M7} snd by
froca e Atenean et Sackety ' Y & wstitutional grant

29
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Loy to repard n week as much longer than would the Wity hve year old
man

Bartlett Y think the truth 15 that antieipated time and temenbered
tunie-~if we mear by time 8 tune span as mesured by a clock or some
thing, of that land—appears longer to the young rnd shorter to the old
but experienced time that is the span within nluch we Ine appeirs
shorter {o the y oung and longer to the ofd Ton youngehuld what toan
old man 15 a small period of antiupated time scems Jong or & small
penod of remembered Lime may seem long but to the old man whata
relatively short perted of bved tume may scem to be long refatne to
whit it 15t the case of the ehnld  However usunlly thus 1s keld to be
dependent upon the number of tems that §5 up an ntersal You eon
do tins expertmentally if you hhe if you have anntenal which
started by a sound and termnated by another sound and af you il this
with a series of sounds then the apprrent Jength of the mterval »
dependent to o targe extent on the number of sounds tht re used to
Gl up the wterval  If you don ¢ Hll 1t up ot all then it always seemsa
snuch longer mtersal T think that ss truc for alt ages but an general the
mteryak m 8 youn, fife are less fully filled up th i they are m the older
hfe until vou get to retaring, nge when time ther may appe i 1o Lo sioe
stow;

Ln)us' T thank it has been Found th it peaple v subjectn e mmpression of
how tane 15 passsi, {s not relited 1 asry recognizAble way o thur el
udgment of how much time has piswed botween tno specificd intervals

Bartlett Yos thit s the case
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2 e citepones  The hasal values for the young groups 1re
almost tsce 1 reat 4s the corresponding vlues for the ofd
grupy  This 10 to be expected on the basis of the preater
muscular mass of the voung subjects although a venl factor
mav e iraplicated  The normal subjects both joung nad

Tablel

Mesy CRPATINVE YALUES FOR Y OUNG AnD (LD NORMAL AND SCHIZOPARFVIC
tex Brrise ACTH avp Grrco v Torsrasee Tests

E ACTSS
v € 1 etgiainy
wrm | o | we s s
| B | 24 4h
193 Nerrat 13 is 18
Sclae 1 o4 107 147
@ m Sorzaat 10 140 1%
Schiz 08y 121 13-
CHLCOSE
v < e . Lnnary € 4 Lef2eh g
A 1 an
w o Nmoi 1 18 ¥ B
~tg T 1o 1M
W et T 6s 1 14y
Niw o 141 1411
S0 Raed g s bnet e feubeat

O ety whyhith more creatimne in the basal state than the
foftegondin,. patumt goups but the diffcrence 15 statists
cath s mtcwnt anbh brtween the two groups of soung
subjects i

The aduuntrtion of ACTH results in no o
™ the wnduss for the vounger groy,

essential change
P but does show 4 definte
Merc oy the amounts of creatimne exereted an the tng

AT —
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Two test procedures were used (1) the wyection of 25 my
of ACTH mtrimuscularhy as  direct me s of studyving the
cffects of the stimulated adrenal corten {2) the mgestion of
ghucose wang the Exton Rose techmque, which acts on the
adrenal cortey presumably 111 the anteror pitustary  In the
ACTI test under fisting conditions  measurements aof
Iy mphocytes and cosmopluls were mide 1mmediately pror
to the myection and one hilf, tno md four hours after the
tjection  Unine collections were made from the pertod of
awaheng {after discardme the fiesst mormng unne) to thy
time of the mycetion (1werage time two horsp for tuo hours
after the mjection and for another two bonrs  In the ease of
the glucose tolermec test the hmphotyte md cosmoephil
counts were mowde before the mcstion of the fisst >0 grams of
ghicose a half hour Diter just before the mgestion of the
second 50 grms of glucose, o half hour und two hours after
they  Urine collections were made for two hours bfore the
onset of the test and collected durmg the first hour and the
suceceding tno hours after the mgestion of the first dose of
glucose  In the unne collcctions analyses were made for
ereatinine sodium pot wsmum 17 hetosterowds corticosteroids
as nentra redueng lipid and morgame phosphates  The tso
tusts were done three davs apart the glucose tolormee alw vy
bang performed first so that no resdis sl effects wanld be
obtamicd in the second tost

Before discussing resulty which dead Iargeh with upnnty
metabolites  furst considerttion m the aged should be an
evalmition of the efliciency of the renal oxerctory appantus
Pressous nsestigntions by Shock  (1946)  Davies and
Shock (1950} and Millcr, McDonald and Shock (19a1) hase
mdicated a deercase m the functiontd capaerty of the hadney
mtheaged It s with Hus pomt m view thit we have anals sed
somc of the dat coneerning the exerction of creatimne

The mean values for unman ercatinme dunmg the A\C1H
and glucose toleranee tests are shown m Table I The subjects
are divided mto two groups on the basis of age and further
subdisided sto normal and schizophrense men m each of the
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Table 1T

Rrumovsatr Perwges Dasan VALUPS Fom CREATVINE AND Omss
Univany METABoLITER Iv FLyERLY MPN

T inary metadald ¢ Corr cocff tertr®

Creatin pe va 17 Xetosteratls

48 63
+0 Ga
A8 ume sewd 109
i sodiomn +0 8¢
s potassum
A8 tnorgan, phosy hates 4073

Vieormlatinae Mkent e { € ticafly gn feant

a0d une asd Thas degree of co v arance furmshes sddihonal
enidence or the renal onan of creatimne vamation i the
amd As @ sesult of the excellence of the relatiopsiups we
hae sialysed all the unnan data on the basis of creatinme
fatios and they sl be <o presented

The mean values for the two groups of subjects dunng
the ACTH test ave shown wn Lable IIT

The normal subjects have bigher imtl Jevels of eosinophik
# finding noted v younger groups (Pmeus etal 1939)
The difference i not statstically sigznificant however in
this graup  The eownopenta folows sumiyr trends i botk
Rups agun with no statistieal significance This too has
aha been notrd in sounger groups of subjects by Pineus of af
513y ard Howlond ef al (199%)  The rsponse of the
2avriophils to the admmstration of ACTH cannat be used
thercfore s o pont of diffcrentintion between normal and
schzophitime subjects at any age  Apemng itsclf apparently
Bas e Gfieet apon the biest cosinophil Yevel according to
Obnch (1047} or upon the rountpenie tesponse ta AE’H{
(Solomon and Shoek 1339} n connection with the magni
&‘\:ar of ‘\\\\‘\ w;w\‘m; 2 43 per cent 4l note shouldgbo
rhen of the dwrnal vanation i eosmophuls obsened b
s s Weteal€ wnd Yiobbs (1933) that from § 60 o0
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older groups  An analvus of the ehange m values from the
basal level to the two and four hour readings shows 1 <t itnty
cally sigmficant difference between the voung and old schizo
phreme subjects but not between the voung and old normal
men

The greater excretion of creatinme followmg ACTII i the
aged mav be mfluenced by the differences 1n the imtial levels
between young and old  There 1s n negatine relationshup
between the basal valtes and the change in four hours so that
the lower imtial values show greater changes than the higher
basal values  Correlation coefficients for the four groups are
as follows young normal, —0 23 young schizophrenic —0 66
old normal, —0 67 old schizophreme —0 G6 Onh in the
young nermal group 1s this relationship not sigmficant

The data on creatinme excretion followng the mgestion
of glucose show the same trend as with ACIII (Table 1)
Agam the young subjects both normal and seluzophreme
exhubnt no sigmficant change i values over the experimental
period wlile the old subjects show a distinet merease  The
micrease 1n excretion at the three hour pomt is stgmifieanth
higher 1n both older groups than for the corresponding
vounger subjects Further the relationships between the
basal values and the chanes at three hours are of the sami
order of migmtude as m the case of \(TH

It may be that the mtially higher values of the voung
subjects represent not merely the degrdation products of
greater muscular actraty but alko a more efhaent renl
mechanism which under stress s able to mamtun a gnen
level of excretion  The tmp urment of renal function m the
old may be manfested m an mabihty to resorb the mcreased
amount of creatinine prcscntcd by the ehmulnung agent

Not merely does creatinine vary but the other urnary
metabelites vary withit In Table II are shown the relation
ships between basal alues for crestmne and the other
functions studied i the old normaland schizophrenicsubjects
The correlations are of a good high order of magmtude the
Inghest relationships being obtamed with phosphates, sodum
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“Table 1T

frunovsmr Terwesy Basat Vawves Fon Cresmivine Awp Oraer
Unreane Meranounss m Fuperuy Mes

Corr coeff vt

Creatin ne 35 11 ketosteroi 13 40 08
s cortmy 4G ¢ .
v ume gad +0 92
Ve sodium 30 8%
11 gatassam 10 €7
va lnorgan. phost ) ates +0 73

S peoefile t 8 L Ueeall o Bont
ond une amd  Thas degree of £o varrnee furnishes additions)
evidence far the renal ongin of creatimne vamation m the
aged As o result of the excellence of the relationsinps we
Fise anityeed all the unnary datn on the hasis of creatinine
s and they will be so prescnted
The mean values for the two groups of suhjects dunng
the ACTH test are shown in Table 111
The narmal subjects have agher inital les els of eo~mophils
a finding noted 1 younger groups (Pmeus et al 1939
The difference v not statistieally ugnificant howerer n
this mroup The roamopenn follows smitar trends 1 both
toups aran with 1o statsstieal &3, mifieanee This too has
aha been noted 1n vounger groups of subyects by Pincus ef o
315 and Hoaghmd ¢t al (1953 The response of the
phats to the ad

of ACTH cannot be used
therfore as o point of differentiation between normal «nd

schizuphircnie subjects at any age  vpewg sclf apparently
bas na effect wpon the bast eownophil teval aceording to
flbneh (1947) of upon the coumopenie respanse to ACTH
Solomen and Shoek 3941 In connection with the magm

fude [ this response {n 48 per rent fall) note should bo
tahers ¢f the dwmal vanation 10 eosy

Merenmam Metell and 1lobbs {1953}

nophils observed by
that from 8 00 g m
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te noon there 1s 1 decrense of 21 per cent m the eosmophil
count

1he Iymphioeste salues (Iable II) hikewwse show no sig
atfiennt diflerences esther i mitsd or s the post myection

Table 311

Varees 1on Buoon aNp Urivary METAROLITES 1v LLDEBLY NORMAL AND
demzopnrevie Men Duning ACTIH Test

¥ aradie Subject | Dasal i I an
T winophits Norm ™ 180 30 11
K Sehdz G 108 [] o
& LymyYocytes Norar o5 21 " v
Set iz 98" 33k Uy Syt
TR ng) | Borm | 86 388 X
Creatnfne (8 ] { Sehiz 51 s6? 4T
E{ Cortm fng ) | worm DTS 2140 )
f Crentimne 8) | Setia 3130 31 338t
Lt dom | T e 1o e
&1 Tenate weig] | eni o 190" st
S Soumtag) [ Narm | avv | T T v am
E] Creatiure | etr | ot s 9 g s
: Potisdn ¢ex ) s | o ot 4087
{} ETM " ,E‘w) Schiz e L
=P phtesimg i} N ¢ el L 1Y 513
Leeativae 41 N bz 3 u 411t haill ‘J

estptist cally il a AT Frce b1 oeen  ntrol vaheaan e tw) grcap

Stat] tiealty (,mflenut & ff tercox bely con the of 4 eew in the 7 or & hour satue To atte
basal bevels betwern o twa group

NP flaiset figur srepr sent euyber fou en

values between the normal and the schrzophreme men This
pegative findimg has alo been noted m younger groups of
subjeets (Hotglad ef of 1958)  Agemg apparenthy dock
not affcet the Lymphopenme response to ACEIHL, ms btk
Solomon and Shock (1919) and Pincus {1900} have found

In regard to the 17 ketosteroid/er atmne ratios (1 wle HE)
the bueal levels of the patients ave lugher than those of the
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normal subjects as 1s true i the vounger groups studsed by
Tincus ¢t af (1940) and Hoagland ef af {1953} The response
13 ACTH 15 on inerease 1o the normal subjects and o decrease
 the elderly scluzophreme patients There are however
no statistically sgmificant differences between the pormal
subjeets and the patients erther i the contsol values or
the trends after the mjection of ACTH A wirmidar Iaek of
differenves 1 reachinity b been noted bets een young normal
and schizophrente men (Pineus ef af 1049}

The difference i trends between the posmal and schizo
phrente men mav be due as has been attributed i younger
wubjects {Prncus of ol 1949) to a factor of adrenocortieal
dystunction 1t may abo be related in thus older group to
the difference m the iatial levels between the taa groups of
sabjects  While n the younger subjeets there 1s no relation
ship hetween the basal values and the absolute change at
four hours i thi group there » a negatie correlation of
Bt h value {r= —~0 70} The normal subjects with thewr
witnd fow catuey show mereases at four hours while the
pitients with ther nstial lugh valnes show decreases  This
relstonstup holds good 1 well for the 17 hetosterosd values
wlone a fur the ercatinne ratios

Tht tasa) 3 thues for the reutral reducing hpids or cortins
(Table 11 “how o stanbeanthy bsgher level w the elderly
whisephrenic patsnts  While the normal subjects show &
freat 1 nise after ACTH than do the patients the trends are
#t vuhoanthy different Thas o true for younger subjects
s (Dnewvet ol 1911 A un the shightly freater reackivity
of the uormast prouy man be due st least put 1o the
4ff renee i the sttt levels There 1s a negative relationstup
ir 0 47) between the wutisd values and the absolute

chats, at fiur b urs <o the normal subgects watially lower,
abtat froator moseascs than the patients

I th vadies for the ure acidfereatimine satios {Table 11y
thr s bifirence beiween the mtial oy efs of elderly
»orut and pwehoti men  After the administration of
AT there » nn awmcrense 5o the oxeretion n both groups

1
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which 1s greater m the normal group than m the patients
but not to a statisticail sigmficant degree  In younger
indrviduals the normal subjects show a significantly greater
response (Hongland et al , 1953)

The greater reactn ity noted n the response of the normal
subjects 15 not due to any influence of the mntial level Mo
relationship can be demonstrated between the control leveh
and the magminde of the change at the four hour rendmyg

The sodmum/fereatunne exerction data m Table T show
wdentieal basal values for the two groups of subjects In
younger subjects patients usually cverete more sodwm
{Pncus ¢t ol , 1949) Their response to the mjection of ACTIL
18 distinetly different  The normal subjeets show a steuly
nise, more marked m the first two hours, the final lexel
reached bemng an inerease of 85 per cent  In the ease of the
patients, there 1s an msignificant rise at the two hour reading
and then a deerease i exeretion to o pownt shghtly below the
mitial level At both the two and four hour pomts the
response of the normal subjgects 1s statsstiealls sigmfiomth
greater than that of the patients A smalar lesser responsivity
15 characterishie of young sehizophreme patients also

Agnn the responsnaty of sodium to ACTH 15 mdependent
of the matial level wd smec hoth groups have the same mewn
basalvalues the difference m trends is therefore more strihing,

Turmng next to the data on potasstum creatimne rihwos
{Table TI) we see that m the busal levels the patients
exercte a lesser amount thm the normal subjects  The
reverse 1s true in younger subjeets (Hoglond et al 1903)
After the admumstration of LCTI the exeretion s mereased
1 both groups but sigmficantly more i the normal subjects
In thts respect agam the prester resporse of the elderly
normal subjects as compared with the patients 15 a reflection
of what has been noted m younger subjects (Pancus of @l
1019) The mtial level plavs no role w the Lreater responsiaty
of the normal subjeets there bung no relationshup between
the contral \atues and the wount of chan,.e at the four hour

pomt
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The phosphateferestinane vabues {Taule ¥) show tha;: !:xa
pasmat ubjects everete twiee s much wor, e phosphates
(18 ercstimne Bisk s do patients 1 statistieathy sigrafi
cant dsfference Mter AT the normal subjects shaw 1o
imerese but rather 1 mnld decrease the patients show 4
srbin, merewe  Thes difference mtrends 18 statistiealhy
signsficant

The lesser excretion of phosphates 1 the basal state
sehuzophirenie patients 1s a consistent phenemenon through
ont the vanous 1ge decades (Hoagland of ol 1953}

The evcesanse phosphate exerction of the patients after the
mgectian of ACTH s also heen noted i the vounger roups
{Honpland ot af  1953)  Te what extent tins 5 a feature
whore nt i the sehszophrene psschosis v honeser 2 question
Fie the 17 hetosteronds and the corting there 15 1 negatne
redation Ty between the wmitial levels and the amount of

chnee after ACTH the corniation cocfficient bemng ~0 64

For phosphiate values afane r== —0 35 Sice the noTmal

uhijeets hne the hed mstial Jevels thes show hitle effeet
from VCTH wink the schizophreme patients with low control
ralics show mereases  The grenter reactivity of the patients
o ACTH man thus he just 2 refleetion of ther bl levels

I normal men there has been noted 1 all the yrmany
Metihobtes 3 doem st exertion s dues wWith advanerng a0
hnee 10 hark 13 Halton and Hamiton 1948
Rowalow b 1989)  \ pomt of intcrest s shether agmeing
et schire phrcne paticnts i this re, ard < mueh a5 normal
bl te fable IV we b shown the mean slues for

the van ns 4 osustatments wovoun,, wed ol vormal and sehize
fhreane or iy

Inorbet nammee the mtrumdinidunl varation the
onir b a1y osomd tests have been grouped for each
wty U n 1 adeeduad moan taken

Thoraalt Fabe diang from the Voung to the old ¢ raup
Toor b na prreaating Bisie m the Lt hne
Sy rabpomts o sfmterst The eretune ond phosphate
Chom b rathe sty eony temiy

the sodirm and

T



228 Tmirmaw, PiNeus, FivManaran ann Rovavar

Tal
MFOVS oF BasaL VALUTS ror Univary (axsTooesTs
1 &7 ne ¢ reat toAS (A
Yeare e/ sary meitr) (M(I‘”‘ 1
A v \ s N st
10-30 1 8mss pepe | gapnl g~gnef goane] oy
oo po Toas b oasre | oot | eI [ 2 | 2ty
Per cent chinge
from youn,, to
old —~31 —~47 —~0. ~76 ~-an +7 4

NB Ra lfgnure represent nun bet of testy

potassium values are higher m the young patients than m
the voung normals but not m the old patients  The corhin
values are lower m the young patients than i the opposing
group but there 1s no essentnl difference between the two
groups m the old population  The urie acid values are essentt
ally the sume for the two groups for corresponding ages  The
pereentage changes show that with mereasing age, decreasing
exeretion appears in approximately the same proportion
the normal and sehizophrane groups in the creatuune, 17
hetosteronds urie acid and phosphates  $he cortins show no
deerease 1 the patints an mdication possibhy that the
portion of the adrenal cortex s functionmy at a low level
consistently throughout Iife  The sodim and potassum
deerease more w the patients than i the normal subjects
primarty beenuse of their mgher vatues myouth Thus, it s
only i the corticosterords and nunerals thit advancing age
affects the scluzophrenie subjeet differently trom the normal
subject

1t s evident from the pereentage changes that agemng could
not be espressed with the ereatimine ratios swee with the
esception of the 17 hetosterotds  the creatuune decrease 15
suflicient m magnitude to nuthfy or even reverse the tendenay
to n decre wing exerction with age
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1 further pownt of wnterest is the question as to whether
schunphrenie patients show 4 change in thewr reactivity to
ACTI{ as they grow older  Previous studies by Pineus (1950}
and Sotamon and Stiock {1919) en agemy, 1 normal men show
that the adrenocortsest Tesponsinity 1 cssentially unafficted
althou I the latter authors abserved some deficiency in the
remal handhing of the unic aerd - Analysis of the data for young
and ofd normd and scluzaphireme men bears out this con
lyon for patiomts aiso In Pable b are shawn the percontage
changes fram the bas it values four hours after the inection
< AUTH m voun,, and old men of the narmal and psychotse
foups 1t evident Yhat Sor Yhe normnl subjects the only
marked chan_es W span, are 1 lesser reactinaly i the
excretion of urie acud and in potasaum

-

n the patients as
Bresuft of senescence there 13 o moderste merease in the

potassunm exeretion and n deercase n the phisphate excretion

We may conewde  therfare that o the whole sehnzo
jhrenie patients show the same deetce o f reactisaty to ACTIHE
woold npe Wt thoy do o touth and that shateyer asperts
;\F I er peapensinaty they cclubit are prevcned throughout
e

Iter nhn n Gaps Bntaewn the (ffots on the yanous
fanctwns stindied bave been nntaldy Yadan, Tt secms that
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each function operates independently of the others  ow

much of ths 1s depen

dent on technieal variation and how

much 1 due to mherent differentinl effects of adrenocorticil
reactinity upon the various target organs or physiologicil
systems 1s 1mpossible to assess It docs howeser, make it
difficult to determine causal relationships

Table V

MEW Varurs For Fer Cevr Cnaxcts rrov Basat Irvies v Urivam

METABOLITLS/CRFATININF R

ATios Iour Hours Arrer Tie IngscTtov or

«o ste ACTH v I tnprruy Nopat (N) anp Seimzor nre vie {9) My

tee ~-h<§ Corttn Une tet Sodi_m Tota vm | 1b phate
“rour y e Lreat Lre? Cyeat
Years [N | s | Tw | 7 WIE

13|45 0 4o -2

60| 4. ( -

o
+
©
+

+ +1 | +sa| —of +1ogf + 7] 10+ 3
[P IFET'Y Py BTy VR TY Ry ey )

Ihe data on the resp

ohse to Llucose 1s shown i lable VI

50 fr as the blood sugar 15 concerned the trends m the two
groups are quite stmilar cxeept that the paticnts show a
significantly greater elesation at the one hour reading than

do the normal subjects
teristic of schizophren:

Thrs deerense mn tolerance 1s eharac
¢ patients also (Pmeus ¢ al, 1049,

¥ recman and Flmadjin 1950}

One of the usual con
show a diabetic hke bl
given by mouth (Smut)

conutants of ageing 1s a tendency to
ood glucose trend whether sugar s
| 1948) or intratenously (Smth and

Shock 1949) In young normal subjects the thirty mintte
value 1s usuafly ugher than the sixty nunute reading  In old
normal subjects the thurty nunute reading 1s Ingher than that

of the y ounger mdi idua
elevated over the thirty
patients the sixty ming
tlurty munnte lovdd an
trend 15 oaaggerited

glucose tolerance of the

fsand the sinty minute valueis further
minute one  In young sclnzophreiie
te rewding 1 usually higher than the
d m old schizophrenie subjetiy the
The fuctors cwsing the reduction m
schizophrenie patients are unhnown
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e posaible eause has been thought to be emotsonal tenston
wlch has acted via the hvpothalamus on the anteror
ptatars stimulating the production of corticotrophins and
sdrenocartical steraids resulting . gluconeogenesis from

Table VI
Ya2res 708 Moon asp Lersary CONSTITUENTS BN ELDERLY \ORMAL AN
cirorsmexic SiEN Duriwe Bxrow Hosz Grucoss Torzasnce TEsT

Uiem Loam] mr ] as 1 am ] am
e SN el ER LW
Pt 1 T e T e e e
et tz rosm 102 106"
B TR T B S N 7Y P
et k1T 263 [ ZR53%
[T N Bl T e 3 b
Crent mine 13 ) Skt 5 4 51 3 e
ton tmgy ~ ™ - & |\'.* . ’_Ww
e neter | s ERRY 256
RELL LT RS - e o1
Ceninlw by} N s o FERY
el S momex b T b s R MR~y By
. Leatim g b Y »og* TR
Prew mimg N | o2sem T e XS
H oot s | wn s 159 nune
Pooaphates imx | N wn . o) g™
[P L P Y
Mol g e L r betwee aml 0 W teagrage

uh‘h‘:‘l“l;'!hh:\wl"\: ":!:'l':; the koagva ihe I of & hoar adue frn
NG St Bpare g v et ow
irtan In Gder pooplt 8 may be that the elunination of
surar theeu b the hidnes and not the production 3¢ at fault
MNiwh §580) At any rate both the factors wnolyed § “;1
Pevehint and i apang resalt i the muntenance of o rev;‘ 3
moae MmO e dderly s chatic group ueed

Inth oo plubie response (Tabd
c VD) the
saun hianve & fnher {but not simuficantly 52)“::::};1‘1?;“‘2?

T
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The trend 15 steadily downward over the four hour period
There arc no sigmficant diflferences between the two groups of
subjeets 1n this regard A sumlar Jack of differentiation s
been noted w vounger groups (Hoaglwd et al  1958)

Agemg plays no role in the cosmophil response the deerense
bewng of the same magmtude roughly at all ages (Solomon
and Shoch 1848)  In view of the fact that the dusnal van
ation of cosmophuls results w a decrense of approvimately
21 per cent m the mornimg hours (Stevenson, Metenlfe and
Mobbs 1953) and that the decrease seen above 1s about this
magmtude the effect of the glucose as o cause of the cosno
pema is somes hat doubtful

Ihe values for the lvmphocites are shown in Table V1
After the mgestion of glucose the hvmphocy tes show a drop
s values at the haif hour reading which continues for the
nest hall hour and then returns aimost to the onginal values
by three houre  These trends are swmlar i both groups of
subjects indieatmg no difference m oresponse Tlus s true
ulso for vounger groups {Pincus «f @l 1919)

The lymaphoerte response 1s 1n the maun & murror smage of
the blood glucose tolerance trend  In the time relntionship
1o the glycenue carnve the Iymphoe) tes react more quickly
than the eostnophals

In the easc of the 17 hetosterord/ereatimne ratsos {Lable VI
the patients mitial salues are ngher (but not stgmiicantly so0}
than those of the normal subjects a finding also noted
younger subjects (Pineus e al 1949} In both normal and
schuizophrenie subjeets the values show n downward trend
more steeply for the patients so that the levels at the three
hour reading arc the same  In neither group s there an
wdication of adrenocortieal stimulation  Ehe greater decrease
n values i the patients may be duce to therr sty fugher
values, since there v a nggatnve relationshup (= ~0 00}
between the basal saluc and the absolute change at the
three bour pomt

So far ns agemy, ' concrned  the responst to phitos
dummshes with sntreasmy yeas 1he jouner normal
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subjects, but not the patients show an mcrease at the one
mdl 2}:‘& hour pomtspw}n]e, as we have seen both of the
older groups show a decrease (Pincus ef ol 1949)

The cortinfereatiune ratios again as n the case of the
AT data show signficantly Iigher values w the case of the
patients  In the younger graups the reverse is usually true
{Puncus ¢f ol ¥949) There 1s 1o response 1o the glucose,
there bung & decrease at the one hour reading mn each case
the trend beng the same for both normal and psychotic
moups Ageing scems to play norole in the response to glucose
 this funchion the younger groups bemng equally unreactive
to plucase {Pincus 1920)

The unc serd vatues 1 Table VI show mtially higher levels
of tnie acud exeretion mn the patients a trend noted m younger
subjects (Hoagland ef af 1923)  After the mngestion of
flueose the normal by show an m e
&t the one hour and three hour readings The schuzophreme
Muents at the one hour show o shight upward trend and at
three hours & downward trend At the three hour point the
diference between the merease w the normal subjects and
the decrease wn the schizophrenic patients 1s statistically
sgnifiesnt This lesser T ity of elderly ph
Patients has been noted also 1n voun,er schnzaphrenie patients
(Pincus et al 1939} The matial fex els of une acidjcreatinine
xerehion bear no relationship to the response following
Rlucose o that any difference between the trends mn the

hormal and psyehotie froups cannot be attributed to the
dfterences mn their imatial levels

In the values for
Fatients have amtialt

sodwm/ereatinine ratios (Table 1 1} the
v higher levels than the normaly but not
toa statistically signsficant degree Duning the three hour
et period the normal subjects show on the whole a steady
mild upmard trend The patients show o marked fall at one
hour with a subsequent levelling off of the \alues for thenext
two boure  The difference i trends between the norm b apd
scluzophrense RTOHPS s statsstically s nufieant at the one hour

8d three hour readings Tl differcnce 1n trends betwoen
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fhe trend 15 steaddy downward over the four hour penod
There are no signifieant differences between the two groups of
subjects n this regard A sinular lack of differentiation hw
been noted m younger groups {Ioagland ¢t al , 1953)

Agemg play s no role 1 the cosmoplul response, the decrease
bemg of the same magnitude roughly at all ages (Solomon
and Shoch, 1919} In view of the fact that the dirnal van
ation of cosmopluls results m o decrense of approsmmately
21 per cent m the mormng hours (Stevenson, Metealfe and
Hobbs, 1858) and that the decrease scen above 1s about this
magnitude the effect of the glicose as a cause of the cosino
penia 15 somew hat doubtful

The values for the lymphoervtes are shown m Table V1
After the mgestion of glucose the lymphocytes show a drop
m values at the half hour reading winch contmuces for the
next haif hour and then returns almost to the onginal values
by three hours  These trends are sumilar in both groups of
subjeets, wndicatiy no difference m response  This 15 true
also for younger groups {Pineus «f al  1049)

The lymphocy te response 1s 10 the mam & purror mage of
the blood glucose tolernee trend  In the time relationship
1o the gheemic curve the lymphooy tes react more quichly
than the cosmopluls

In the case of the 17 hetosterod/ereatimne ratios {Table VI)
the patients untial vatues are higher (but not significantls sa)
than those of the normal subjects a finding also noted m
younger subjects (Pmeus et al 1910)  In both normal and
schszophrenie subjects the values show o downward trend
more steeply for the patients so that the levels at the three
hour reading arc the same  In neither group s there any
indieation of ndrenocortienl stimulation  The greater deerene
1n values in the patients may be due to thew mbially fugher
\alues, smee there 15 a negative relationship (r= —0 €0)
between the basal value and the absolute change nt the
three hour pomnt

So far ns sgemyg e concerned the response to LlCoN
dimimshes  with nero wing, years Lhe youn.er norni il
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subjects but not the patients show an mcrease st the oune
and three-hour points while as we hase seen both of the
elder groups show a decrease (Fincus of al 1848}

The cortinjereatinine ratios agam as n the ease of the
{CTH data show sygmficantls hugher valuesn the exse of the
patents In the vounger groups the reserse 1§ usually true
{Pincus et ! 1939) There 15 no response to the glucose
there being & decrease st the one hour readin,, 1 cach cnse
the trend beny the same for both normal and psvehotic
groups Ageng seems Yo play o role in the tespanse to glucose
m Yus function the younger groups bemg equnlly unreactive
to glucose {Pineus 1920)

The unc acid values i Table VI show wntwally higher levels
of une aexd exeretson in the patients a trend noted m younger
subjects (Hoagland et al  1923) After the wngestion of
glucose the normal subjects show an increase n excretion
at the pre hour and three hour readings The schizophrenie
patients at the one hour show a shght upward trend and at
three hours a downward trend At the three hour pont the
difference between the werease w the normal subjects and
the decrease 1n the schwzophremc patients > statstically
sgrieant  This lesser responsivity of elderly schizophrenie
Patients has been noted also 10 Youn, er scluzophrenie patients
tPuncus et @l 1939) The mnial levels of unc aoidlereatimne
excretion beat no relationship te the responw following
ghucose so that anv dufference hetween the trends m the
notmal and psvchotic groups cannot be attnbuted to the
differences 1n thewr mital levels

In the vatues for sadmmicreatinme tatios {Lable V1) the
Patients have imtialls tagher tevels than the normals but not

to 3 stateticalls sizmficant degree Dunng the three hour
test peniod the normal subjects show on the whole a steady
tild upward trend  The patients show a marked fall at one
hour with a yubsequent fex eflin_ off of the values for thenest
\\\‘o h\\:rs Che difference sn trends between the norma wnd
sehizophr e groups is statistieg) 1y

and three hour readings T\x:‘:(‘\:i;el:::{:‘:r‘: t:lc:\‘:lio\:‘:hl\‘::
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the two groups 1s sinular to thit found m younger subjeets
(Pincus et al, 1949} but it may be, 1 part, duc to the
cifference m the mutial lvels There is a negative relationship
{r== —0 16} between the basal values and the abselute
changes t three hours, so that the higher values of the
patients tend to show the gieitest decreases

The pot wstumjereatmne salues { Table VI agun show the
normal subjects to have somewhat lugher values than the
prtients although the difference 1s not statisticath sigmficant
During the three hour period the normt subjects show a
shght dechne m exeretion salues winle in the patients the
decrease 1s quite marhed to a value appronimately 40 per cent
below the imtal level  This differcnce m tronds 1s signficanthy
different betwcen the two groups

The smtinl levels huve some mfluence m the degrec of
response at three hours  There 15 a negitive relationshp
{r==—0 0} between the control Jevels and the abvolute
chnge at the three hour rcading  On this bisss the normyt
subjccts with sutial hugher values would be expected to show
the greater deereise That they do not emphasizes the reil
nature of the difference mn trends between the two groups

‘The values for the phosphatefere winme ratios (Iable V1)
slow the charnctenstreathy fow 1mtial fevels of the suizo-
phrcue patewnts  After the mgestion of glucose m the normal
subjeets there 1s 2 mld nise at the one hour rewding with a
subsequent falf hefow theuutial fevel 2t the three hour reading
In the patients there 1 & marked merease at the one hour
rending to the Jesel of the normal subjects and then a marked
tall dmost back to the onginal level  The trends at both onc
and three hours as compired with the mtal jevels are
statistically sygnifietls different between the two groups
of subjects

1t would scem then, that in the normal subjects the
mgestion of glucose produces a conscryation of p)msplmtc m
tht body o thatless s excreted T the pticats, on the other
f1ind, mote phosphate » escreted  Here the dilfirence
nnbal fevels between the two groups of subjects may ploy
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rle  this varying tvpie of Teahion suke tiere 1s 4 Dby
tetnve relationiship {r= —0 91} btween the wmtt fevd
#nd the absolute chonge =t the three hour pont  Thus the
patients wih their Jow 1alues sould show a wse and the
hormal subjects with thew Wngher values woutd show = fall
Sain 8 3n the ee follosmg ACTH wnjechop we may say
that the matrally fow fevel of urimary phosphatesis o charae
tenstic of schizophiremn but the reaction to the stresy on
stumulus 15 largely dependrnt on that lesel and mav W
hitle beamng on The dysfuncion in sthe psychows

Analysis ot the data for tater relationships between vanous
tunctions agam s the casc of ACTH praved disappomting,
So sigsfieant eo vanane was noted between any of the
uriables studied

Discussion

1t may be said m general that elderdy sehizophireme patients
exchitit the same differences from elderly normal subyeets
that youn_ patients do from young narmal indnidualy There
s tendencs w the old to show the wetenses m Letasterad
and eortumd excretion than o the voun,, but the dufferences
 responses 1n the toneral elements e esscutially sdentieal
throughont the Bie span 1t s probably true that the rena)
trchantsms n the aged play a greater role 1n the responsisaty
of the or_amsm to the teo stress situitions employed hut
thie fact dues not obwvite the persistence of differcrtial
Teoponses between the nurmal and schuzophirerse subjects

The mawt nance of these abnormabiies w the BPODY,
schizophremic group poses on nteresting problem as to
whether the ndrenal cortex teally .uffers from exhanustion
G The mAnY vers i winch these patients have expenented
4 profuund paychotic reaction 1t may be however that the
shiltering of sueh patients from the stresses of rxstence out

sule mav nummmze the stunulating effect upon the adrenat
cortey of the constant emotunal resction  In any case, 1t 1
< nt tht the physiolo_seal defects m these clderly sc’h\m
whr we prtients whatever ther cise have no defeten

«fects upon the ke expeetanicy of such subjects o
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Summary

A studs was mnde of the adrenocortical responsaty of 34
elderly normal men and 88 nged schizophrenie patients
hospitahzed for an svernge period of thirty vears I ollowing
the mjection of 25 mg of ACHH and the mgestion of plucose
the blood and unnary functions under iestigation showed
the same degree of dyvsfunction as had been noted 1 youny,
sclnzophrense subjeets
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DISCUSSION

Aveolaysen X vou observe the annary composttunn from the moment
you wahe up and throughout the day you observe eveie changes
many constiinents The concentration mny be nearhy dounbied from soy
seven @ cloch up to cleven ami then it falis back again  thet s s
espeniments with no food or water mtahe

Freeman Well durnal sanation 13 somethin, we have to tnhe into
consideration nluays  As x mtter of fact there bt too much goml
fiterature on this particular pant  because radiiduls have bean
Wedied at virious tues bt most of the experimenters hase not got the
dats for the enact hours m which onr tests wire performed One can s iy
that nithough diurnal variation played o role in madify ing the response
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h
t \CTH or glucose at least the same factors were present 1n hotl
pormal and gsich:zaphnmm and from that pomt of view it doesnt
alter our facts

\tcolaysen A long tume ago T studied these cyelie changes in ﬂ;e
wrinary composition  Some years later parallel studies were reported In
schuzophrenics  The results were the same a3 1n normal subjects neser
theless they were interpreted as bemg due to the schizophrenie state

Freeman As a matter of fact I think that one should have a control
day 1n which one studses thus diurnal vanation to evaluate the eftect of
medication, I think that sometimes the ACTH produces much less
response than 1s assumed

Nicolaysm ¥ am retormng to Ty point about controls beeause
those days 1t was d that pitwtnn u::ula;n r:s
1 thion of fixed bases  Howerer placing my curved over the o
lr:s:?x?he expenments 1n which pituitrin had been injected showed that
the two sets of obseryations were identical. Obviously ﬁ our conclusions
would not necessanly be imahdated but they mught be somewhat
modified

Freeman Yes I1thunk that has probably not been taken into account
tuffictently 10 all the studies on ACTII Practically nobody in the
American literature has done anything on thig

Ofbrich I would Like to ask 1f you have any comparatiye studies as to
tnsulin sensitivity say with the blood sugar”

Freeman “one 1 old The young schizop
Patients have on the whole shown some insulin resistance This was slso
noted by Meduna that they drop down to a lesser degree in a given
tme 1 you take rapid intervals and on the whole they don t show as
quick or as great a response to a mven dose of insulm as normal
ndividuals do

Olbrich ) ou see the same thing in semle dementias or in any type of
nerologeal lesions with focalizing sites

Freeman It 13 undoubtediv true that reduced glucose tolerance 19
Dund i other types of psichosis because we have studied mame
depressives and other hinds and 1t may be Just a reaction to a psychosis
mther than specibic to schizophrenia

Olirich What method did y0u yge for the creatinine tests?

Rubn  Incubation with sodiw: hydroxide and determination by
colormeter It s yust a simple determimation of creatimne exeretion 1n.
the urine Bs & chech on accuracv of collection we don t give them
creatinine

Freeman TTis ratio s probably not so unportant 1n yor
hecause the ereatinine doesnt vary with t‘}’\oc ACTI 1:“&5::3“;:.?}:
certainly does yary 1 old people

Shoek A study 15 Just bemg completed i o
Silverstone and  Brandfonbrentr  nho povs b‘c';.,"‘?,‘,"?:,';"'."g,“{;
e ponsc of blood sugat t0 1salin 1n normal old people. Ve fa e oy
that el ler indwiduals umforml show a reduced response te et o
::‘\‘cse txmjr:men]h a sullndard amount of msubp was ad‘,’::,m‘;;,m';

Tas en 03 2
¥ wlong with 25 g of glucose abo gven ntraenously
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Rlood sugar fovels weve determuned at ten munute witeryals for period
of two hours T aff smstancos the sate of disippe wranee of glucose from
the bload of the older group was substantidly Tess than 3t was for the
Youn, and ouddle nocd groupy S we the rm stand web et wenous
thucose tokrrace curves oncwhosubjerd we win able o Jhow that
wsulin had & groator o s the young thoam w the old

feas Droinonaw had owny of thest schwophnmes retened
electroconsulste therapy ¢

Lrecman Mo

GINERAL DISCUSSION

Tunbradge T thank that Prof Brull and Prof Yerz be su, oxted almost
complemuntanty thit any asessment of agew,, should be rcfited to
function and that the functional resenve ar the caputs of the indivs
dual under strun was much more fbady o gave an mdic ton of ageing
In other words fadure of fand tion conld be used as a me wsnre of 820,
Prof Medawnr sugested $hot there su bt e s Borahly fuctor and s
nddition what he reforrod fo vy traumaty of environmental factors Be
Comfort would you oy soniethin, on the rafe of hueedityy We e
chistitos other aspects afterwards

Comfort Y hnne becn wimting m the hope that somebody who boows
some genchies would s semething about thue but {don t feed that we
ean pust Jeb 1 pass and T ondy hope that vou will correct me wher Tm
wron,, I think we a,reed that longessty moinboritory stocds such ae
we use 18 hereditary  and longevaty sn g s tcreditary but @t
rather difficult to specsfy exacthy what we mean by that Ve hnow tat
same stemns we worh with fise longor thu others Tn Cruncherg, < book
on the motse there are tha very mice bic tables for nbred kues of miee
showing & tery detict charactersty diffetone between the ino
strame And we kuow that 5t s to some cntent possibie 1o hred for
Tongevity  Strong eonducted some Cxperiments on thase huee but
muost ees §thsah st s Sur to sy he was solectin,, ngamst <hort evety
or against specific catses of death And we Anow that longosts oo man
rans i Fumbes to some stent aho Now the pont T want to mahe
thss  Becton and Jrearson (Momcigd ¢ 101 1 0} & Jon, time ago
studied the sib sih and parent wb corn ] itions of ages in a fon, Ived
fanufy, and they shewed 1ers ¢itarfy that there was far (roater infer sits
correlation than there was parent chitkd correlrtion In Hie sime Seres
mareover the parcnt chald corsdadsn sas T think only pbout one
quarter of thit wlhich oae wonkd tapeet m the case of stataee  That is
the correlation between tadl fathor and tall so was ahout four times that
between long hved father and fon, dised son Hatdme ((don Cenet
1910 14 .49) ponted out that thrs tspe of pattern v what you
would expeet 1o any ease whese the heteroa oty was inhescnth fitter
thar the homory fote and that foes s sgne comadderable dtficultiev

1 don ¢ want to comment on this at great Tes th bhat Y wonder IF [
rmght show you two figures to demanntr ite mther hm-if) ‘um rort n;

genetient thiiflenlty that arises i 1 shang the sunhiul cunes of
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h
s of Drosophila subobsenra  They were byed i eac

!l:itﬁit\::\?!xom{hceggi ku’i’i by fhes after the thirtieth doy of xm::‘x.;\g;t
iife ‘Thegbzect of the experiment was tatey to find the same thmg;z’ A
Livan found m robsfers and 4o wee Whether the hfe span of b o
spring of 018 parents deeretsed cumulatnely It didnt do so 1 th

spenment there ts no-significint tressd s those fimre_ overesght xt:'\l‘}\;\\
tioms oceupying about & year Hut gven more tnterestiag 1s the stabil

sitse e span  In each case we were byeedin,, from the Songest Ined

%

Fie 1 (Canfort) Surt alessses of Deosaplila subob enrn straam
R bred wn vach generat on frore epgs taed by | arents after t2 e
Wtk dsy ol mamnal hfe
-

members of the cohart Y ou it see that i each case the th
ccares A 1 to about the Tu per cont mortality potat we
8 quanter of the Rees telt on each oecasion and onlv quite 5 small pro-
pattion of those vere fertile But by nbreeding long bhyed flres 112 2 stram
winch had been w laboratory cultare for some three years and whieh
Wi geneticafly faxrty stable s e were not able to effect a7y appreciable
metease at all i the vmagmal fe-span Ire 2ot permission from m,

enlieaguies Miss ¢ Clark aod Dy Vaynard Smuth’ {(J Genet 53 l"y)
to3how an expenment wineh they dd on the same stan o gres Fio

Mo ys the sunwal curses for (dotted hne on the loft) vhe wons
Russn ol stenin s b was used in my expeniments ane (salid { o
the feR) n stsan B which was an wihred § (o e o

ve from another kind ¢ f

wty day mark
had onts atiout.
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Drosophala - On the nght you have the survival curves under the same

conditions for the two reciprocal hybrids ]% ond I]l 1 thinh that 1
N

rither an structive example of the efftet of heterosis of induced
hybnd vigour on the hfe span  Fhe degree of sncrease—I dul supern
pose the pictures—is almost exactly comprrable quantitatinely to the
degree of decrense 1n hife span which was obtaned in the rat expersments

Nombe 3 e
g 8 3

3

" A % i 2 baxatend FAS
0w 0 0 40 1 7 w b4 we

3
Age 1 days
1o 2 (Comfort) Drosoplula subobscura “urvival curves of
mbred hnes B and K and of the reeiproent hybrids between

them (sexes combined )
Clarke J M nnd Mavnurd Sapth § (1900)d Cenet 53 172

whieh Dr MeCay published  There wae approvumate doubling of ki
span and ne change w the sope of eventust mortahity whit hine been
donc 13 to push the whole thing ever with o much Jonger plateay

T wonted to show that as an indication of the extremely large effect
which can be praduced by a genctie facter In this case heterasis Mow
had we started witly that particular hybsid cross and Inbred from it 1
hve ne doubt that over five or sia more generntions we should slonly
push the Iife table back aguin ta the position of curves Band k. theenquili
brium position which we have when we have a bine that hae boen
partially mbred for some time That §s rather nn awful warning in
o Tar 58 these leborntory stocks are concerned Weeant T hiaow 1o
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Mot 1o the nature of beterasis but T think 1t 15 fate to point cut that
whie Dr Maynard Smth has shown (J Genet 1050 52 15°) that i
{hus particular ease ar orthodax P a
explanatioen 19 necessary VgOUr 1s @ very heterogenous thing and there
a1t quite a number of instances 1n which an sppasent hybind s 1gour esn
be iduced by ron chromosomal meahs esen 1 believe by oross
mekbng or by transplantation of fetuses from ane animal to snother

There 15 only one Pematring point thiot 1 should Iike tomske and that
1sthat we are worlang with stachs that haye bren 1n the loboratory for
sime tame and the wild Drosophyln wineh are not wild type  but are
setually caught i the wild bave often been notyced to have a great deal
toger hfe span thaa our domestie Drosophila  The longest hived one
which Dr Mavnard Sauth has obsers ed had a Jife span after catehog—
& may have Ined already for some dsys before that~which supgested
that st would Ine far sbout as long 8s those vigorous hybnds of
wurse we have pe evidence as yet that heteroms hybndization can
produce 8 greater hife span than is found im the wild ammal. T just want
10 stress the danpers wto whtch we run 3f sve do ageing experiments on
wbred Mines wluch are showing the degree of stabmity and the degree of
wbreecing depression which we found i our Drosophila

Brull 1 am glad that you have siressed the penetwal iftuence
which 13 50 ymportant ta agemy  If you can say that in small anmals
geectsenl nfvenee 15 8o grest you could go further 1 mankind and say
that genetses 1 mankand not oshy nfluence duration of kfe but also the
form of aceiny  In thus field much can be done snd should be dane JET
may make a sugpestion for future research angd for future meetings 3t
would be to have meetings of chrueians who have studied the specsal
864 of heredaty wn o and cross chmoars with genetiensts

Comfert And thereby obtain some hybod vagour?

Lansw, 1 tusk Dr Comfort has raised a very mteresting paist sn
connectron wth hybrud vigour and Im very much impressed with the

St lies on Drosophils that stirmpied 1o Tepeat the work that we did
with 1otifers and did not suceced I wonder if there 15 a fundamental
difference in ¢ ur materal? We of course hae feted with the posnbiity
that there sre differences  The rofifer ceases all cel} division in the
embryo the newly hatched rotifer has aif the cells 1t 1g gong to have
they merely get larger If m not mustaken in Drosophila divesion 10
the ovary continues snd so we& may hase there g very fundamental
Sifterence between these stocks of matenss]  The rotifer ¢ggs hawe time
to age 1 the ovary they age along with the mother while 1n Iresophela
Soung eggs are svadsbie 1n the ovary of the older mather P
Comfort Ang of course here we are onk:
he of Drosophala that follawseclosion whg}nlxi\e;{xl:gurmngl‘z::; 1‘1)3:1! Ot!me
ment apd has ceased somatic growth apart from 1 the oy ; cl‘é o
Ln;:w l‘o «):ag eﬁe& ng:“:uc mutosss contimues mo;?kﬂa ogl‘\
entoemaologmst my; a
ertomae i\te ) o tel us but we are only dealing here with
Turbridge Would yon now I
of agomg Trof Trankime 1 12833 snvthing ahout  oue deinstion

7w
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Frankhn Na Ttk st is straightforsned as 3t stands {see p 81 Fd}
But I should ke to 593 that I am gld y0u have tackled this problum
beeause we should otherwise be Iihe the negro who was chased by o ber
and ashed by someone when he was going at full speed where he was
g;nng' sard  Ah amt gomn nowhere Ahm commn away from some
place’

Shock Does a defimtion of ageing hwve to be Jimited to decrcasing
funetions?

Franklin Change of function surely

Corvdry Yes, 1t can be mcreasing

Arokn Well, that 1s the meaming of agemng 1sn tit? You use the word

agemng ‘ to menn any change 85 the orgamsm gets older Yau e to
use perhaps senescing  for deterioratine changes

L;oudry I have a definition  Ageing 15 change with time in the hfe
cycle

Lansing ¥Would you earc to qualfy that and make it change math time
1 the adult organism?

Couwdry No
: I\dralm Vthen would you deline someliody as having reached adult

hood?

Tansing Vvhen he has rcached masimum size

Gross There should be a distinictron between deyclopment and aguing

Comfort In Prof Medawar s temparary abscnce I would Ithe to put In
o plea for his debnition of senescence as the increase i habihty to die
with advancing age It may be proper to distinguish ageing from senes
cenct but in that case I think we ean scrop agemg altogether and calt it

devel beeguse g logy 1s an cntity which onhy comes ito
existence ta describe a process human beings don t hhe a detenorative
prrocess and T take it that it 1s senescence with which we ave conecrned
here  Larlier 1n the mecettng Dr Lensing made a declatatton of faith on
the subject of the overall umty of the scnescent process  He sad that we
aught to look for underlying processes which expimn alf sengscenee Up
to n point ¥ think that that 15 so 1 that [ have no doubt that the
exhiustion of enzy me <ystems m celly which don ¢ divule mi ht provide
us with sometlung of the hand  Butof we do nceept 23 X snpgst we
should the idea of scnescence stmply as the mereastng bty to die
with fnereassng age then the most strikiny, thing 1 comparatie stuihies
witsdisersity We have mnsects in which the mechanteal weanng out of
the cuticle appears to be an unportant feature we have others which
dau t feed at all and appe i to deplcte their rescrves amid we have some
ammals 08 has already been mentioned which die automatically afiee
breeding possibly from deplction we have the elephinnt which im
told dics in the wild state when its teeth near out § have no ddoubt
that if you gove the elephant fulse tecth he would e of some othr
senescent process eventusily T don t want 1o spesh out of tuen it
1 m somew hiat sceptical of thus underlytng, vaity of any aguing process

1 think we should be empirrcal about 1t and treat senesetsice atmply #x
» mame for that whole group of cauws which quake animals have n
determinate Ife span instead of an indetermunate one
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¢ Buy take the male rotifer (€ 1s born_ 1t has no slunentary
tmx::“;;:d Qies of stamation withis twenty four hours nfter n’ruhzm,,“
Des he dse of senescence® 14 rather put lum 11 a special om»%rm ‘n\) ]
very degenerate t\gnmc;cr wha starses ta death o the twenty four how
od that he s busy ferfihzing
mc'«m!ou Tt you can t prose although I tink it s lughly nnpm!m\{{e
that even the mammal does not die from depletion of sometinng ‘c
fnow s hitle abaut the processes which actually eperate ¥ really
doa t see how we ean Suscrumnate
Lansn, Well Y suther hope that we can Tt scems o me that there
sre {in spite of oty declarabion of farth yesterday) i hielogy o number
of bzarre phenatnesa #nd organusms which can be pomted out as the
expeptions ta the rule When I think of senescence I thard, of somethang
¢ bappens not to ctuldren or to nfant ratifers but to the Srganisi
that has become an adult and then undesgone some type of change to
wiod up dead sooner os later That s what ¥ mean by .enescence  The
matusstion of the embryo the new botn chidd the adctescent the
changes with time prior to te me ave not
Cowwdry % ours 13 the downswing of Ife then
Langin, Yes after adulthoad has been reached I capt define
adulthood teo well and 1 some cs 5 the changes that secur i agult
food are sant to be maproyements rathes than lowses
Cardry You dos t bave to define i #f s oy just call 1t the downsming
that smphes that after 8 height \ou start to go down
Comfort Do vou agree then thet for vavous orgsmstus the factors
hat, comtnibute to that downswing tend to duffer very Tadieally from
Phytum to phylom’
nstn, Im not prepsred to agvee to that 1 thank wwe have speert
tases whih bring about death but not sl death 1s due to sehescence
Acolayern 1§ wou had the 1deal solution you would hnow sbout
every celt i the dody 3 hat cells are apeny, and then what engymes nre
dechmng and then von v ould come to a cracal stage where ke aceord
g 1o our orthoduy meanmz Wit stop I we had sl that know ledge we
cauld e 2 chienseal definiion of ageing So we coukd then wor,
backwardy and see ho ymuch ve know about the vital organs i old age
Ths muglt be a useful approach
Lansin, The declaration of fath 1 made yesterday stems in part
from the 3 wnous type of survival suries that Dr Comfort showed us
The survs al curve for Drosaphtis was virtually dentseal wath the sur
nm\al curse that on: 1oty far m:én hetmpt that the tune scale 2 & hittle
o ne 15 mea weed m vears sud the other
fursivab rurve far £ ers 2 5 the sasm s eares, e OICCts the

nisms Gper!
8 oomerdence i aff these pracesses all e It would be quite
way

Confort Ranmond Peard plotteq
Which was pgaio the sume Ehl;pc! @ suthvaval curve for automokles
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Franklin No Ttlunkit is straightfornard as 1t stands [sce p %1 *d]
But I should like to s1y that [ am gld vou have tackled this problem
because we should otherwrse b Jike the negro #who was chased by a bor
and, asked by someone when he was going at full speed where e was
going said Ah mnt gom nowhere Ahm comun awiy from some
place

Shoc!  Does a defimtion of ageing have to be imited to deercnsing
functions?

Franklin Change of function surely

Cowdry }es, 1t can be inercasing

Arohn Well thatis the meaming of ngeing 1sn t it} Y ou use the word
‘ agemng * to mean any change as the organism gets alder  You hase to
use perhaps * scneseing  for deteriorative changes

Condry Y have a definition  Ageing 13 change wath time wn the Wit
eycle

Lansing Would you carc to quahfy that and make it change with time
m the adult organism?

Cotdry No

Arofin W hen would you define somebody ns having reached adult
hood?

Tansing When be has renched manimam size

Gross 1here should be n distinetion between development and ageny

Comfort In Prof Medawat s temporary absence I wauld Iike to put in

a plea for lus definttion of sencscence a9 the increase in Liability to die
with advanciogage It may be proper to distinguish ageing from senes
cence but In that ease I think we can serap ageiny, altogether and call it
development, beeause gerontology is an cntity which only comes into
enistence to describe a process human beings don t ke a detenortine
process and I take it that it is senescence with which we are coneerned
here  Earhier in the meeting Dr 1 ansing made a declarntion of faith on
the subject of the overall unity of the senescent process e said that we
ought to lack for underlyiny, processes which explain all senescence Up
to n pomnt T think that that s so, i that I hnave no doubt that the
exhaustion of enzyme systems m cell which don & divide mi ht provide
us with somethung of the hind  Rut if we do aceept as I suggest we
should the 1dea of senescence sunply as the inercasmg habihty to die
with ancreasing nge then the most striking thing in comparative atudics
s diversity  Vve have insects in which the meehnmcal weanng out of
the cuticle appears to be an unportant feature we have others which
don t feed ot ail and appear to deplete theyr reserves and we hnyve some
ammals as has aleeady been menttoned which die automatically after
brecding possibly from deplction we have the elephant which Im
told cies fn the wild state when ats teeth near out 1 hase no doubt
that if you gave the elephant fatse tecth he would die of some n(hc:
senescent process cventually I dont want to speak out of turn hu!
1 m somewhnt sceptical of tlus underlying unity of any agcing process
1 think we should be empirieal about 1t and treat senescenc siphy 1y
a name for that whole group of cuses which mahe onjmals hmve n
determinate hfe span instead of an indcterminnie one
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1 of Ule tables mught be an mdex as to what you were donng, o 3
grocess but if you re gomg to exphim agewng 88 4 process ¥ ﬁnniL
whmately you have o Jaak, ab mdivaduals and perhaps the best m;y :
10 lo0h 5 them from diffesent potnts of view and at different lesels of
orgamzation § doubt 1f 1t would be possible ta fosmulate a definttion
of a,eimy that would be aceeptable tw everybody and would coser afl
the a<perts of the problem as it now stands

Frmkhin \svier Brchat Ithinh defined hie as the sum of the forers

which rest desth Same af us find that ageny 3 death takany, small
tates

Y * . *

Taubnd ¢ 1 thosh we vhalt have to gecept agewng as & chronolocal
paove

v

To summarge thus sery nteresting colfoquum  Dr Melw ha
emplia ved that the eonditions of expermments howeser well phinned
may be artifictst for whates er anvmal or insect or & b e seloct and it
esen m amnmd expenments disesse processes must be taken mto
soeonat,

Eeredity was mentwned by Lreof Medanar and Dr Comfert It
ohvion by comes wnto the storv but e work seerms 1o show that there
may be (ollacies 1 some of the cirrent views  We do got know o what
extent there 13 a true species difference  Dafferences may be due to
environmental conditions a5 rof Krohn mentioned for the ovary-—
and not to thy det t i I think
%e have come 1crass the difficulty of & sessing erttronmenta! factors
Thev are difu udt to contral slmeat wapos 1ble w man and we tend to
deal with end resaits nstesd of lonhing for primary cavses m man
beoawse of Ahe bong e evele ve may hane been ton obsessed with the
former Ve agreest that although pathologieal arteriat changes ocout
they are not peetbe for any sge group i1 a question of seventy
which again may be due ta the passage of tme

e was some difference of opinion smong the pathologmsts as ta
whether thes could tell the age of a cell  Some agreed that with thie
technmue avwdable tolay it s not always posabde  § think that 1
becuse the methods we u & he o cell us one moment of its hic eydde We
T2g sl w differences 1 nuclear structure bot uniess the pratoplasmue
hanges are gro 3 pre ent day lechmgues do not demonstrate alter
toms 2 wany be 1hat there 1y chanpe but that 1t 15 not obsers ed

The suy, testions put Drward by Dr Patkes on the viability of tussues
after certaan b wn trauma were fascinating Why 121t that when oelly
are frozen and mamtmned so for sarying petods the onger th
Hurats n of freezing the preater the chance of ko of viabilaty? g;t t’n:
temperatures suggested it os elear that most brochenwsts wouid say tha
the kncin chemical reactizns have censed \o net and thenef e the
pu;;l\ p!\\s\c‘?i l'u‘(,mu might be the important ones refore the

gy spreahers kave emphasined the w;

relation to the Uy span. § ecdvng immatan, :;mﬂ;‘;“,‘;"mc:fa‘;’gm
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Shock T think the argument that becawse two iffcrent plienosment
em be made to fit the same mathanatio! formuhitron they e
common processes betund than s an «\lremeh hazardous one

Lansimg Twud only that it « a possthility  T'in not prepved to s
that we have s many Kinds of protoplasm as we e species T think
there s n common protoplasm with ba 1 propertics of multipheation
and growth dechne wrritabilits and so on varun, 1 detml not m
prnciple

Comfort Doces that imply that vou think th it senescence 1s probibly
inherent i nli metazon?

Tansing In so far as we can observe it it is a natural phenomenon
I would Iihe to avord the unplieation that because it may be silierent
it must be mesitable

Comfort T was wondering about the case of the sea anemone At
I dinburgh there were sen anemones which were 1 captisity for about
ninety vears without any change i shape they apparcatly grew new
ceilsat one end and hnoched off cells at the other end and they continued
to form Ithe & clowd over a mount un - They appear to be an example of

ndet on th combined wath deflunte <ize And I sce Dren in
a recent article (Fol Bet 1953 28 308) has been chinung, the same
thn,, for Hydra

Tansing But for instance the protoson were held to be eontradictory
to this hypothess until the work was done and then we found thit
therce 1s senescence 1n protozon Just as there is n any other species
unless a particular biologieal process intervenes antogamy or conjugn
tion  In the absence of the Intter Parmmecia o on to die following
survisal curves very much ike those for man

Shoch I would agrec that protoplasm s probably fundamentally
much the same staif although we know that varous tiwtes develop
different functions so that thewr enryme svstems must vary quite
widels between ifferent cells 1n the some antmal Lo that extent T
would agrec that perhaps if vou hnew what 1t was that cnused n eelt to
Tore ats alabity to mamtamn concentration gradients  maintan ite
metubohe processes you would be o fong way toward understanding the
ageing process But 1t seems to me that the techmgues that we hnve for
mvestignting, sngle cclleare very mengre  Dr Cowdry feels that ityon
tahe a cell ot of its tissue 1t 13 no longer a <ol If we aceept this position
we are himited to umeeliular organisms for study but unfortunately
most of these speeres simply duade and form two new cells so that

agewny, failstooccur  Lhus we are faced with the problem of studving
more complex ammal o tissue nang both biochemien) nnd pinsio
logieal tcchmques  Sinee changes i the ensironment of the cell pro-
dueed by changang the dict of the animal will often result in nllt‘mllm‘“
10 cellular enzymes it seems ta me that perhaps we are going to have )0
look at the problem of ngeing from o rumber of different Jeveld am‘l;lrr
tancously and not try at the moment to conceptunlize the r‘nkm
problem'in ane framework  Prof Medanar has appro whed """P";"“ "
front u statistical evalution of Ife tables Tam not l""l“‘"’“ :r:nin‘u
this approach as the only way out of the diflicultics Ithink thee




Physiological Cardiology

Polycythemsa Vera The erythremia of polycythemia vera
mvolves increases of up to 100% 1 the red cell mass, and,
n extreme cases doubling or trebling of the total blood, but
not the plasma volume (58) With the marhed increases n
red blood cells, white bload cells, and even the platelets the
blood viscosity may be five to eight times normal, and slight
prolongation of the arculation time (14) markedly slowed
enythrocyte sedimentation rate and repeated vascular throm
boses are the rule Extreme plethora leads to venocapillary
distention and stasts ruddy cyanosis (cf , Fig 6), erythromel
algia albuminursa, pulmonary nodular  congestion shghtly
diminished vital capacity and increased residual asr and res
prratoty munute volume and possibly to cerebrospmal flud
1t not venous hypertension Headache sleepiness even Cheyne
Stohes respiration may result from the extreme cerebral
schemia (136)

On excrtion there may be further mterference with pul
monary oxygen uptahe with consequent artertal oaygen desatu
ration  Cowmncidentally with hyperventilation the basal met
abolic rate 15 moderately increased However the venous pres
sure and the cardiac output and work (3) may be unchanged
and the occasional arterial hypertension (Geisboech syndrome)
and cardiomegaly may be conadental Nevertheless the
erythremia and increased viscosity may contribute to cardiac
overwork and dilatation especially on exertion and 1n the
presence of the cardiac disease

The not mfrequently high total blood volumes n such con
ditrons as hemoly tsc anemuas and congestive splenomegaly (58)
are of interest as are the occasional cardiomegalies 1n asso
cation with anemia and hydrops 1n erythroblastosts fetalts

Carbon Monoasde Porsonng In carbon monowide poisoning
and methemoglobinemsa the tissue hypoxsa 15 exaggerated by
the shift of the dissociation curve of oxyhemoglobin to the

27%



Endocrine and Metabalee Syndronmes

Leit. Cyanonis results at carbon monoxde hemoglobin :}i
methemoglobsn levels of 3 gm ¢ or hugher Despite the m:o

greater (210 times) bindiag power of hemaglobin for casbon
monoxide than for oxygen, carbon monoxide-hemoglobin must
be preseat 10 the blood to the extent of mose than 35 volumes
% of the total before chmical munifestations occur In the
heart these ate due to the myocardsal hypoxia, aggrava ed by
lemened dissoastion of the decreased oxyhemoglobn (the
Haldage effect Fig 9) a5 well as the durect enzymotoxic (g

tachrome omdase) effects of the gas Reversible arthythmus
coronary tosufficeny  occasionally atmoventricular or bundle
branch block, and expenimentally even carduc falure result
from carbon monoxide posomng By a drastic increase 1 oxy

gen tension, oxygen (under pressure) tefcases and elimmates
the forergn gas mach more caprdly than are bresthung Carbon
dioxide (5¢,) smhalation, procune infusion, and blood trans
fusion ate relatnely h

¥

Part IV
CARDIOVASCULAR BURDENS OF PREGVANCY
The cardiovascular burdens of preghancy wclude gua
18 weight ncreased blood supply to the enlarged uterus prob-
able arteniovenous anastomoses . the hypenasculae placenta
(23) sncreased body wates and blood volume and increased
¢arduac autput 20d wark

Hyperioesna

The carduac output iacreases from the fourth to the minth
“uath of pregnancy (3) perhaps 15 & result of the placental
Ateniosenous communications and the ncreased venous pe
twn The heart rate goes up less thin the strohe volume
Anather factor 1 the augmentation of the cardiac output 1s the
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Physiological Cardiology

Polycythemsa Vera The erythremia of polycythemia ver
nvolves sncreases of up to 100% 1n the red cell mass anc
i extreme cases, doubling or trebling of the total blood bu
not the plasma, volume (58) With the marhed increases 1
red blood cells white blood cells and even the platelets th
blood viscosity may be five to eight times normal and shigh
prolongation of the airculation time (14) markedly slowe
erythrocyte sedimentation rate and repeated vascular throm
boses are the rule Extreme plethora leads to venocapillary
distention and stasis ruddy cyanosis (cf Fig 6) erythromel
algta albuminunia pulmonary nodular congestion slightly
duminshed vital capacity and increased tesidual air and res
piratory munute volume, and possibly to cercbrospmnal flud
1t not venous hypertension Headache sleepiness even Cheyne
Stohes respiration may result from the extreme cerebral
1scherma (136)

On exertion there may be further interference with pul
monary oxygen uptake, with consequent arterial oxygen desatu
ration Comcrdentally with hyperveatdation the basal met
abolic rate 1s moderately increased However the venous pres
sure and the cardiac output and work (3) may be unchanged
and the occasional arterial hypertension (Geisboech syndrome)
and cardiomegaly may be comncdental Nevertheless, the
erythremna and increased viscosity may contribute to cardiac
overwork and dilatation especially on exertion and 1 the
presence of the cardiac disease

The not nfrequently high total blood volumes n such con
ditions as hemolytic anemyas and congestive splenomegaly (58)
are of interest as are the occastonal cardiomegalies 1n asso
cation with anemia and hydrops 1 erythroblastosts fetalis

Carbon Monoxide Porsomng In carbon monoxide potsoning
and methemoglobinemia the tissue hyponsa s exaggerated by
the shift of the dissoctation curve of oxyhemoglobmn to the
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left Cyanosis results at carbon monoxide hemoglobin  or
methemoglobin levels of 3 gm 6 or higher Despite the much
greater (210 times) binding power of hemoglobin for catbon
monoxide than for oxygen carbon monoxide hemoglobin must
be present 1n the blood to the extent of more than 35 volumes
6, of the total before climcal mamifestations occur Ta the
heast these ate duc to the myocardsal hypoxia aggrasated by
lessened dissociation of the decreased oxyhemoglobin  (the
Haldane effect Fig 9) as well as the direct enzymotonse (6§

tochrome ondase) effects of the gas Reversible arthythmuas
coronay snsufficeny  occastonally atrioventricular or bundle
branch bloch and expetimentally even cardiac falute result
from carbon monoxide poisonmg By a drastic increase 1n oxy

gen tenstion oxjgen (under pressure) rcleases and ehmuinates
the foresgn gas much more rapidly than s breathing Carbon

dionide (5¢%) wnhalation procaine wfusion and blood trans
fusion are relatnely F 1

P

Part IV
CARDIOVASCULAR BURDENS OF PREGNANCY
The cardiovascular burdens of pregnancy mndlude gain
n werght increased bload supply to the enlarged uterus prob
able arteriovenous anastomases 1 the hypenascular placenta
{23} 1ncreased body water and blood volume and ncreased
carduac output and work,

HyPERKINEMIA

The cardiac output increases from the faucth to the ninth
month of pregnancy (3) pethaps as a result of the placental
arteriovenous communications and the tncreased venous re
turn The heart rate goes up less than the strohe volume
Another factor in the augmentation of the cardiac output 15 the
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progressive increase 1n the blood, and especnlly in the plasma
volume (53) Hemodilution, heace accounts for the fall in
blood viscosity and, putly 10 the red blood count and hemo
globn levels

Corresponding to the mncreased cardiac output the crcula
tion time 15 slightly decreased although 1t may be unaltered
The forewm blood flow possibly (?), and the hand flow are
ncreased 1 pregnancy  Since the fetus has a lugh metabolic
rate and the mother s respiratory and other muscles are by
peractive there 1s a nise n the oxygen consumption which s
reflected 1 the hugher cardiac output  Hyperhinemia more
than compensates for the mncreased peripheral demands so that
the artenovenous onygen difference 15 lowered (23)

‘The 1ncreased ntracardine blood flow 1s evidenced by the
frequent palpitation ind the reverberating heart sounds espe
caally the fisst apical and the second pulmonic the loud P
mdicating the actine pulmonary congestion preseat  Systolic
murmurs  pulmonic more than apical are often accompanicd
as 1n other hyperhinemic states by a third heart sound which
may simulate 1 distohic gallop Rarely a stethographically
evident fourth (atrl) sound and an accentuated prolonged
first heart sound may simulate the presystolic murmur of mutral
stenosts  Letopic beats and wven paroxysmal supraventricular
tachycardra are not uncommon n pregnancy

PLRIPHLRAL VASODILATATION

As there may be a slight decrease i the systolic and diastolic
arternal pressure and i the pulmonary artersal pressure be
cause of pertpheral vasodilatation and the placental arterio
venous 1nistomoses (23) the nise i the cardie work® 1s prs
mardly due to the mcrewsed cardiac output and possibly to the

*W = QR + wy /7% (47 p %)
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augmented mass and veloaty of the blood discharge Not in
frequently as an indication of the marhed astenolac and capit
lary vasoditatation  penipheral signs like those of aortic !
sufficiency {p 182) are present Orthostatic hypotension great
ly enhanced by tetracthylammonsum also occasionally tesults
from fathure of vasomotor tone (19 132)

DyseNEA AND EDEMA

Dyspnea on exertion i pregnancy 15 due to increased ventla
tion and the 1ncreased work of the respiratory muscles and not
due to the active  pulmonary congestion since the wtal ca
pacity 15 unchanged or wven shghtly elesated Pedal cdema
may Idemise be present 1n the absence of cardiac failure
partly as 3 result of the pressure of the enlarged uterus upon
the shac veims Thus 15 proven by the finding of an wncreased
venous pressute in the femoral but not 1a the bradual veins
eversible by Caesarean operation 2lso by the prolongation of
the foot groin arculation time Peripheral vasodilatation and
an mcreased capillary filtering surface aggrasated by the oc
astonal severe anemia or thiamene defiaency mfrequent fow
enng of the serum protein content and oncotic pressute and
possibly steroid of postpituitary hyperactivity arc selatnvely
Unimportant factors in the production of the edema or the
cardiovascular weakness The extracetlular flmd volume 1s cor
tespondingly elevated
CARDIOVASCULAR INSUFFICIENGY

As the arculatoty reseres ate cncroached upon by preg,
nang  assoviated orgamc usually sheumatic salyular heart
disease 15 aggravated by the pregnant state Expcumentally

normal pregnancy does not ncrease the heatt mass Chaseally
€ven jn normal

pregaancy slight or apparcnt enlargement of
the cardeac silh (83) and p < of the pul y
vaseular markings ure the rule When the cardrac 10ad s 1

n
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progressive increase in the blood and especially 1 the plasma
volume (83) Hemodilution hence accounts for the fall 1n
blood viscosity and, partly, 1 the red blood count and hemo
globi levels

Corresponding to the increased cardiac output the arcula
tion time 15 shightly decreased although 1t may be unaltered
The forcarm blood flow possibly (?) and the hand flow ate
increased 1 pregnancy Swnce the fetus has a high metabolic
rate, and the mothers respiratory and other muscles are hy
peractive there 15 a rise 1n the oaygen consumption which 15
reflected 1o the higher cardiac output Hyperhinerma more
than compensates for the increased peripheral demands so that
the arteriovenous ovygen difference 1s lowered (23)

The 1ncreased 1ntracardiac blood flow 1s evidenced by the
frequent palpitation and the reverberating heart sounds ¢spe
cally the first aprcal and the second pulmonic the loud P
indicating, the actve pulmonary congestion present  Systolic
murmurs  pulmonic more than apical are often accompanied
as 1n other hyperhincmic states by a third heart sound which
may simulate a diastolic galop Rarely a stcthographucally
evident fourth (atnial) sound and an accentuated prolonged
first heatt sound may stmulate the presystolic murmur of mutral
stenosis Ectopic beats and «ven paroaysmal supraventricular
tachycardia are not uncommon n pregnancy

PERIPHERAL VASODILATATION

As there may be a shight decrease i the systolic and diastolic
arterial pressure and m the pulmonary atterial pressure be
cause of perspheral vasodilatation and the placental arterso
\enous anastomoses (23) the nise m the cardiac work® 1s pnt
manly due to the increased cardrac output and possibly to the

*W = QR+ wv /2 (17 p 38)
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Pary V
CARDIOVASCULAR BURDENS Of OBESITY

Orerveight presents some of e eardiovascutar burdens of
pregnant) ‘The towmscular Wotk of obese wdinduals 1 e
dent requiing Brees than nowal expendituce of cacegy
25 untramed ndnaduals In the fespuatory sphere weaknoss
and tasness of the sespiratory muscles leads ta low ual <@
pacity and dyspriea on exestion I the curdionascufar sphere
the mceeascd pesspheral demands often accentuated by 3 basal
metabolssm shightly racecased relatinely to the acdne musde
@us lead to mached ncreases 1n heatt fate ga exettwa In
cteased sweating of the large body surface feads to greater
tharst and tagestion of sajt wath mnczeased buds Buid coatenit
sud blood volume The decreased circulatory tespisatory and
ox) gen feseries are emphisized 19 contrast to the apposite tind
mgs m the athlete by the high blood lactate fevel oxygen
consumption end oxygen debt (113) and qyanoss eahness
and fatipucability on exertion

The systobe artennal pressure 1s often efevated The greater
frequenty of hypercholesterolemua varicose vans thrombo
embolism disbetes coranaty sclerosts myocardial infarction 1G]
by permetabolism (?} and hypertension emphasize the cardiac
dangers of obesty Comersely underputntion of the obese
reduces the cardrac output and work lo myocardial and cor
onary fature from other causes abestly exaggerates the symp

toms and on overexertion ar surgical ater ention may even
precipitate death

Part Vi

CARDIOVASCULAR MANIFESTATIONS OF STARVATION
HYPORNEMIA
Proloaged semustanvation deo
wtases the heart weight
of the cardac mascle fbess heart e strohe \olur‘i\e :n’z;
2%y
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creased by an augmented venous return, e g on overexertion
even cardiac fatlure may result 1n organic heart disease Car
duac decompensation occurs most commonly tn mutral stenosis
with atrial fibnllation, and rarely in severe aortic msufficsency
or arterial hypertension On the other hand compensated cases
of congenital heart disease excluding those with marked co
arctation of the aorta (e g danger of dissection and rupture)
and possibly severe hypoxemua and mached enlargement of
the heart stand pregnancy well despite the ncreased cardiac
worh  presumably because the myocardium 15 unimsolved
Cardiovascular overload and changes 1 the blood lipids may
be responsible for the rare cascs of incomplete rupture of the
aorta and dissccting aneurysm just before labor

CARDIAC STRAINS OF PARTURITION

The pans of labor are accompanied by straning cfforts of
the Valsalva mancuver type and subsequent rises in venous
return 1ntracardiac and arterial pressures oxygen debt and
work of the heart The contractions of the uterus expel large
amounts of blood i what amounts to an autotransfusion
Therefore pulmonary edema 15 occastonally preapitated n
cases of mutral stenosis and congenital cardiac cases with septal
dcfects may develop right to left blood shunts

After delivery there are unmediate nises n the heart rate
respiratory rate and venous pressure findings which simulate
those which accompany the closure of a large arteriovenous
fistula (21) the rise in venous pressure may however be due
to the use of ergotrate Increased cardsac work results from the
rise n cardiac output systemic and pulmonary artenal pres
sure and night ateal pressure Postpartum heart failure which
rarely occurs 1n hearts unaffected by the usual causes of organic
heart disease may be due m part to the mcreased blood vol
ume and to cryptic toxemua of pregnancy nephritis degenera
tive myocardosts or thiamune deficiency
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Jtrapks 2nd hypometabolism contnibute to the decreased <at
ax:cpiz:xene Ifo?: soltsge of the QRS and T waves and pro
longation of the Q-T nterval i the electrocacdiagram hl\j
Ixen blamed on the carduc atrophy hypometsbolism 4o

possible myocardial degenenation and ntracetlulac edema
The wital capactty and pulmonary veatilation ate fowered pre
tmanh 2s 2 restlt of respiratory muscde weshness and not of
any marked pulmonary congestion Newther dyspaca nor 10
creased qpanosis occurs on exestion Central vcnous and nght
dtaad ypostension may howewer be present Even dilaation
and consequent hypettophy and faduse of the heut hae
been reposted o the Bantus While syncope 1s tommon g
taficant onthostatic hypotension 15 sare perhaps because the
tlood valume per hg 15 actually efesated The causes of the

increased tendency to thromboembolism are unhoown ¢xcept
for stowed arcafation

REHABILITATION CARDIAC OVERLOAD

In comalescence with {eg  cachobydrate) hyperalynenta
o there ase parallel excessmve tises i the metabohe rate
actenial pressure heart zate and output and ia the cardhac
wolk The mse i stroke volume lags behud the mcessing
g pressure and size of the hest Thus ntravenous fuids
preatly elevate the nght ateal psessure. Oveishooling with
sigarficant srtenial and venous (eg 15 to 20 an of H D)
hypertension 15 not uncommon Orverfoad of the atraphst beant
M2y thetefore produce rardiac dietation and raecdy ¢ven
faduse and sudden death In the Bantus on the other hand
stanation cardiopathy has beco asnehosated by byperauteiion
but not by thiamme alone

115 probable that the atrophic heatts w cacheetse diseases—
dironic nfections malignanaies prutary ot adsenal insufficiency
—-ate wedkened by muscle atrophy and fibrosts hypometabo
tism and passible local deficvency of needed vianmns and other

281



Physiological Cvdrology

especrally therefore, the minute blood flow, and the artersal,
\cnous, and tissue (%) pressures (82) The cardiac workh* 1s
thereby  greatly reduced and glycogen accumulates m the
heart The resulting hypokinemia 15 characterized by prolonged
arculation times, and the cold shghtly canotic extremities
testify to the duminished peripheral blood flow The basal
metabolic rate may fall to ~30 to ~405 (cf anorex1a nervosa)
as the calonc stzhe speafic dynamic action, proten and
potasstum (?) stores body and organ weights muscle tone
blood flow, body temperature and probably the enzymatic ac
tivity decrease marhedly

STARVATION EDEMA

Starvation edema ( famine edema  war edema ) need
not be assoctated with hypoproteinemsa and hypoalbuminemia
and consequent lowering of the colloid osmotic pressure of
the plasma but 1s constantly accompanied by elevated plasma
and, especially extracellular flud volumes Charactersstically
there are salt hunger, polydipsia and salt and [later water
retention 1 starvation, as i plasmaphoresis edema Conversely
loss of edema 1s associated with dwresis and excretion of up
to 28 gm of salt darly Decreased renal blood flow number of
functional tubules and tissue pressure may be other important
factors 1n the production of edema With fiver damage and
protemn depletion an ADH **like factor may be found 1n the
urine during nutritional edema

CaRDIAC CHANGES

Glycogen depletion occurs 1n the Inver but not tn the heart
However the deleterious effects of the nutntional anemia
cholmne protein and vitamin deficiencies as well as the cardiac

*# Cardiac worh = output x mean arternal pressure 16 W QR + wv¥/2g

(47 p 38)
*+ Antudivretic bormone of the neurohy pophy sis

220



Endocrine and Metabolue Syndronses

hy and hypometabolism ¢ontribute 1o the Jecreased €at
:L;“cprien: XZopw soltage of the QRS and T wases and pro
loagaton of the Q-T smterval n the eleqtroxardiogram lm:
been bamed on the cardac atrophy  hypomitabolism 2o
passible ayocardist degenesation and ntracellular edema
The wtal capacity sad pulmonary sentilation are Jowered prt
many 15 a result of respustory muscle weahaess and not of
any marhed pulmonary congestion Nether dyspaca nor in
srtased qyanosis occuss on exertion Central venous aad nght
striad hypestension may however be present Esen didatation
and consequent hypertraphy and faluee of the heart have
been reported n the Bantus While syncope 15 common Sif
nificant orthostatic hypotengion 15 rare pechaps because the
blood volume per hg 15 acmally dlesated The causes of the

sxteased tendency to thramboembolism are uokaown except
for sloved croutation

RERABIITATION CARDIAC OVERLOAD

In comalescence with (eg  carbohydrate) hyperalimenta
uon there are parallel escessne mses i the metabolic rate
srteral pressute heart rate and output and 1n the cardiac
woth The nse ta stroke volume lags behuad the increaseng
filing pressure and size of the heart Thus travenous fyads
sreatly elevare the nght atnad pressure Overshooting  wath
sigmificant antertal and venous {eg 15 to 20 cm of H Q)
bypertension 15 not nacommon Oherload of the atsophne heart
oy therefore produce eardiac didatation ang racely even
faduse and sudden death Ia the Bastus on the other hand
stanation cagdsopathy has been amed d by hyg tion
but not by thiammne alone

1t 1s probable that the ateophnc hearts 1n cachertac diseases—
chraaic tafechions malsgnancies pituttaty of adrenal msuffinency
[Ts:e u\:;a\e:eg b]y muscle atrophy and fibrosys hypometabo

posuble Jocal deficiency of needed vstamuns and other
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especially therefore, the munute blood flow, and the artersal
venous, and tissue (?) pressures (82) The cardiac worh® 15
thereby, greatly reduced, and glycogen accumulates 1n the
heart The resulting hypoluinemna 1s characterized by prolonged
arculation tumes, and the cold, slightly cyanotic extremities
testsfy to the dimnished penpheral blood flow The basal
metabolic rate may fall to —30 to -4095 (cf , anoreaia nervosa)
as the caloric intake spectfic dynamic action protemn and
potasstum (?) stores, body and organ weights muscle tone
blood flow body temperature and probably the enzymatic ac
tivity decrease marhedly

STARVATION EDLMA

Starvation edema ( famme edema  war edema ) need
not be assocrated with hypopre and hypoalb
and consequent lowering of the colloid osmotic pressure of
the plasma but 1s constantly accompanied by elevated plasma
and especially extracellular flmd volumes Charactenistically
there are salt hunger polydipsta and salt and later water
retention 1n starvation as i plasmaphoresis edema Conversely
loss of edema 1s associated with diuresis and excretion of up
to 28 gm of salt darly Decreased renal blood flow number of
functional tubules and tissue pressure may be other important
factors 1n the production of edema With Iner damage and
proten depletion 2n ADH **lthe factor may be found 1 the
urme during nutntional edema

CaRrDIAC CHANGLS
Glycogen deplction occurs mn the Iner but not i the heart

However the deleterious effects of the nutntional anemia

choline protern and vitammn deficencres as well as the cardiac

* Cardiac work = output X mean artersal pressure 1¢ W - QR + wa3/2g

(47 p 38)
*+# Antidiurctec hormone of the ncutohy pophysis
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gesve heatt fadssge 15 law 1@ proten Oliguna and dmnished
glomerulae filtration rate are promintat 10 chincal but andydre
a has beea noted 10 expenmental benbetr Dzants and pos.
nrad Bypotension frequently sesult from fadluse af vasomotor
tone whith may be wischeved by an increased Blood selume

Systolic and even presystolic murmurs and duastelic pilops
wsolt $rom by pethmemi fwrbulence and catdsac dedatation ex
agenated by exercise Contiosous avernorh® and desturbed
cabolydrate metabotisen of the hesst aad possibly myoraaial
degentration and edema produce predominant sght heart dilz
tation then by pertrophy Accentuation of the pulmonary second
sound and tackycardsa ace the rute Not only sight sided but
also left sided of global fadlure of the heart may ensue cope
aally on exertion wath vatwous acchythmuas conduction defects
werlness dyspnea qyanasss Snasarcd ond ofitn pulmonary
detna 1161) The cardrac fasture 1s of the hugh output type
(100) On exercise the pulmonaty attenial pressure nises and
the stiohe vojume falls indicating the latent cardiac mcompe
teficy 1n these cases

Sudden dearhy from acute cardise or petiphenal arculatory
fadure 15 ot uncommen Electracatdograpine thanges (161)
smular to those of stanauon and other myocardoses are often
prisent and revergshle by thumne Sumufar ECG changts aceur
0 pellagea
CHEMICAL CHANGES

Thiamumne debiency may camplicate ather types of heant dis
s patticufarly when the thiamne tequuternacnt s yncseased
W exertse pregnane, actation hypesttytodism Severs and

T -QR s gs ) Fuek
ermare since the static werk
::lmmn (tauns QR b above cquation) of the ngh veatrcle 1y anly ome
’Axh :r meserendh 1fat of the nght rertncle the faer 35 m ancaug
(f 1) suffers relat ely moce fe m the seatly ele ated ke work
2nan {facte s % and v 1 the abp ¢ equat any
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chemucals These hearts however, are only rarely subject to
acute dilatation and faslure since the nactrity, hypovolemia
and hypometabolism of these cases prevent any cardiac overload

Therapeutic DOCA and salt  overshooting may neverthe
less produce myocardsal dilatation and failure 1n Addison's
disease, 1n which the heart size parallels the blood volume and
potassium  glycogen and hexose phosphorylation (138) de
ficiencies have weahcned the heart On the other hand at least
m Addison s dsease cortone has been reported to increase the
(sheletal) muscle strength (?)

ParT VII
CARDIOVASCUI AR MANIFESTATIONS OF BERIBERI
HYPERKINEMIA

In marhed thiamine deficency { wet benben ) the stroke
volume then the heart rate and the cardiac output are i
creased The arteriovenous oxygen difference 15 correspondingly
low There 15 a primary arteriolar and venocapillary vasodilata
tion, frequently associated with a high systolic and low diastolic
pressure all the penpheral signs scen in aortic insufficiency
and increased warmth of the shin (161) Consequently the
arculation time 15 relatively rapid even in the presence of con
gestive heart falure Jugular venous hums (bant de diable)
are usually present This hyperkincmia hypersasculanty and
hypermetabolism contrast sharply with the opposite findings
1n semustarvation (82)

CARDIOVASCULAR INSUFFICIENCY

The usual perspheral edema may be due in part to the high
venocapillary pressure assoctated with the marhed peripheral
vasodilatation (161) Edema may occur 1n the absence of cardac
or renal falure or hy poprotememia The edema fluid as in con
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gestne heart farture 15 fow 1o proten Olsguna and drmnshed
gomerular filtration rate ate propuncst chimcal but anlydre-
mta has been noted 1 expenmental benbers Duczsaiess and pos
turat hypotension frequently resuft from fatuse of rasomotor
tone which may be varchicved by an neressed bloed volume

Systolic and even presystobc mustpurs and diastohie gallops
esult from by pechanemic turbulence and carduc dilatayon o
sggerated by excrase Continuous overworh® and &isturbed
carbohydrate metsbolism of the heart and possibly my ocacdiat
degeneaation and edema produce predommant right heart dila
tanan thea hypertrophy Acc of the pul y second
sound and tachycardia are the rule Not oaly right sided but
also left sided or global failuse of the heart may cosue espe
aally on exertion with vanous arfythmas conduction defects
weahnesy dysprea yanosss anasares and often pulmonary
edema (161) The cardiac future 15 of the  high output type
(106) On exerase the pulmonary artenal pressuse n ¢s and
the stroke volume falls indicating the fatent cardiac sacompe
tency 1n these cascs

Suddep death from acute cardiac ox penspheral airculatary
fadute 15 not uncommon Electrocardiographic changes (161}
siular to those of starvation and other myocasdoses are oftcn

present and reversible by thiamune Sumular ECG changes accur
1 pellagra

CHEMICAL CHANGES

Thiamine defitiency may complicate other types of heart dis
euse patticudarly when the thamne requiremenr 1s meregsed
‘4 cxereise pregnancy lactation hyperthyrodism fevers and

W -
P (SK 49 f2p (47 p 38) Fusthermore since the stane worh
- un::: QRhmlhxba ; equation} of the nght ventnele 45 ooly one
eth that of the nght entrcle  tin
h e the lavter a5 1 anco
ir ™) sifers el tuely more from the grearly clevated § nmcn \!:
actan (factors w and v in the she ¢ «quat on "
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chemicals These heasts, however are only rarely subject to
acute dilatation and failure, since the mactvty, hy povolemia,
and hypometabolism of these cases prevent any cardiac overload

Therapeutic DOCA and salt  overshooting may, neserthe
less, produce myocardial dilatation and failure 1n Addison s
disease 1n which the heart size parallels the blood volume and
potasstum, glycogen and hcose phosphorylation (138) de
ficlencies have weakened the heart On the other hand at least
n Addison s disease cortone has been reported to increase the
(sheletal) muscle strength (?)

ParT VII

CARDIOVASCULAR MANIFESTATIONS OF BERIBERI
HY! ERRINEMIA

In marhed thamne deficiency ( wet benben ) the strohe
volume then the heart rate and the cardiac output ate
creased The artersovenous oxygen difference 1s correspondingly
low There 1s a primary artersolar and venocapillary vasodilata
tion, frequently assocrated with a high systolic and low diastolic
pressure all the penipheral signs seen 1 aortic msuffictency
and 1ncreased warmth of the shin (161) Consequently the
arculation time 1s relatively rapid even in the presence of con
gestive heart fatlure Jugular venous hums (bruit de diable)
are usually present This hyperhinemia hypervasculanity and
hypermetabolism contrast sharply with the opposite findings
in semistarvation {82)

CARDIOVASCULAR INSUFFICIENCY
The usual peripheral edema may be due 1 part to the high
venocapillary pressure associated with the marhed peripheral
vasodilatation (161) Edema may occur i the absence of cardiac
or renal failure or hypoprotenemsa The edema flud as 1n con
282
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Funcuonal Cardovascular Disease

P-Ew campiaC mamfestations of psychiatne dustutbances it
parcalar psjchoneutosts (nesrpculatory asthenta sotdier
feart effort syndrome) comprise  archythmias Ly pechinemid
and hypohunemia clectrocardiogeaphic and othrer evedences of
typen entrlatory dysprea and exertional coronary myocatdial
sufficiency (*} and aggeanatiaa of the symptoms and signs of
argamc heart disease 1f present

ARRHYTHMIAS

Premature contractions pactscularly ventnicular cctopic beats
may anse from discussion of anatety praduang topics and other
nenous stressts Thear Srexuency orcasonally seaches bigemany
Rarely ventmcular tachpcardiz and posstbly even patoxysmal
rentuicufas fibuliation 15 a mamfestation of episodic neurd
gemic dischasge 1 an otherwase normat heatt Paroxysmal
supsascntncular tachycatdia and even atmal fibnifation and
tarely flutter occur more commonty as purely functional many
festations under simitac arcumstances

The hypothatasmc fracts ang the sympathetic Rercdus system
1326} have been umphcated since ther mterruption presents
expermental ventricnlar arshythmias Sunttatly sagal over
Wy may play 2 role i certan atnal ectopic thythms {3)
and minor deprees of atnoventnicular block,

HYPERRINEMIA AND RYPERTENSION
Sinus tachycardia and paipstation ate ardinal signs of cmo
tional storms and are often accompamed by transent  stress
$179) or possibly diencephalic syndrome byprtension. Hypo
thalamic (diecephalsc) strmalatian hypercpinephnnemia <ar
dioaceelerator and s asoconstnctor 1 e sympathetie o eractrvity
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other types of hyperaltmentation and hypermetabolism Chronic
debilitating diseases, alcoholism diabetes and cirrhosis of the
Inver may be associated with thiamme depletion The propor
tionate elevation of lactate and pyruvate in the blood of pa
tients 1n cardiac farlure (p 31) 15 simular to that of cases of
berber1 These chemical changes are normalized i both
stances following thiamine administration, since thiamine pyro
phosphate furmishes the cocarboxylase required for ostdation
and decarboxylation of pyruvate Thiammne also increases
acetylcholine actwvity In the frequently associated niacin defi
crency there 15 a lack of diphosphopynidine nucleotide (co
enzyme I) for the oxtdation of lactate to pyrunate

THERAPY

As 1 other types of disturbances of onidaton and  high
output fallure digitalis usually fails to reverse the cardio
vascular alterattons Thramine 15 speafic Duuretics are useful
in decreasing the edema the blood volume, and consequently
the cardrac load Recovery 1s associated with a mse 1 the glo
merular filtration rate dwresis and natriuresis Following ther
apy too the cardiac output per munute and per beat falls to
normal and nises adequately on exertion Vasodilatation blood
volume heart size and pulse pressure dummsh The arcula
tion time nises to normal The arteriovenous oxygen difference
rises and the venous pressure falls as the crculttory balance w
regained
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resistance without a compensatory nise (70) of occastonatly
with a fall (153) n the cardiac output, with resulting h}}m

tnsive syncope, which milder cases may be aaly orthe
static 11 9

qum.la?lfe?(am )or anssety may cause on the one hand sweat
ing and (ADHP) antiduresss (or early dwresis) and on the
othiet hend drastic falls n the renal (143 ) and cutancous blood
Baws Epmephrae ke Enght decreasts the 1enad blood dow
and msy induce proteinana Any stress such as excrase (14 2)

increases tubulat sodwim reabsorption without nucessanfy dis
turbing the renal hemodynamics: Oserseceetion of antidwretic
2nd adrenacortical hogmones may likewsse promote water ot

salf retention Tncreascd blood viscosity and coagulability may
be also due to psychic stress

POLYPNEA AND DYSPNEA

The respiratory pattern associated wath aeurotic dyspaea 1s
charactersstically uregular wath ap sncreased respiratory min
ute solume decreased manumal breathing capacity, and pert
odic deep sighs swallows and yawns (57) Although the vital
capacity s unchanged at rest there 15 3 decreased resprratory
teserve Hypenentilation occutring even at sest may lesd to
dkalosts hypocapmt centtal vasomotor collapse tetany 1
sened dissocration of oxghemoglobin and electrocacd geapl
thanges—e g ST and T depressions The abilny to take decp
breaths and the breath holding time ate marhedly decreased
Pertiaps 25 2 vesult of diaphragmatic nertia and spasm of the
accessory tespyratory musdles and ot nereased as noramally
by oxygen admnstratron or hyperventilatian

DECREASED EXERCISE TOLERANCE

Yo anusety states as i other types of Yy pesinemia, the cr
culatory mobilization at rest 1s oyt af

Bropostion o the perph
el drmards (153) Hence the reserves are low If ui pf::s
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are also manifested, as 1 other types of the aarm 1eaction,
by hyperglycema and glycosura, lymphopena and eosmope
na hypercholesterolemi2 (139) and flushing of the face and
nech 1ntestinal hyperpetistalsis, tremor, hypermetabolism and
Raynaud phenomena with ncreased digital vascular resistance

The heart 15 usually hyperdynamic with loud revesberating
heart sounds, systolic murmurs and marhedly clevated stroke
volume, cardiac output (61, 70 92 153) and total oxygen con
sumption {70 not 92) The arteriovenons oxygen difference
may be decreased The penpheral resistance usually falls so
that the dnastolic pressure, unlike the systolic pressure, rises
only occastonally In this connection there 1s some evidence
that short stresses may evohe epmephrine and longer stresses
and anxety—norepmephnine secretion frontal cortical stumu
lation may cause hy persecretion of renin

HYPOKINEMIA AND HYPOTINSION

The Flack test (expiration aganst 30 to 40 mm of Hg
pressure) shows abnormal responses including mathed de
creases 1 the size of the heart and the pulse pressure (strohe
volume) and abnormal fises 1 the venous pressure and arcu
lation time—perhaps excessive venous and arteriolar vasocon
striction (57) Postural hyperreaction 1s shown by the exces
sive tachycardia cardiac output drop (19) and vasoconstric
tion—fall 1n pulse pressure and nse in diastolic pressure
(hyposphygmna) resulting from the assumption of the vertical
position and the decreased venous return Cerebral ischemia
(? (136) headache somnolence vertigo syncope) and circu
latory collapse (exhaustion fast thready pulse acrocyanosts
cold clammy eatremuties) may also occur 1n an\icty states from
hyperventilation exerttonal stramns of the Valsalva maneuver
or Flack test type and orthostatic carotid siwus vasovagal and
vasodepressor vagovagal and other types of autonomic hyper
reflena At tumes there 1s a marhed reduction of penpheral
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schuanbung or repolarzation segments) of the clectrocsndio
guam show mached lability not only from fear and anxicty
but also as a result of numerous other stresses—hypoxia ener
ase drugs {eg morphme) cold dnoks and changes n
posture pH and electrolyte balance  Sympathicolytic and
adrenolytic drugs may abohish these electrocardiographic changes
but at tymes may increase them (132) Thair ongin n psychs
ane states must remain sub gu lrce
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ent at rest, weahness and fatigueability dyspnea, palpitation
precordial pain, and abnormally high elevations 1 pulse rate,
cardiac output and worh artersal pressure, resptzatory rate and
mnute volume, oxygen debt and blood lactate occur on exer
tion and persist longer than normally The sital capacity and
venous pressure are unaffected Nevertheless exertional 1n
adequacy occurs in neurotic as n untrained and obese subjects
and those with organic heart discase The cardiorespiratory over
activity symptoms and madequacy 1te worse sn convalescence
from infections traumn (eg surgery), or starvation (82)

On the other hand 1n anxious patients pleasant exercise may
have a relaxing effect with a fall 1n the cardiac output (153)

and marked diastolic pressure drops occur on exercise tn con

valescent and postoperative cases (1 orthostatic hypotension)

PSEUDO ANGINA

The precordial aching or stabbing pan and tenderness may
be due mn part to spasm of the overworhed ntercostal and
accessory respiratory muscles Local procamne block of the trigger
pain zones may abolish the pan and tenderness Pseudo angina
may however both aggravate truc angina and pass impcrcep
tibly tato 1t Increased cardiac demands beyond possible aug
mentations of the coronary blood flow have been held respon
sible but not proven

ELECTROCARDIOGRAPHIC CHANGES

Although not always found electrocardiographic chianges oc
castonally occur in severe acute neuroses and psychoses They
consst especially of short (or long) P-R mtervals and de
pressed S-T and T segments and may appear in the absence
of cardiac symptoms or hypenventilation If not found at rest
electrocardiographic changes indistingusshable from those of
coronary insufficiency may be brought on by standardized exer
ase (132) Admittedly the ST and T segments (Nach
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Angiocardiograms 57

250

58 174 200

congenital lesions 221 724 2 8
229
Angiotonin 47 148 150 159 170
172

Anions unine increased 101

Anorexia heart faldute 70

Anotexia nervosa BMR 280

Anoxemia  myocardial  11C (ree
Coronary nsufficiency  Hypox
12 myocardral)

Anoxemia test (coronan) 124 137
139 140 195

o216



Subgect Index

Aqoxed, cor nary disease 116, 118
19 14 138 (see Hypoxia)

Antb once mypcatdindes 198

Jouaghants, 17 10 140 Csee
Dicumarci}

Ant desoxssibosenucieas, serum, 193

Anudures s, 65 63 103 103 106

37
Antdiureue hormone (ADH) 102

50
increased, 64 63 106 147 165
Wt
Astdisrenie  substances  sacreased
§5 147 160 163 207 280
Antdurencs 64 63 106 138
Anti{steepto) iyaluromidase  serum
95 198
Antipresscr sybstances renal 190
Antisera myocatdindes 198
Antistreptokanase serum, 195
Ansteeprolyn G ttee serum, 195
Astvomns myotardoses 398
Anuea 131 10 266
Anxiety 75 285 ff (1 ¢ Emotonal
excrement}
coronary mufciency
ws8( )
brat £ e 35 38 4 8Y
hypercasion 145 146 131 157
Aota, 1 b 143 200 207 40 20
neurysm ruptured 244 245 278
ctherenz t n 929 37
© auo 77143 145 238 F
K
dexwopost o 228 33 237
dlacon €55 182 238
dasticty 143 144 239
bipaplasa, 7 2 3
ohstructios 63 90
159 289 238 75,
Pl atcns 213 239
tptare 39 244 w45 g
Aoctic depstsser fene ) iree Re
flexes Prescteceptar)

123 137

"5 134

317

Aou¢ ncompeteney  hypenten ne
15% 183
Aoeic inflon
28210
Aortse wsufficienqy 30 167 181 57
18 18) 190 213 217 278
heart failure 77 91 183 186
penpheeal signs 182 183 247
other conditions 18 243 737
268 277 82
types, 193 181 f 183 189 186
Aot pressures, 38 43 116117
132 182 Y09 760 (see Ar
Yesiad pressoyes)
decteased, 140 156 183 187 189
193 01 "0d
mcreased, 3 9 19 2Y 145 13
154 238 239
coronary duease 11810 172
124 123 139 14
Aotue regurgitation, 187 186 190
Apsit syptum, deftn ¢ 21
Aottic Stenosss 30 77 180 183
189 186 fi 190
types, 115 186 188 189
Aorhc sahes {cups) 11 43 16
182 18 186 238 268
Aottic valvglar disease 113 181
189 213 224
Aphaniz, atrsal tachycarda 1€
Apnea, Cheyne St kes breathing, 79

tetealogy of Fall &

Apresoline 109 151 157 250
Arginzse tenat  endorine & daev

1351
At overgrown coarctaticn of a ¢
B 240
Arshythmias
atml 14 € 136 203 207 223
244 (see Vanous  strial
arciythas)
agal o ceactvaty s {77

195 259 60 283
atrio entticular 4 5 14 )



Physiological Casdiology

Acchy thaouas (Conr J
cardiac 3 f 3 1427 137 154
155 195 197 208 283 285
(ree Alal ventncular ete
arthythmias)
Cotonary disease 132 135 140
142
drugs 2227 111 140 141
heart fajure 31 32 35 38 47
50 91 100 111
paroxysmal 14 31 3 38
30 91 100 123 259 260
273
thyrod disease 259 260 264
supraventricalar 24 £ 22 136
77 195 244 (ree Attal
atnipventricular noda)  etc )
ventacular 19 114 (see Van
ous veniticular aschythouas)y
coronary disexse 123 129 136
137 139 110 141
Assemtals § 196
Arterenol 123 142 149 151 286
Artenial 1scherata 98 (see Periphecal
blood flow  decreased)
Artenial  pistol shot sounds 183
237 268
Arteral pressures *8 208 210 {see
Aottc pressures Cerebral etc )
coronary blood flon 116 f
heact farluce 38 39 47 48
salvatar lesions 177 17§ 180
181
deereased 72 101 121 173 139
146 154138 164172 196
238 239 24t 277 280
aoriit stenosis 186 188 189
arthythmaas 18 21
cor pulmonale acute 242 243

drugs 86 108 123 140 149
163

heart fallure 47 52 91 196
212

myocardial infarction 129 130
136 17
digital  chubbing 233
femoral aortsc insulficiency 183
wcteased ¢ 45 119 122 150
143 138 (63 172 180 (84
702 Op7 09 24p 243 278
°81 288
drugs 91 96 148 149 198
exertion 240 260 268
fuds wteavenous 4 95 142
heart failure 48 66 &0 91
92 153
ntta artennal 182 13
Arteral pressures diastolic § 44
47 107 149 152 165 187
238
decreased 143 164 f 174 180
182 184 185 700 213 238
239 257 267 277 282 288
inareated 143 £ 134 215 219
238 239 72 °93 286
Acteval pressures mean 39 44
144152 O19 280
decreased 267 268 71
increased 147 152 133 (0
Astenial pressures systolic 19 157
decreased 16 163 18 174 177
180 184 187 139 200 204

207 219 238 739 200 2((
27
heart falure 39 44 47 136
52

inereased 8 44110 14d 144
153 182 213 17 238 239
25¢ 200 267 271 7% 279
287 28(
Astenal pulse
paradoxical 200 204 205 207
small 187 223
water hammer 382 213 217 236
268
Acterial pulse pressure 41 184 256
decreased 16 21 168 170 215

318



Subject Index

Aweral pulse pressuee {Cont )
Jecteased, {Cont )
3T 3h 267 267 12 M

86
heart fuluce 41 47 156 5
heumatic heatt discase 174
17 187 196
increased 44 112 143 143 182
184 13 217 236 267
Anenal pulse waves

acelerated 144 182 183 011
&
anacrone sost€ tnost 187

bundle branch blodd, 1L
daone notch 4t 68
slowed 2ot ccnsts ction, 187
38 M8
Antenal  tree
144 239
Artenes,
cerebral ruptured 239
collaterat
brenchial morbus
0 236
subclavian &t¢  coarctation of
0m 2% BY
dilstation AV hstula, 216 218
typoplassa, toarctauon of aorta
4

¢ pacity  decreased

cacruleus

ntercostal nb erosion
btruu o 119 145
plstons 170 213 21(
Arte ogram 11
Arter olar selerosis 143 144
Anteriol 1 spam 143 144
Anerola tre 28 168 {ree Ar
tenolar  soconstrict on
dlatron  Per pheral
tsistanee)
Atetiolar  asoconstaction,
ystemic 16 122 130 131 149
165 169 170 184 213 286
Uee Pulmonary renal exc )
heat falute 9 30 33 44

H

so-
ascular

319

15 47 48 3C 9 91 9
100 108 01 OY

Typeneos & WY ASHINR CEY
143146, 150 13 134
159 38 4

10ss « | (asympathicorenia) 158
w?

Attersclar vasodilatation, 130 157
164 367169 A1 1T R
17T 8T IR 66 9
27 % 6 277 (see Vetpheral
vasculat ressstance  total de
creaned)

Acteaclag venulat shunts, shody 10

Anersclerosss geaceal zed 143
s 42 *6" (ser Corunary
atheroxlerons)

Arteno ensus fistulae 167 212 .
215 220
penpheral 213 720
dosure effets 21) 20 218
heart fadure 3% 37 61 77

218

pufm nary 218 2t9
surgieal 135233 236
Arenio thous oxygen difficrence 33
3475 94 239 240 250 251
7 263 Usee Corebral hepatic
renal el adtenovenous oxy
gen difference)
deareased 111179 217 234
25 61 265 67 7o, 282

86

mereaed 1617 20 129 177
N3y 87 261 263 2y
284

beart falase 35 74 10t r02
203

Adterio tavus

5 2

Asbestoss putmonary 252

Asates 65 0 TU 1883 87
192 202 206 207 263

Ascobic acd mercurnals 106

shurts 37 212319
26



Physiological Cardsology

Asphyxia 3 6 7 21 22 98
Asthenic habitus  hypotension  es
seatial 164
Asthma
bronchal, 79 86 91 247 .54
cardiac 86 90 ff 141 254

Asystole  cardiac 8 (see Cardiac
standstill)

Atabrine (quinacrine)  arehythmias
26 27

Atherosclerosis (see Arteriosclerosis
Coronary atherosclerosis)

Athlete  cardiorespiratory  resenves
279

Atral  archythmuas 14 {see
Arthythmuas  atoal  Vanous
atrial arrhythmuas)

Atnal block 35 23 24 27

Atnal ectopies 14 £ 136 167
207 223 239

Atnal fibnllstion 5 9 12 1417

18 19 22 47 51 141 153
205 207 223 259 262
coronary 1schemia 19 123 136
drugs cardiac 23 27
heart failure 18 35 11t
paroxysmal 16 18 2327 177
259 262 285
vabwlar lestons 17¢ 177 191
278
Atral flutter 9 17 1416 17 18
22 136 207 223 259
drugs cardiae 23 25
paroxysmal 16 2325 259 85
Atnial pressures left 49 246
septal defects 770 222 725
decreased 179 209 245
mcreased 200 223 223
heatt falure 44 91 97 156
muteal disease 174 175 177
179 181
Atnal pressures nght 41 42 49
79 107 133 221 247
congenital lesions 210 214
220 222 225

decreased 42 202 209 219
drugs 42 109 110 255
hypovolemia 107 171 265 270

ncreased 20 216 217 270 278

281
congenital lesions 221 925
226 229

heart falure 42 44 46 48
9092 156 171 179 194
199 203 205 252
salvular festons 179 190 191
193 194
Atrial refractory period 23 74 (see
Refractory pertod atnial)
Atnal septal defect 220 £ (sce In
teratrial septal defect)
Atnal stmulation  conduction  de
fects 6 9 12
Atrsal tachycardia 9 17 14 15 16
17 22 23 13¢C 23
paroxysmal 16 25 207 259 276
285
Atnoventricular block 5 ff 32
136 188
archythmias 9 15 18 22 23
chemicals 23 26 260 765 173
complete 6 7 ff 18 23 29 224
partial 6 7 ff 9 15 195 205
vagal overactminy ( 18 2> 23
83
Atrioventricular conduction 46 9
12 18 19
anomalous 12
retrograde 5 6
Atnoventrcular dissocation 18
Atrioventnicufar nodal
cctopies 14 124 136
escape 3
thythm 4 15 90 191
fachycardia 14 17 22 23 25§
27C 285
Atrioventricular node 3 4 ff 6 22
Atnioventricular  pressuce  gradient
43 46

3
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Subject Inder

Atrnenticular val o8 (ongs) {see
Vahes (nogs) heatt)

A, Teft, 181 190 20 233
boll ke thamb tamors, 148
atetenzan n 722
distention 9% 180 (see Dilata

ton atnal lefty
wfaomation, 3 177 19 195
dutruction, 90 701
puls ons mutral dhsease 174 180

Awsu, nght, 20 22
dstensbilty 4 220 21
€ tention 83 (see  Dilatation

atnal, nght)
iectne flling pres we 36 41
47 00 03 U7 247 20
Mmoo
Atophy ischem ¢, 127 (ree Heart,
s phy)

A opine J9 JE 177 304 D19 244
atbythmsas 19 527
aty \?

Ballsward gram, 34 41

Bandagang, leg vancuse veins, 168
169

Hanthioe {mcthantheline} 1

Banti yndt me 274

Babiturates, 10¢ 141 (e Scda
fises)

Banum salts
mas 0

Bagred chest 47 4% Y33

Basal metabe e rate 34 256 (ser
Oxygen cunsumpticn total)

Bases unae ancseas 101 506
12161

Bathmotropic offets 14 (see Gin
duets 0, cardrac)

Bock traad  constr ctive penacarditis
[}

Bed rest, 101 102 {s¢e Rest bed)

Bead ag forward, ectopic tachycasdia

sentricular anhth

! !

6 8
17 136

wonary asufftiency 11 139
o

Aacuar (s e Awaly

Auscultatory gap 153 187

Austo Mot muemur 183

Autonom ¢ (5 Vagal sympathetic)

Autotnaostusion b8

Asuminoses 282 f (see Benben
V¥ ame defic enc es)

Axis deiat 0 {5 ¢ Electrorardio

gams  venncular  preponder
ance)

Avert syodtome  $3 254
Azt ma 6 (see Nutrogen  blood
nonprote n ncceased)

B
B chman bundt 3
Bnbodg reflex

U9 56 66

3o o
67
BAL, 106

321

1y
Beraol anbyiomas O
Benberi 7 13 165 282284 (see
Thiam ne defiaency)
heart falore 35 37 61 77 100
13 282 w4
Bucachonate 166
plasma, heast fadate 67 84 104
0%

1

Ble {sals} 6 13 T2 (see Chole
ma)

Bilirubin, feant £ tuce 10

Bifocular heant 233

Biochem cal changes 31 (see Chem
«al changes)

Brth changes arculatony 09

Blalock T uss g opetation, 227 g
236

Bleeding  sepeated  cardac hyper

wophy 272 (1ee Hemorhage
aaute Vencsection)

Blood changes heat fa ture g3 &9

Bleod depots $1 68 169



Physiological Cardiology

Blood dyscrasias 263 f 269 273
I3

Blood flow
aortic 47 222 743 267 277 (see
Cardine output)
valvofas Icsions 177 178 180
181 185 147 188
carotid yugular  orthostatic  hypo
tension 169
extremities  newrogenic hyperten
tion 151
forcarm 145 116 240 267 276
hand ncreased pregnancy 276
intracardiac

decreased 46 17 169 170
174 199

increased 46 221 223 257
268 276

sntrathoracic obstruction 204 205

kgs slowed vertical 16 168
169

reptonal 33 56 60 65 118 169
<10 216 (see Cercbral cor
onaty penpherafl tenal erc
blood flows)

hypertension 145 146 150 151

systemtc artereal 184 210 212

decreased 166 169
congenttal fessons 222 228
230 23> 237
speeded {see Hyperhinemia)
total 33 352 232 (see Carduac
output)
stowed (see Hypokimemia)
Venous
ncreased AV fistula 216
slowed hypotension 166 1(9
170 {sre Venous rcturm
decreased)

wisceral decreased [19 150 151

Blood pressure (see Acterial pres
sure)

Blood sugar (see Glucose blood)

Blood transfusions 35 44 95 142
171 198 266 273 275

Blood volume 17 28 67 101 132
166 169 190 214 217 253
(see Plasma solume Pulmonary
blood volume)

heart failuze 30 61 83 100
101

hyperteaston  (essenteal} 145
150 157

decreased 68 85 164 197 03
232 244 782 284
anemia 265 267 269 271
artentovenous  fistula  closure
215 219 220
heart failure (treated) 51 52
77 99 103 105 107
hypoteasion 157 164 166 169
172
myaedema 262 264
nephntides 160 163
vertrcal position 103 165 168
172
extremities hypotension orthostat
ic 168
increased 35 63 73 9% 125
16 170172 177 197 198
250 264 266 272274 279
282 283%
Addison s disease (DOCA salt)
64 96 148 282
arterovenous fistula 215 219
cor pulmonale (8 250 251
253 255
heart failure 30 37 41 48
5052 6466 67 ff 88 95
96 99102 137 156 177
19¢ 02706 218 253
255
typecthyroidism 258 (1
pregnancy and after ?75 27¢
278

intracardiac 3¢ 41 43 47
increased heart falure 8 9
37 47 44 46
redistnbution 3188 107 10D
132 (see Hemometakinesis)
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Subject Index

Blood volume sedists butwn (Conr )
tpotens  {orthostatic) 164
166 167 167 172 173
reg onat, heast farfure 63 88
Bone mamow  esythrod  hypepla
52,68 173 37 250
Bone ergromth, 216 235
Bradycardia sous 3 4 47 35 90
163 181 219 239
aottic stenoy s 30 187 189
Bran (see Ceret ral)
Braoham sign AV fstula, 219
Sresth holding, 22 146
Breath holding ume 9 109 87
Breath ng,

dep (forced)  anhythamas 13
18 22

shallow (tapud) 77 82 84 169

74y 287

Breatung cap ity  maxsmum )
19

acaeased 77 7B 80 249 293
287

Broish ant Lesis te ABAL) 106
Broadbent sign. adherent pencar
dum ©
B msulphthale n  tetention,  beatt
falure 7
Bronch obstruction, 109 04 47

9

Brs chal anter e 156
Banchul ens ruptue 175
Bonch les letts 747 248
Bronchts 46 24 3y
Bt nchod fato drugs 43 250 754
B ach preamcnta 1 (see Pnen
m na)
Hro ch pulm 01y suppuratne dis
ase
Bk opom
o pulmonal 43 44 247 254
hestfal e 8186 91 92 109
Brow de dable yugulay e 3
68 8

B one 10 ( ee Diepressor

3

3

nene
nenves)
Bundle branch Block, 9 6 32
188 275 (see Intraventrcutac
bloch)
left, 10 11
nght, 10 11 176, 23 24
Wilson (5 npe 10 244
Buadie  f His, trauma, 6 10 1
Barns 14 73 164 169 196

attie Carottd  sinus

[

Cachexia, 51 72 73 164 160 42
281
Caesaran secuon 277
Caflcne 14 96 106
Cafaum, 37 S8 102 113 258
archythmaas, veate culat 19 %6
changes (serum) 13 14 361
Caforic ntale fow 80 (s ¢ Dict
tow calotic)
Gapillanes 196
crdiag, 30 176 135
open, 32 93 262
Capilary congsstion, passive
heatt fadare 2132 34 70 84
93 95 99 100 173 193
201 205
mo bus caerulews 233 233 36

{ ce Cap lary sasodilatation)
Capillary damaye 28
Capitlary  hlteaton (transudation)
S5 109 169 207
Acreased 98 363 %38
heart fadure 5255 72 935 o
99 100 107 109
sutface for

wereased 98 258

mr

Capilttary frag) sy mnceeased, 69
144

Cap tary sschemia, 70

Capttary permeabibity 54 98 140

decreased {teeatment) 109 263
acteased 160 266 271



Physiological Cardrology

Capillary permeability  (Conr )
wcseased {Cont )
heart falure (lungs serosae)
71 80 92 98 109
myxedema 98 263
Capillary pressutes 49 52 54 35
144

decreased 52 169
mereased 160 258 771 282
heart fadure 5254 80 95 96
£ 99 100 190 20" 206
Capillary pulse (Quincke) 182
73 217 241 257 63
Capsllary vasaconstriction 170 2¢9
Capsllary vasodilatation 54 98 164
169 171 197 257 238 271
277 282
Carbohydrate metabolism  abnormal
22 31 134 783 284
Carbon dioxide 37 38 60 83 229
abeolar wr 211 212
decreased 21 84 231 253 287
increased 82 85 93 248 253
254 270
artenial
heart falure 84 85 92
decreastd 17 21 84 231
wncreased 92 236 246 254
combimung power heart falure 84
excess 19 69 84 835 90 93 248
249 (see Carbon dioxide al
veolar yncreased}
narcosis 754 255
tissues 229 234 241 248 766
senpus 17 69 84 8% 211 212
248 254
Carbon dionide oaygen therapy 90
273
Catbon monoxide poisoming 122
274 275
Catbon tetrachlonde 163
Carbonre acd 119 139
Carbomic anhydrase anewia 266
Carbupic anhydrase nhubitors 105

Cardiac areest (see Cardrac stand

sull}

Cardiac arthythmuas 14 f (e

Acrhythmuas  cardiac)

Cardiac asthma 90 (see Asthma

cardiac)

Cardiac cathetenzation 34 210 fi
cardiac effeccts 10 12, 14
congemital lesions 210 i °i4

227 275 229

Cardiac qyele 42 43

Cardiac dilatation 28 f{ (see Dula

tation cardiac)

Cardiac efficiency
decreased 124 129 152 259 261

heart faulure 37 38 3941 44
45 74
increased 38 1 109 LII 264
Cardiac failure 28 f (see Failure

cardiac)

Cardiac fucls depletion 31 115
123

Cardiac plycosides 110 ff (see Digt
tahs «c )

Cardiac hypertzophy 28 #  liee
Hyperteophy cardeac)

Caedrac incompetency 99 100 lice
Myocardial nsuficiency  Fail
ure cardiac congestine)

Cardiac inden 34 (see Cardiac out

put)
Cardiac mnflow 196 {ree Veaous re
turn}
Jecreased 212
increased 327 28 37 41 44
45 159 201 28
left heart 212
wncreased 48
congenutal lesions 213
222 225
nght heart 211 212 273 24
Cardise load (see Steawn  cardiac
Overdusteation  casdiac)
Cardiac outflow obstruction 41 42

gE]
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Subject Inder

wdut cutfiow obstruction fCons )
44 45 144 197 133 196 207
16
diac output, 19 32 7% 109
us 116 127 144 152 163
166 168 173 219 112, Y40
246,274 9@ (see Blood fos
sisterue arterual, toral)
cor pulmpnale, chromc 240
251 254
dougs, 106 109 113 137 168
heact fasture 32 ff 42 46 51
ST 39{1 68 75 80 85
106 113 03
mpettension {essent ) 144
46 149 150 152 133
153137
al ulat lesons 178 181 184
185 191
decreased 32 41 42 6C 96
1 10 121 138 1 21y

n9 241 39 23 P23
34258

amthythma 1618 20 1 M
Vs 159

or pulmonale 242745 732
233 25%

dgrls 110 113 179

heart falure 2931 3 & 35
3839 44 47 48 30 %2
S450 6042 (8 M1 76
R8I 91 33 95 9101
16 108 1t 17 150
L6 199 O15 71§ 25

%3 5 L

hipertens on  {essentaly 144
153 150 13

p tenss n 1€F {6 169 170
t &5 (6

myoca di 1 anf rction 129131
133 140

myxedema, 62 265

verradus 80 199 ff 20y
ot o7

pulmonic steasus 193 ¢
27 230 5

sheumatic heart disease 1 4
176180 184 191 123 195
196

stananon, ¥ 162 279 81

enesection, 107 168 X 6C

ertial posiccn, 163 166 168
86

increased. 43 63 73 9 9% )
130 14130 172 1 9 197
02 203 07 213 18 OB
240 64 81 R W6 ™
anemia chomie, 36 67 (4
rr2
arteno enous bstula 33 13
u7 119
corontaty dsea ¢ 12 123 137
drugs 20 104106 Q1o 11
124 139 149 138
cmphysema 33 36 250 251
254

exerase 119 145 2335 60

3
fBuds mtavenous 44 95 141
266

heart falure, 28 34 35 f 33
'8 102 261 12
treated, 2¢ 41 42 43 32
68 $C 104106 108
110112 158 23
Myperthycordism, 33 37
256-258 2w 282
tregaancy  and  sfyer
273208
left heart, 34 83 222
decteased, 179 184 22> 223
meeeased 85 112 145 175
213 23
methods 34
fight heart 34 184 214
increased, 88 173 184 vy

153
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Physiologrcal Cardiology

Capillaty permeabihity  (Cont )
increased  (Cont )
heart fallure (Jungs serosae)
71 80 92 98 109
myxedema 98 263
Capillaty pressures 49 52 54 55
144

decreased 52 169
increased 160 258 271 .82
heart fallure 5254 80 95 96
ff )9 100 190 202 20(

Capilfary pulse (Quinche) 182
213 217 241 257 268
Capillary vasoconstriction 170 269

Capillary vasodilatation $4 98 164
109 171 197 257 258 271
277 282

Carbohydrate metabolism abnormal
22 31 134 283 284

Carbon dioxide 57 58 60 83 229

alveolar are 211 212
decreased 21 84 231 253 287
increased 82 85 93 248 253
254 270
arterial
heact falure 84 85 92
decreased 17 21 84 231
increased 97 236 248 254
combining power heart fatlure 84
excess 19 69 84 85 90 93 248
249 (ree Carbon dioxide al
veolar ancreased)
nareosts 254 255

ussues 229 234 241 248 2(6
venous 17 69 84 85 211 212
248 254
Carbon dioxide oaygen therapy 90
273
Cacbon monoxide poisomng 122
274 275

Carbon tetrachlonide 163
Carbonic aud 119 139
Carbontc anhydrase anemia 766
Catbonic anhydrase entubitors 105

Cardiac arrest (see Cardiac stand

stll)

Cardiac  agrhythmias 14 £ (e

Arrhythmias  car fiac)

Cardiac asthma 90 (see Asthma

cardiac)

Cardiac cathetenzation 34 210 &
cardiac effects 10 12 14
congenital lesions 210 ff 214

222 225 *9

Cardiac gele 42 43

Cardiac dilatation 28 fi (1ee Dila

tation  cardiac)

Cardiac eficency
decreased 124 129 152 259 261

heart faslure 32 38 3941 44

45 74
increased 38 41 109 111 264
Carduac faillure 28 fl (see Failure

cardiac)

Cardiac fuels depletion 31 113
123

Cardiac glycosides 110 ff (see Dips
talis etc)

Cardiac hypertrophy 28 £ (see
Hypertrophy cardiac)

Cardiac sncompetency 99 100 (see
Mjocardial iasuthaency  Fail
ure cardiac congestive)

Cardiac ndex 34 (ree Cardiac out
put)

Cardiac wflow 196 ( ee Venous fe
turn}

decreased 212
ncreased 3 27 78 37 41 44
45 159 204 218
left heart 212
increased 48
congemtal Jessons
225 723
nght heart 211 212 223 24

Cardiac load (see Strain  carduac
Overdistention  cardiac)

Cardiac outflow obstruction 41 42

13 2
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Subject Inder

Cahons vnne  ancreased, drogs,
{Cont )

100 12 161 (rec Sodwm
unne, 1ncreased)

Cerebral antenes, rupture, 239 (see
Cerebral hemorrhage)

Ceeebral acteria cavus oxjgen dof
fesence 33 89 166

Cercbral blood flow 33 65 74 119

hpertension, 145 151 157
158 167
decreaed 1T 139 151 158
165167 MY 3 43 233
684
heart fadore 54 55 &1 74
8 89 110
val lar lesons, 178 185 188
189
wcreased 54 88 1T 40 248

Curebral cangestion 54 53 84 88
18 73>

Cerebraf cortex sumulaton 83 151
286

Cesebral depresson 8
05 053

Cerebral edeme, 34 53 147 (3

Cerebral embol sm, 732 245

Cerebr 1 function heat fasture 34

83 165

55
Ce ebral hemorch pe 158 232
Cerbral  chma { ¢ Cenbrl
B od fuw  decr aocd)
Cerebral shrombos 3
Ce bral  scula re sstance
decrea &zt 166
¢ eascd 5435 10 145 240
Cercbrosp nal £ d W thdrawal 34
{re Spnal ¥ psy
Cerebr pinaf flu d pressuce
dec a el

(rowme 1) 54 g6
w5 0
preased 54 35 89 144 19y
05 55 74

Chemscal changes
Grduc 134 1T 61 U
heart faduse 31 32 &% J6
1o 11
ypestensin, 151 132 154
hepatic shock 15 1T
cenal 151 170
systemic 31 32 134 11 1@
tssue 2 1 %67 265
Chemucal energy  heart fadure 31
(see Energy Gardiac)
Chemaal fagtors 141 231
44 4 e Chosmcal changes)
toronary blied flow 118 119
heart failuce 33 €4 63 83 Jo
hypertenson 143 145 149 131
139 163 187 238 A9
Cherscal stmulatisn, 12 14
171 { ¢ Heart, sumulants)
Chest leads, 10 {see Elettrcards»
Frams, precordal Jeads)
Cheyne Stokes breathing, 8 274
heart fulure 79 83 89 90 ¢7
Chddren 310 17 19y 214 228
36 72
Chlonde
carduac cowaly  cchust n, 334
plasma 67 104 106
decreased, 363 164
beant falute {ieeated) 67
103106 199 112 1y
acreased €5 103 104
st es heart falure increased 67
usine  ncreated (treatment) 63
6567 93 104107 109 112
Chilorade clearance {see Chlonde
unne ancreased  Chl rde re
tention)
Chlonde depletion
113 164
Chlonde  retention
147

43

20

105107 112

renal 61 6y
&7
Chior o

ated hydrocarbon myocardy
s 196
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Physiological Cardiolog)

Cardiac overload (see Overdisten
tion cardiac Strain cardiac)
Cardiac pain 119 ff (see Angina
pectorss Pawn precordial  Pseu

do angina)

Cardiac reserves decreased 8 124
134 213 240 256 259 268
270 281

heart fatlure 30 37 4o 41 44
76 80

Cardiac standstill 4 8 26 27 125
136 188 19¢

Cardiac  tamponade
dium 200

Cardiac tone 41 256

Cardiac toxns 35 (see Toxins car
diac)

Cardiac trauma {see Trauma car
diac)

Cardiac tumors {see Tumors car
diac)

Cardiac work 38 ff 41 45 139
152 219 274 280

calonic cost  hyperthyrordism
decreased 16 105 123 130
138 140 141 16¢ 183
264 272
heart falure 35 38 39 40
101 103 105
starvation 72 102 279
ancreased 91 119 122 124
153 185 197 215 218
252 275 276 278 281
288
angina pectoris 122 123 184
185 250
blood dyscrasias 268 269
274
congenttal lesions
225 238 240
coronary disease 115 118 121
122 123 124 125 130

hemopernicar

137
209

280

152
250
283

271

214 223

137 141 14
drugs 86 104 111 173 124
139 140 14 244

heart fatlure .9 37 38 47
102 to4
thyrotd disease 123 259 (0
263 265
salvular lesions 178 181 184
186 189 194
Mnetic ancreased 152 178 181

260 271 283
left ventricular 39 181 209
right heart increased 250 251

nght ventricular 91 178 194
209 238
stitic increased 152 178 181
260 271 283
Cardiacos negros 253
Card; 1 nenes

20 285
Cardiodynamics 98 143 709 240
valvalar 186 190 193 194 27%
Card ly 28 (ree Enl
cardiac)

Cardiopexy 135
Cardiotonic  drugs  (see
Heart stimulants)
Carotid pulse tracings 11
Carotid shudder aortic stenosis 187

Carotid sinus

Digatahis

hypecsensiivaty 121 165 187
189

nenes removal 150 172

reflexes 3 3 (see Refleaes
chemoreteptor pressorecep
tor etc )

stimulation (pressure) 1 112
1.1

arthythmias 4 15 18 72

heart failure 90 91 112
Catotid sinus syndrome 165 17
Catabolism  protein  (see  Protein

catabolism)

Catheterszation cardiac 210 ff (see

Cardiac cathetenzation)
Catton exchange resins heart fail

ure 103
Cations unne increased drugs 104
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Subject Index

Gton  unne ncees of  daugs,
{Cont )
106, 10 161 (ree Scdum,

e, increa ed)
Gebtal aner s, supture 39 (see
Geeebral hemotshage }
Cesebl antemonenous oxygen &k
fesence 33 89 166
Cercbral bluod flow 33 (3 74 119
hypetiens o, 145 151 137
158 167
decreased, 21 22 139 431 158

165167 219 23 43 23%
6 274 280

heaa fadere 34 35 6t 4
8 89 110

valvular lesions 178 189 188
189

iocressed 54 88 172 40 243
61
Cerebr 1 congestion 54 35 84 88
165 23
Cerehrat cortex sumul tion 83 151
86

Cerebral depresson 82 83 169
Ceecbral edema 54 55 147 (3
Cerebr ) embolism 37 45

Certbt | function heart falure 54
35

Ce cbral hemorrhage 138 23
Cetebra)  schema  ( Ces bra)
blcod ficw  decr ased)
Cerebral thrambos s 3
Ceebrt scul vore stance
deesed  rucal 166
ncreased 54 9% 107 145 240
Cerebio pral fud w thiawal 54
{: Spn)tps)
Cerebrospinal i d press re
decrea ed (¢ €atm at)
105 107
nravd 34 55 89
05 3% 214

54 8¢

144 192

Choncal changes
cardiac, 134 1T1 61 T
beart fulure 31 32 8V 90
JILIRNE]
Byperteason, 153 132 134
hepatnic shk 170 171
renal 151 170
pstemic 31 32 134 11 10
83 84
tissug 1 (7 769
Chemucal entrgy  bheart faslure
(see Fnetgy carduc)
Chamaal factars 143 231 243
244 (ser Chemical changes)
cotonary blood flow 118 119
heast f3 lute 35 64 69 ¥3 0
hypertension 143 143 149 (31
159 163 187 238 2%9
Chem aal stimulatoa, 12 14 90
171 ( ee Heart, st mulants)
Chest leads 10 {ser Llectrocards
grams precordial kcads)
Cheyne Stohes breathung, 8 274
heart faulure 79 83 89 90 9
Children, 3 10 17 155 214 228
36 72
Chlonde
cardiac, cortmary occlusion, 134
plasma (7 10§ 186
decrea ed, 163 164
heart fadure (tecated) 67
103106 109 112 113
nereased 65 103 104
tssues heart falure ancreased 67
unne ancreased {treatment) 61
6567 95 104107 109 112
Chlonde  clearance {see Chionde
unne increased  Chlomde re
tent on)
Chlcede deplet an
w3 164
Chlorde reteation
67 134 147
Chlotmated hydrocarben myocardo-
us 196

Al

105107 112

el 61 6
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Phystological Casdology

Chieroform ventewculac aerhythmias
20
Chloratests (see Chlonde upne in
creased)
Cholemua 13 (see Bike salts)
Cholestero] serum
deereased 176 195
increased 125 126 161 263
279 286
Cholesteral atheromatosis 125
{see Coromary athesosclerosis}
Chohlinesterase cardiac 4
Chaliae defiaency 73 126 149 280
Chohnetgic drugs 77 {1e¢ Vago
mmeuc drugsy
Cholae acetylase ¢ardrac 3
Chordae tendsnae rupture 181
Chromaffin  system  tumors 123
148 149, 153 167
Churchll Cope reflex 82
Cirenlation sfowed ree Circulation
ume increased  Hypohinenua}
Cucalagon time 8 19 56 60
61 80 85 108 122 132 145
160 166 226 237 740 251
276
decreased 60 §5 142
272 282
arterinengus shuats 217 229
heart falure 261 972 282
treated €8 86 106 112 202
207
Wpertyradnm (3 257 00
dosage 57 60
double  readings
32 229
wcrease ! 61 110 16¢ 171 22¢
227 241 251 254 261 262
266 275 274 280 284 28¢
arshythmias 8 16 18 21
heant fadure €0 61 66 91

64 267

septal  defects

92 131 132 150 201
204 224

sahulat lesions 176 177 186
191 192 224

types 57 60 {see Vanous agentsy
armto feg, inereased  coarcta
ton of aosta 240
arm to lung  {pulmonary} 57
& (see Ether)
sncreased left ventncular fal
ure 60 91
arm to tongue  (total) 57 #
9t
ether 57 58 60 204 229

foot to groin increased  preg
pancy 277

from legs sacceased 36 166
27

pulmonary 5760 209 f{ice
Ether)

total $7 60 91

Circulatory collapse  (1ee Collap ¢
arculatory)

Circulatory debt 73 260
Ciculatory failure  penpheral (see
Failure auculatory  Sheck)

Carculatory modcls 42

vabvofar fesions 174 180 183
186 189

Cireulatory reserves 261 277 279
287 {cee Cardeac reserses)

Circulatory  stasis {see  Penphesal
$12525)

Cireuy theory 15 22 23 24

Cierhosts of Iner 65 12 167 84
cardiac 65 71 192 06
Crrate Blood heat falure 72
Clebbing 175 219 253
mosbus cacruleus 228 235 137

Coagulabslity blood 113 242
incrensed 69 102 140 198 242
287

Coardation of sorta 228 f1 (see
Aorz coarctation}

Cocatboxylase  dehaency 73
84

Cocnzyme 1 deficiency 134 170 284

Cantus 38 176

170

328



Subject Index

old, 38 93
{water))
arhythuas 4 19 20
conduction defects 7 10 13
coonary msuficengy 121 123
137
typertension
149 153
Cold pressor test, 146 149
Coldness extrematies shan 16 130
131 133 165 170 216 227
30 241 243 280 286
Colagen duseasss, 195 196
Collagse  aurcal tory  {xasomotor)
o2 V33 67 287
ahythmus 1618 1
onthostatic, 167 197 86
Collateral urculatior
congemtal les ons
30 238 739
oronany 29 134 135
Coma 20 54 5% 131 10 45
54
C mpensatory  changes 165
26 7 69
heart falur 78 30
mobus caerul u 3 733 234
Complem atal ar  decreased, 77
2 B0 87 248 753
Conctet o cordss 203 fF
Copducson eadiz 3 B 0
defeck 334 14 136 154 155
1ol 135 19 223 260 64
783 {ee  Atno eatricudar
bondic broach e block)
hag falue 32 90 114
feco ey cones 70 136
speacml 9
Coatusi ¢ m mal 170 248
Copentifactos 15 209 & (
Ect m rphs  Endamo phs)
Googentl hiat distac 35
209241 8

wanotc (9 98 227238 255
g

165 289 {see fce

(essential) 146

15718 230

10

174

Congestuve heagt fadure 28 § {orr

Fature cardsc ¢ npestive)
Congesty € splenomegaly 274
Consupation, &
Casstnctne pescardins, 203
Coatract) 1y

atnal 4 41
Tedt, mcreased 46
autral fest oy 174 1€ 18

g, § 24 08
decreased, 34 116 263

mocardi § wfarcion, 1 9
135 139
mcreased 130196 6 63
m
drugs 110 111 138 235
256

hnrl ial)vu "9 3 A n

wuscle &Ldeld nH N
Contractures hand 133
Ceovulsons 8 189 232
Cor bo num
186
Cor pulmonale 242233

aoue 35 35 193 22§

chronc 35 43 89 98 108 122

193 246 B2 A
Coramine 140

st wmsufcoency

Coronary snast moses, wncreased 29
134136

Coronary artertal pressure 115 126

125 13 135 Mo 142, 143
Cotonary amtenes 1°8 134 133
178 184

anomalous 127 27
Jd nenation, 120 130
distent on parn, 170
spasm {see Corunary sasucon
striction)
Corovary A V oxygen difference 33
8 315 116 19 M0 299

268 Liee Oxygen coronyry s
wn )
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Physological Cardiology

Chi, ventnicular arshyth
20

Chloruresis (see Chlotide urine 10
creased)

Cholema 13 (see Bile salts)
Cholestero! serum
decreased 126 195
incteased 125 126 161 263
279 286
Cholesterol atheromatosts 125 ff
(see Coronary atheroscletosis)
Cholinesterase cardiac 1
Choline deficiency 73 126 149 280
Cholinergic drugs 77 (see Vago
mimetic drugs)
Choline acetylase cardiac 4
Chordue tendinae rupture 181
Chromaffin  system  tumors 123
148 149 153 167
Churchill Cope reflex 87
Circulation slowed (see Circulation
time ncreased  Hypokinermia)
Circulation time 8 19 56 60
61 80 85 108 122 132 145
160 166 226 227 240 251
76
decreased 60 85 142
272 282
arteriovenous shunts 217 229
heart falure 261 272 282
treated (8 86 106 11> °02
07
hyperthyrowdism (1 257 2(1
dosage 57 60
double readings
221 29
increased 61 110 166 171 226
227 241 251 254 261 262
266 273 274 280 284 286
anhythmsas 8 16 18 21
heart failure 60 61 66 91
92 131 132 15 201
204 224
ralyular lessons 176 177 186
191 192 224

261 267

septal  defects

types 57 60 (see Various agents)
arm to feg, increased  coarcta
tion of aorta 240
arm to lung  (pulmonary) 57
i (sec Ether}
increased left ventricutar fail
ure 60 91
arm to tongue (total) 57 ff
91
ether 57 38 60 204 229
foot to groin  increased  preg

nancy 277

from legs increased $C 160
217

pulmonzy 5760 209 (ser
Ether)

total 57 60 91

Circulatory  collapse (sce Collap e
curculatory)

Circulatory debt 75 260
Circulatory failure periphersl (see
Farlure circulatory  Shock)

Circulatory models 42

ralvelar lesions 174 180 183
186 189
Cieculatory resenves 761 377 279

287 (see Cardiac reserves)
Circulatory (see  Peripheral
stasis)
Circus theory 15 22 73 24
Currhosis of liver (5 120 167 284
cardiac 65 71 197 o€
Citrate blood  heart failure 7
Clubbing 175 719 233
morbus cacruleus 228 235 237
Coagulability blood 113 242
wncreased 69 102 140 198 242
287
Coarctation of aorta 228 ff (see
Aorta  coarctation)
Cocatboxylase defiaency 73 170
284

Stasis

Coenzyme 1 deficiengy 134 170 284
Cottus 38 176
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Subject Indea

Cortucesteronds, increased 63 163
Corusone, 125 198

Cughfing) 173 214 221 42
u1
heart failure, 38 51 57 79 91

Conma e deficency 134 10 84
Creatioe
carauc, 31 202
decreased 31 K11 134 61
nsten ¢ ipcreased 3176, 1L
348 6 6
Geatine bluod ncreaved, 66
Crush syndrome 163
Cpug 14 1
Cunaee hypotension, orthostatic, 167
Cushing syndrome 125 147 148
Cuanle Gits 37 59 18
Cyanose tard ve 273
Ganoss 279 81
antythmas 8 17 23
blood duscrasias 94 2(9 74

275

@t pamonale 245 245 248
249 251293

comgemeal anomal es I(2 2td
19 W 1
& o’ 1 232
35 237

beart £a ture 87 90 92 93 9%
109 ol 205 08 283
che matic heart  disease

17$

18 193 196

Hpes 93 19 233
penph al 93 130 131 233

{€ A rucyanoss)
egonal 163 05 206
Cyclop pan  asthythow s sentnicy

[

C3atc disease 16> 257
Cytoch om 126
wdac 4 116 134
Cytochrome  ox dase
s

adic 16

331

Cytochromes  tissue snareased )
1é B

D
Dduas sluon mncardins 03
(see Penicardual irntants)
Dead space pulmonacy 49
Deaths 30 31 200
ardiz¢ 138 197 199 2% 4}

232 68 %9 8t 83
arhythauas sentrsculae 813
22 1 4 136 14} 138
coronary duscase 124 127 (28
B 135137 139141
drugs 25 76 W9 113 137

139 141
theumatic heart disease
88 192 196
tther
cof Pulmonale 102

18

42 4
shock, 103 167 170 197
Dechol 0 circulat on L me 57 38
Decompensat un, cardiac (1 ¢ Fail

ute cardiac)
Defecation, 79 153 242
Defecne aotuc septum, 213
Defecone atnal septum, 220 f
(e Interatrial septa) defect
Patent foramen oxale)
Dehydraton 6567 105 147 184
Lsee Diwretics)
Del num morbus caenidens
DU ety fhor 28
Demerol (meperdine) 106
Deoxygenavion, wssue ncreased,
Qanoss 33 234 (see Onygen,
venous decreased)
Deprestor drags 137 158 244 2%
24 (see Vasodihator drugs)
Depressor nerve {2011K)  hyperten
500 o removal 159 (see Re
Aexes pressoteceptor)
Desoxycon costeroneq say 193

3



Phystologreal Cardrolo 2)

Coronary artentis 125
Coronary artery coronary sinus com
muaication 222
Coronary atherosclerosis 115 120
121 125 133 134 136 185
188 189 260 279 (ree Cor
onary heart disease)
expenmental 125 127
hypertension 154 155

myxedema 123 124 126 26>
265

Coronary blood flow 33 34 52
116 119 193

arthythmsas 8 21 22
chemical control 118 119 138
coffateral 29 134136 139

heart fulure 30 32 38 61
M o127

hypertension  (essential) 145,
239

n¢rvous control 117 118
retrograde 135
decreased 52 115 117 121 123
125 129 133 136 137 155
166 188 217 243
arthythmuas 16 18 19
mcreased 117 119 123 134 141
185 188 193 217 239 247
259 268 269
chemyeals 111
140 142
Cotonary dilator drugs 25 138 140
Coronaty embofism 13t 133 245
216
Coronary heart disease 10 18 19
28 32 335 115142 959 769
arrhythmias 15 21 136
congemtal 127 222
heart block 4 5 7 136
heart falure 77 91 113 131
136 252
Coronary insuffiiency 12 115 £
ng 121 122 ff 127 128
129 139 140 197 243 253

123125 138

279 285 .88 (see Coronany
blood flow decreased)
blood dyscrasias 2¢8 269 273
275
cardiac enlargement 30 126 177
155

drugs 109 123 125
electrocardiograms 124 288
hypertension (essentsal) 125 135
156 158
hypoteasion 129 137 171
theumatic heart disease 178 184
185 188 193
tests 174 125
thyrotd  disease
264
Coronary nerves 120 130
Coronary occfusion 115
156 188
expenmental $1 120 122 174
127 128 129136 139141
types 115 120 128 129 140
Coronary ostia] stenusis luetic 115
185
Coronary fescrves 124 137 138
140 185 268
Coronasy sclerosis 125 ff
Coronary sinus 127 135
Coronary swws thythm 5
Coronary vascular bed 126127
Coronary vascular sessstance 118
183 (see Coronany vasocon
straction  yasodulatatron)
Coronary sasoconstriction 118 120

123 259 263

128 ff

121 175 137 139 141 14%
185 243
Coronary sasodilatabon 38 119

120 138 142 184 243 (9
Jrugs 86 139 141
lack of coronary discase 122 123
164
Coronary veins 33 115 134 247
Corrtgan pulse 182 740 (see Ar
tersal pulse water hammer)
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Subject Index

Dlataton, carduc {Cont )
theurnat ¢ heart disease, (Cont }

150 181 183 185187
189 191 192 194196
08

thyrod disease 257 259 261
264

entricular

left, 46 47 130 13t 133153
16 181 183 183187

189 196 214 223 240
veht 46 180 181 191 192
195 14 22 W
235 283
puimonary embeh sm 243 245
Drodrast angiocard ograms 37 58
29 (see Angiocardiograms}
Diadrast cleatance 3%
Diphenphopyndine aucleotide def
amg 134 170 284
Dphthes s (tox n} heart block, 4
§ 113 196 198
Dseases carduac {see Heart, ds
eases otgan ¢}
Dustens bl ty
ameral 143 144 239
ardac 42 00 M1
D1t oteost
ada 14 13 9 83 91 18D
44 {r ¢ Dilatation cardiac)
galf bladder 171
gastromtestiaal 11 63
heast falute 76 78 79 87 91
Dr s

prcord a) Rypotension
163 168

Duress 19 265 7% 290 84
8

hart falute SU 61 64 6668

3 9% 98 93 103 f yo06-

169 11 113 161163 2%
D oes 7 W 162 203
o7

84 (s e Vanous diuset
s

)]
B onc 16 3% 183 18% 232 283

Doanan cquibibrem, 99
Dropped brats (ventncular) 6 7
(s¢¢ Anorentricular block, pa
nal)
Dropsy (e Anssarcs Edema, pe
¢ phesal)
Drausiacss 248 {s ¢ Somn lence)
Drugs, 167 89 (¢ ¢ Vasodlator
beonchodilator  pressor et
drugs Chemcal fact 13}
arbpthmas 4 9 1213 19 O
2 234 3 137 Mo W7
62
beart block, 7 9 13
Dudus atenwns w0 212 8 (see
Patent ductus agtenosus)
Dusorer mutmut 183 213 337
68
Dyes 5799 61 68
Dyspeps 2 cornary discase 171
(see Gastraantestinal  dasturb-
anges)
Dysphaga, pencardial effusvn 03
Dysphoma pencardial effuston, 01
Dyspaea, 75 84 85 88 89 141
165 168 °05 239 263 &9
27 277 119
arthythmas 8 27 19 21
congenstal les ons 93 213 219
2223 225 26 228
230 231 232 236
ot pulmonale 93 243 245
249 251 B22%4
funchonal 283 287 288
heart falute 35 51 34 y7 79
80 82 83 8387 g9y
52 99 191 201 206 25.,
283
heumate heart disease 93 173
18 181 193 194
decreased 272 273
beart failure treated, ¢ kxd

30 & 84 (07109 11
Uekof 170 281 ®
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Physwological Cardiology

Desox; cotticosterone( saft)  (Cons J
Addisons disesse 64 96 148
172 182
hyperteasion 125 148 150
Desoxjcotticosterone like  substances
wmcreased 65 160 163
Develop retarded
213 222 230
Dextroposition of aorta
Aorta dextroposition)
Disbetes 123 126 279 284
Duabetic acrdosis hypotension 164
Diamox {acetazoleamide) heart fuil
ure 105
Diaphrigm mobility
decreased 79 82 248 263 287
1acreased (treatment) 81 86 254
Drastole cardiac © 43 116 117
143 174 176 182 183 187
200
shortened 155 187 188
heart fagdure 30 32 46 110
tachycardia 16 30 123 155
174 177 184 1835
Dubenamine beart failure 18 109
Ducrotic notch (wave) 41 2¢8
Dicumarol 27 102 140
Diencephalic syndrome hypertension
289
Dyet
high calonsc 781 784
Rarell (mulk) heart falure 107
low calonic 102 141 79 280
low potassiam 157 1(3
low protein nephats 162
low sodum 67 103 135 157
158 162 (see Sodm deple

28 (see

tion)

nce frut  (kempner)  hyperten
sin 157

Digesuon 70 7% 102 123 (ree

Gastrontestinal distuthances)

Digutalss
effects 13 14 90 105

archythmas 23 ff 27
heart failure 36 38 47 50 51
66 89 100 110 ff 137,
138 142 162 183 176
179, 203 204 255 262
273 784
normals 41 47 110 111
meficag 113 176 179 198
207 244 76> 265 213 84
toxicity 23 133 162
archythawas 4 6 14 15 18
19 23 °C 27 137
heart bloch 4 ¢ 7 9 10 18
heart falure 38 105 L1t
113 137 138 198
Digoxtn heart fadure 111 117 255
Dylatation
atzal 15 244 59
arthythmias 15 244 259
feft 44 48 214
valwlar lesions 174 17
180 181 186
nght 4¢ 191 44
congenital lesions 277 227

235
cardiac 7 124 140 171 198
199 207 ?36 781 283 (see
Enlargement cardiac)
Addisun s disease (DOCA) 64
148 282
arrhythmus 14 17 18 2
blood dyscrasias 263 271 7%
2714
congeatal
20 022 225
M40 241
coronary discasc  (iafarction)
127 130 131 133 136
heart tarlure 28 30 32 35 39
40 43 49 4 48 60 9C
100 110 1t 03 1
hypertension 157 155 159 13
240 241
rheumatic  heart  disease 176

lesions 714 218
77 735
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Subject lndex

Elear xardicgrams  Waves  (Cont )
QRS ware 4 9 106 12 32
43 41 65 3L
prolonged 9 17 14 16
QTntenal 13 14 43 02
prlonged 3 13 14 16 32
193 195 60 72 8%
fortened 13 14 111
R wae 10 252
repolatuzstion segment (see ST
segments T waves Nach
sche anhung)
ST segments 14 32 287 289
depressed 1> 252
coronany ansiffic ency 16
124 129
decteclyte changes 13 14

eler ted per cardius 161 201
prolonged 13 32 161
Teaes 69 43 47
depressed 124 765 81 &7
288

teaed 13 161 63
fegat € 1 14 W

128 14 20

Us e 13 161
olag 12 3
low 32 202
Electroc b n

19
El et encepbalept ms abn rmal 5%
Electrokyme gram 11 130

124

0% 265 80
entr cula fibrillat on

180
Etar fits charge 1% 14 16
e 14 15wt ke Ry

t Sodwm ¥ otassum et}

hostfde % (2 64 103106
N n

Thatn £18 0( eleg de
at Y

Yl m 27 242 ( ¢e Thrombo
embei m Ce onary embolism
e}
rEr s

paradoxical 243
Embryocardia  shoch 1 0
Sounds, cardue b tacy
Froouunal excitement, 121 15 714
58 20 285 f (sc Anxcty
Fear Fnght)
arrhythmias 14 18 .83
hyperteasion 133 785
Emphysema pulmonany 35 67 1
234 246 1 233253
heart falute "8 9 )2 252 ff
Encephalomalacia 232
Encephalopathy  hyperteas se 158
173

e

Eadatentis bactenal 215

Tadocardiys bacterial 6 215 3%

Fodocnne dseases 12) 133 149
256 ff

Enducane hidney  renal enzymes,
151

Endomorphs 125 143 151

Energy cardiac 31 32 39 0 116

Enlargement,
atnal
kit 5 27 174 et 223
nght 171 233
cGardiac 11 13 18 26 32 3
115 197 199 200 203 208
7 18281 (s Hypu
trphy cardac  Dilataty
tardiac Heart s ze increascd
bood dyscramas 271 27;
714

congerit | lesi ns 214 218
216 218 29 223 75
235 133

cronary disea e 30
161713 13

be st faduee 2881 373
#7475 8o 93 1
u

e

hypertension 148 151 15
135 159
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Physiological

Dyspaca (Cont )
paroxysmal nocturnal
heart falure 86 88 89 97
186 206

B

Eclampsia 154 158 162 163 (see
Pregnancy  toxemia)
Ectomorphs hypotension 164
Ectopic beats 14 ff 124 276
{see Atnal AV nodal

tricular ectoprcs}

Letopic focus theory 15 24

Ectopic thythms 14 ff (see Archyth
mus et )

Edema perspheral 63 164
197 271 273 277 280
284 (see Anasarca)

heart falure 35 $° 53 34 55
64 (6 67 63 72 88 93

285
sen

168
282

95 i 99 101 103 105

109 190 202 20¢
nephritides 160 162 163
thytord disease 757 2358 263

265
Edema fluid 160 283
heart falure 99 160 283
myxedema 98 263
Efficienqy cardiac 39 (s e Cacdiac
efficiency )
Lffort muscular (see Exercise)
Lffort syndrome 785 ff
Eisenmenger tetralogy 237
Elastiaty  coctficent of
Aorta elasticaty)
Electric shock, arrhythmias
26
Electrical alternans 47
Electrical sumulation 9 17 83

143 (see

14 21

arthythmuas 14 15 19 20 21
26

Electrical systole {1ee Systole elec
trcal}

334

Cardiology

Electrocardiograms 4 15 43 47

138 164 194 281 783 37
289
atrial hypertrophy night 194 23
227 235 252
congenital lesions 214 23 .25
227 235
cor pulmonale 243 244 251 252
coronary nsufficeny 17 115
123 124 125 128 129 13C
195 245 244 259 64 (9
285
digatalis 14 138
electrolyte changes 13 14 161
289
exerase 124 (ree Excrase test
coronary insufficeency }
heart block 57 10 11 153 176
223 274 44
hypertension 154 135 159
hypoxemsa 124 (see Anoremu

test coronary 1nsufficiency )
myocardial damage 138 159 195
197

pericarditis 161 201 03 05
precordial feads 10 12 174 244
252 287
ventraewlar preponderance 11 12
210
left 154 155 214
nght 176 194 27373 227
235 244
waves
Nachschwanhung 788 289
P wmes 35 9 16 43 763

P mutrale 5 174 05
P pulmomate 194 23 227
751
PR mterval 3

prolonged 57 9 14 16 23
195 798 (fee Atnoven
tracular block  partial)

short 5 7 17 18 288

Q wase 10 11



Subject luder

Ixpuratory zesene volame 77 48
(see Reserve air)
Extracellotar fud
casduc maessed 134
10ns, decressed 104
reabsorption, 73
7ed stnbution, honzontal 88
olume 67
decreased, 157 164, 165 263
heart falure treated, 66 67

103 103 112
naeased 148 160 169 197
28 277 280
glomerolonephnus  {{sub)
aque} 150

heart falure 66 67 95 100
101267 206 18
Extrasystoles 34 ff [ e Ectopic
bests  Atnal
topics)
Extremsties
binding, 146 168 169 172 {see
Venostas s tournuquet)
pale odd 130 131 10 227
241 43 280 286

vente cular  ec

F

Fue warm Bushed 240 286 {ree
Skn warm ¢ d}
Fafue cardi ¢ conge the 7 20
% 7 28114 11 187 196
™oL 207 2BV 285 26
4B M9 36267 64 6%
68 170 73 273 277 278
781 83
Addson  duse ¢ (DOCA) 64
% 148 282

arhythmas 1 18 3

cong ntal lesons 3% 216220
a2 2 &

cor pulmo ale 35 42 x5
247 151 257 255

c onary dsease 33 12 3
13335 136 141 14y

teart blwk 79 13 14 3

Syputenson, 3 143 148 193
154159 136 139163
240

preapitaung fact ¢
« 91 9

recstry 346 47 313
62, 60 63 63 93 113
255

wfractory 113 114

theumat ¢ heart disease 33
TS U7 4 9188 180 189
191 192 196 08

37 38

tpes
backward, 16 99 A 13
2 17193 199
fornatd 16 18 78 99 £
130 132 142 171 19y
199 ff (see Failuee ax
culatory}
togh ouput 35 93 98
W08 i3 197 18 2%
83 61 27 83 g4
low output, 34 ff 41 107
1o 1 %6 97 23
aght beat 46 48 3052 4
S5 60 (3 71 80 84 8
82 93 6 101 12 34
136 179 181 186 189
W 191194 00 202
706 214 N3 226228
236 238 232235 261
entnoular lefr 21 37 45 4g
@ 5 77 92 \w 108
109 Ul 12 23y 1y
1o 246 251 263
Faure cuulatony 25 (4 ¢ Shoek)
prphenl 34 33 51 103 164
17197 w8 4 2
Fantng, 108 169 251 (sce Fant
aess Syncope)
Famness 39 243 32
Fallot tetealagy of 228 &
Fallot, tlogy of 227 225
Tamune (waz) edema 280

237



Physiological Cardrolog)

Lnlargement cardac (Cont )
hyperthyrordism 256 261
theumatic heart disease 178

181 185 186 189 19
192 196
lack of experimental pencards
tis 208
left 181 252
nght 191 2°8 235 238 233
En2ymes 126 780 {see Vanous en
zymes)
cardiac, 32 76 115 116 197
tenal 149 (sce Remin VEM)

Eosinopenta 65 134 286

Ephednine 113 124 177

Epinephnine

arshythouas 14 15 19 0 27
26 27
blood increased 119 285 286
adremal  (chromaffin)  tumors
149 153
curonary insuffiency 115 121
124 137
cficcts 6 8 14 96 123 124

137 140 146 149 172,244
254 259 260 285 ff
heart faillure 47 96 91 96
dernatines 8 14 15 22 123
124 149 244 254 254

(see  Ephednne  Paredrine
etc)
toxiaty 38 124

Episodic neurogenmic discharge 285

Epistaxes 252 253

Ergot dermatives 137 157 254
278 789

Enythrermia 23> 246 253 274 (s ¢
Polycythemia)

Enythroblastosis fetalis 274

Erythrocvte sedimentation rate 69
133 235 "M

Enythrogytosis 232 (see Polycythe-
mia)

Frythromelalgia 274

Estrogens pre eclampsia 163

Ether 15 27 146
arculation time 57 $8 60 04
229
Evans blue 57 58
Dxatability myocardial 20 3 24
27 136
supernormal phase 23
Exeraise (exettion) 17 19 20 69
271 274 277 279 81 283
286 289 (sce Overexettion
Straiing)
arthythmias 18 19 22 136
congemital lesions 213 214 219
2°2 2.6228 230 231 233
234 237 238
conduction defects & 17 14 13¢
cor pulmonale 242 246 253 255
cotonary disease 119, 121173
124 131133 140 141
heart falure 31 35 37 41 46
47 50 51 56 6> 63 70
7478 80 83 84 85, 86
96 101 107 117 113 .00
hypertension 143 153 156 40
241
hypotension 165 1(6 168
penicardiis 200 201 S04 03
208
rheumatic heart disease 173 178
181 184 185 18 189 191
193 193
thyroid discase 259 (0 63
264
\enous pressure pedal 168 258
Exercise test coronary nsufficency
10 124 136141 195 252
264 209 285 288 289
Exeraise tolerance 181 184 191
193 236 755 787 88
Exhaustion  muscular 286 {s¢e
Weakness muscular  Fatigue
abalaty)
Expiration 3 41 79 8
hmited 79 81 49
pressure (Flack test)

219 247

168 286
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Gangloose bakade alohwl WL

Gangrene perpheral 16 131 216

Gas possoping 14 43

Gaarointesting] o turbances "0 &
171 10 (+ Dustention gas
1 esundly

Geisboedh, syndrome, 4

Geaeral adaptats o syndrome 134

g 7

Gudduness,  hipotens on, 165 (sre
D zanes )

) bubns 69 g1 133 195

Gl merufar Blwation rate 33 62

10414 101 29
decreased 101 63 65 16
LI )
heart fadure 63 8§ 100 102
w06 202 051
aphrnd s 63 159163
ncseased, 62 &4 106 1t 163
638 262 Ry
Clm sulot butar smbelance 147
16
G\ werad nephz by 63 154 195
159 160 161 162 { ee e
phast )
Clamred sal s s ngercap Uary
167
Glaon op ness  myocard 2l ofarc
ton 134
Glucose 10 81 { ¢ Glycrsura)
Blood
deceeased, 115 6 1S 19
13169
acreas 134 149 10 288
8
oo o

fous 15 138

Ghucowe £33 ¢ hart t tue
Glut th o caedac 4
Gly ogen
aduc 4 1 %0
fce 4 73 31 g g3
133 197 &1 38

339

bepatc decressed, 10 61 80
mascle  sheleal  decressed, 31
S

Glycolysis, gnacrobic {31 39
(562 Anacsobrosis)
Glyeosudes  cacdiac 4L
Diguals )
Glycosuna, 134 758 86
Guldbla t type Rygertentiod, 149
Granulomas myocasdial 195
Gravitatwosshoch, 166
Gravity effects, 166 173 183 2 0
38
St {adure 86 58 97
hyporeas o, 164 1T 173
Ge wth Congenita) Yesions
sacrened oaal} 216 33% 240
retarded 13 272 27 230

H

Har sha, acesed 216

Haldane effect, 273 free Oryhemor
Rlobin dissocuation, decreased)

Hands  warm  Bushed, 240 Usee
Skin, waem, red)

Head, mo ement 33 132

Head-down posscon, 86 89 V7%,
1S

13 (e

Head up posson, 172 173
Headaches 5% 163 173 232 240
2714 288
Heart
Avhoa) 26
Mrophy 199 203 67 279 281
beat, dauble 18 Ciee Pulsat omy
€ardiac}
bloodsr 233
Block, 4 € (s0 Atnad AV ven
oz e block Conduc
ton, vardiac defects)
duseases, 262 {see Vanous Hpes)
fuoch n i 283 §
ffatuc 46 10 11 14 19 o
56 67 76 17 39 82, 83



Physiological Cardiology

Fat(s) blood increased 125 126
161 278
Fat embolism 245 246
Fat restriction 126
Fatigue cardiac (see Myocardial fa
tigue)
Tatigueability  (exerton) 8 16
165 168 181 269 279 288
congemtl lesions 213 222 223
230
heart falure 76 77 201 204
Fear 289 (see Fmotional excite
ment Fright)
Ferntin 64 150 170
Fctus 209 276
Fever(s) 8 75 129 133,137 167
182 197 234 268 273 283
heart faure 35 3¢ 61 69 70
75
kbrinogen blood increased 242
Fick principle 116, 210
cardiac output 34 180 184 212
251
Figure 1 (cardrac output) 29 36
37 41 42 68 108 110 113
171 196 203 217 255 273
T'igure 7 (oxygen consumplion) 39
40 41 44
Frgure 3 (cardiac work) 39 43 44
Figure 4 (carduac ycle) 45 180
Figure 5 (cdema formation) 53 96
Figure 6 {cyanosis) 93 94 193
205 233 750 269 274
I'gure 7 {coronary blood flow) 30
116 117 145
Figure 8 (coronary blood flow) 118
119 24>
Migure 9 (oaygen dissociation) 234
250 266 275
Filtration fracion (FF) 61 150
Fist formation 205
Flack test 168 286
Flatulence heart failure 70

Flicker frequency perception 5%
Fluds 66 127

1ntravenous
collord 17 35 95 (see Plasma
infusions  Blood  transfu
sions)

salime e 17 4. 51 16 781
heart failure 37 38 42 44
50 62 66 83 91 95
96 100 203 205
myocardial infarction 132
142
shockh 171 198
Fluorescein 56 58 98
Fluoroscopy 7 10 130 219
heaet failure 29 47 92 200 204
rheumatic heart disease 180 191
196
Food mtake low 72 73 102 141
279 280
Food poisoming archythmias 14
Foramen ovalc birth 209 (se Pat
ent foremen ovale)
Forearm blood flow 145 146
Frank law 36 152
Friedreich s ataxia 196
Fright 287 (see Emotional exate
ment Nightmares}
Functional  cardiovascular
285 289
Funnel chest (Trichterbrust) 237

G

Galactosc tolerance 77 197
Gall bladder 14 121
Gullop chythm 171 244 257 68

disease

276 283
heart faillure 46 47 60 92 132
155 136 163

Ganglionectomy stellate 121 141
Ganglionic blocking ~ agents 167
54 (see Adrenergic blocking
agents  Tetracthylammonm

etc )
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Hemorthages, acute 157 180 765
266 267 268 273 {1 e Ane
M3, scute Eprstaxes et )

coronary asuificency 123 19
3

137 68
bypotension, 13 19 137 163
167 169 171
regonal 52 173 232 253
Hepann 1 6
Hepat ¢
AY cngn dfaence 33 N
74
Bood 1w 33 07 142 14y
137166 267 {1er Blood
v iscenaly
falre shock, 1 0 1m
functon het fadure 1 73
€ ¢ Lt e damage)
schema 14 138 (o
Recea es boart fature 4
P lie trcusp d disease 191
BB ong rgement 17 3¢ 5g
65 68 71 192 193
202 206

H patopoam ncusp d disease 191

Hepat ) guter eflax 50 1 ®8
o

Hee ng Brover refl x B2 85 w4y
9

Hep (tr 0E 02 pect B §33

Hoam th num 48 w9 a5y

Hlrdiae (P} 13 224 237

Hipp tic ad tet | oart faggre 1

Humn 5 58 139 149

Ho ren ntral stenos s

Hm paan
I8

Hr ot psiion 6 8
0019 18y

Homon} faos 55 ¢4 65 141
WS 19 13 164 157 g

19 { Chem caf taet 5y
Humdts hgh heant f1 ¢ 3
19

167
176
314 s Hic cagy

88 91

Hum>ral factuss (sr¢ H rmona) fac
ters}

Hyaluromda € serum, 198
Hydualanne (Apees line) 107 131
157 3¢
Hydraton 103

fad, excess)
Bydrema (5 ¢ Hemod luton)
Hyde xhlonc aad gavne decreased,
hd

W (re Soaner

Hydreps, enthoblastisss fetals, > 4

Hypetalim atiuon (e Dict hogly
calonc)

Hypertaleerua 14

Hyperapma  (hypeccarbia) (e
Cuben dioxide  alveofar n
creased)

Hypuchlotemia (iee Chlonde plass
ma, 1ncrea edj

Hyperchesterolemia 13 396 ¢,
Cholestero ST ancrcascd)

Hyperghcems (ree Gluc se blood,
nceeasedy

Hypesh drogis. P acphnne 149 (4
Swcating, shin increased)

Hyperkalenya (e
um, increased)

Hipedinem a 36 ¢y B3 9% ;3
o1 15217 256
B0 w6265 213 3¢
282 283 293 287 (e CGardiag
oulpur increas )

Hiptal pema 125 126 ¢y 28

Hypeepaea 4 Resp vatory minute
olume creased)

Hipeiten in 47 148159 159 170,
2

Foassum  5¢

H)ptl“.hhﬂdgtn M9 150 1 g iy

Hypestension
anenal 629 30 37 5, 4y o
122125 127 130 143154
L9 F 165 167 197 181
187 169 224 240 274 g9

i)
AT L U TP, 183
3f1



Physiological Cardrology

Hewrt  diseases  organic  (Cont )
8588 91 95 110 197
203205 261 262 272
274 277279 283 285
286

falluze 28 114 (see Failure car
drac)

globular 196 218 261 263 265
271 (see Dulatation cardiac)

hyperdynamic 36 171 256 257
260 761 268 286

hypodynamic 37 85 90 164
196 203 208 264 265

wnervation 119 120

solated 6 7 9 14 19 38 39

116 256 260

muscle (see Muscle cardiac My
ocardial)

normal 19 20 40 12 5t 52
110 111 116 119 124 133
285 ff

pulsations (ree Pulsations car

diac)
rate 13 20 33 38 42 76 116
118 150 224 256
decreased 3 10 22
142 164 201 107 215
261 262 773 279 (ree
Bradycardia stnus)
chemicals 25 6 109 111
113 138 179 755
hewt fadure treated 109
111113 179 255
increased 3 9 10 22 25 30
31 37 124 145 150 15%
165 166 189 204 256
264 266 °71 275 278
279 281 (see Tachycardia)
28 37 40 41 131 219
245 256 288 (see Blood
volume 1ntracardiac)
decreased 16 77 164 200 204
215 218 265 279 82
281 286
AV hstula closure 220

72 89

size

digitahis (group) 111 255
heart falure treated 101

106 111 255
hypotension 164 165 170
274

sounds (see Sounds heart)
sumulants shockh 170 171
tlocular 233
valves (see Valves (rings) heart
Aortic etc valves)
vertical 164
weight 33 115 279 (see Hyper
trophy cardiac)
Heart lung peeparations 147
heart falure 32 35 3840 42
45 11
hypertecnsion 143 144 155
Heat 38 70 86 91 93 17> 241
conduction cffects 4 7 13 14

dispersal  heart fatlure 69 86

edema 197 758

hypotension  (orthostatic) 165
167 169

production increased 69 233
258

Heat exhaustion (strohe} 197
Hematemeses morbus cacruleus 23
Hematocrit 33 232 250 269 273
Hemipareses 1¢ 189

Hemoconcentration 92 104 107
112 169 251 266

Hemodilution 67 72 88 107 117
160 170 276

Hemodynamics  hypertension 143
147

Hemoglobin blood 69 89 90 94

710 711 232 236 250 67
70 277 775 276
reduced  venocapillary  cyanosis
93 94 05 233 234

Hemolysis heart failure 69 71
Hemometahinesis 167 (se¢ Blood
volume redistribution)
Hemopcnicardium 199 <00
Hemoptyscs 175 232 253
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Hypoprctancmia {see Protesn, set
um, decreased )
Hyposphygm 2, anterial 163
Hypotension
arteral 66 163 164173 197
223 233 753 266 68 270

coconasy  psuffiaeney 123
129 171 8

myocardial anfarction, 150
136 137

pencardins 399 & D4 08

npes 164

acote 19 163 11 G
270

card ogeme, 129 131 137
142 164 1M

hematogen ¢ 164 167 66
268 270

crthostate 102 166 f 172
185 769 270 277 281
281 286 237

Hypoteoss  drugs (see Depressor
drugs)

Hypotens: € measares, 0 140 134
158 103

Hypothalam ¢ sum lation 20 133
8y

Mypothermia ( CoM  Tempera
tare bodv decreased)

Hyp thyrodism (5 Myaedema)
Hyp olm (¢ Blood olume
decreased)

Hypoxem 2, 35 85 89 90 109
175 195 (o
nous

Oxygen arter al
lecreased  Hypoxia)
Hypoxia 8 36 697V 7577 84
35 98 127 146 163 213
34 250 266 268 789
oythn s 14 15 0 21 136
« oducton efferts 7 10 13 14
< pulmonale 243 248 253
cootary changes 115 119
122 125 133
hatfalue 931 35 36 38

343

39 45 47 34 64 6971
75 84 8y 89 9 U8

99 109 255
morbus cacruleus, 231 33 234
tolerance ncreased 139 140

33 234
types
anemic 115 250 266 ff
buone magrow 68 99 173 50

33

cercbral 54 84 ¥ 63 (s e
Cesebral sschermua)

hepatic shod, 10 170 (see
Hepatic splenchmic blood
fow degreased)

hypoxic 113 134 233 272
(see Alutude high)

muscle sheletal 119 10 12

69

myocard 3 1T 29 11y N9
P11z 1 137 236
37 159 260 275 (e
Cusonary insufficiency My
ocardial 1schemua)

renal 64 101

163 1 Qe
Renal Blwd flow  de
creased)

stagnant, 68 73 93 115 175
193

tissue 10 73 1476 93 170
173231 235 248 2%0
266 (7 274

I

lee (mater) 19 22 125 289 (see
Coldy

aews index heare faluce 69 (see
B Lirubin, serum)

o entnicular chythm 8 23

Imidazoline compounds 149

Impotence 167

fnactnity (ree Rest bed)

Infections 69 195198 242
281 (see Myocardins)



Physiological Cardiology

Hypertension arterial crises (Cont )
types 143 150 153 1354 163
285
coarctation of aorta 238 ff
endocrine 125 143 147 149
134
essential 143 ff 148 150 133
156 138 167 239 262
hyperreactions 146
blood flows regional 145

146
malignant (nephroscleross)
134 135 161

nephnitides 151 159 161 163
neurogenic (stress) 150 151
153 134 285 286
143 150 151 153 159
ff 162
expcnimental 125 148 149
150 151 154 156158
sodium excess 125 148 154
Hypertensive  encephatopathy 158
173
Hypertensive heart disease 32 35
39 44 45 47 65 124 152 ff
heart fafure 77 91 113 155

renal

252
Hyperthyroidism 75 174 137 234
256 262 283
expenimental 260 262 (ree Thy
roxin)

heart changes 9 14 3> 256 ff

heart falure 3538 61 77 91
113 261
vascular changes 37 (7 182
218 268
Hypertnchosis ( ee Hair skin 10
creased)
Hy pertrophy
atnial 174 181 191 M4 223
727
cardiac 28 124 127 203 251

259 261 269 772 81 743
(1ee Enlargement cardiac)

congenutal lesions 214 218
M0 223 225 227 4o
coronary duscase 126 127
131
heart fadure 29 30 31 32
hypertension (essenbal) 143
153 155
sheumatic heart disease 181
185 186 188 18) 191
1>4 195 208
lack of 265 277
ventrreular
left 11 153 154 181 185
186 188 189 14 225

40
nght 11 191 194 °14 223
225 227 °83

Hjperveatilation 35 75 78 8284
90 104 122 231 248 %)

754 774 285 787 (see Res
prratory  minute  volume 10
creased)

Hypersolemia 68 ff 95 ( e Blood
rolume increased)

Hypnosis  hypertension 157

Hypocalcemia 13 161

Hypocapniz (hypocarbia) (ree Car
bon dionide  alieolar  de
creased)

Hypochloremia ( ee Chlonde plas
ma decreased)

Hypoglycemia (cee Glucose blood
decreased)

Hypohatemiz (ree Potassjum serum
decreased)

Hypokinenua 19 35 52 60 61
(8 83 93 108 179131 ida
155 1€9 170 172 176 177
189 190201 203 242744
293 267266 85787 (see
Cardiac output decreased)

Hypophysectomy  hypertension 148
158
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Intratenal pressures be 1t §a lure
55 64

Intrathoraaic blood  clusve 81

Intratharacic pressures  {see Intea
pleusal pressuses)

fotravenons fuds (see Fluds sn
tra coous  Plasma,  snfusions
Blood transfusions)

Totra entncular block, 7 9 €
32 136 195 224 260 {see
Bundle branch block)

Iotsa enir colar leads 10

Intrasentricular  peessures, 44 47
49 51 W7 134 138 709 256

kit 49 180 18 5
decreased 19 156 174 209
222224
ceeased, 44 130
181 185188 238
nght 49 133 136 134 175 10

152 136,

1 1
decreased 107 110 179 209
213 234 255

ncreased 179 238
congenutal fesions 214 224
732 237 38
cor pulmonate 45 243 245
7 52255
heart faduse 45 46 48 15¢
199 06 203
al wlar fesions 45 173 179
181190 193 194
Tntraventriculat pulst pressuces de
<€ sed, pencarditis 199
Thuln efea ance 33 1e2
fodne 75 126 203 261
ndsoact € 141 261
Tpeac  thythmas 23
ron d ncences 192
brabd tv atncular {ree Fxata
biluy myoca dialy

Icherng, 7 86 10 38 (ree
Peripheral  myocandial et
schem a)

solated heart (sce Heart 1solated)

Iso theaurta mephrn 163
Tsupeed & 17

}
Jaundwe 71 19 193 06

Jows, clubbang, 233

LS

Tetones 51
Rotosts coronary occluticn, 134
Rhellin, 130 234
Nadngys 116 144 149 130 13

162 239 {er Remal)
Rnee chest pesiion, 01 231
hyphoscolt s1s, cot pulmonale 23

L
Labor 2§ 78
Lactanion 283
Lactic 2ad {laqate) 139 84
acdosts 14 85 86 92 125 231
234 9 20
cardia, 116 196 119 134
intea enous 76 84
systemic, 8 16 84 16t a3

increased 21 125 134 170
231 260 260 20 29
284

exestion 231 270 739 88
beast fadote 31 93 96 97
8486 9 109
Lagyngeal nenve pacaly s 176
laynx diseases 204
Latency theory 6
l.z\zg! wtestinal - peritoneal 163

bmduung {hypoten ton)
168 169 172

ele anon, 30 56 93 172
Leukemas 273
Levulose tolerance heat fadure T2
Lipids blood increased 125 126
161 28

Lipoprotews  serum, 126

14¢
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Phystological Cardiology

Infections (Cons J
arzhythmras 3 14 195
broachopulmonary 19 38 197
214 221 246 247 250 253
febnle 35 38 197 235
heart block 4 7 9 10 195
hypotension 164 166 172, 197
288
Inflow load (see Cardiac inflow
Venous return)
Inflow stasis 200 (see Cardiac n
flow decreased)
Insprration 3 °19

atraal pressure nght 41 79
191
pencarditis 204 205 207

hmited 79 248 249 254 287
Inspiratory reserve volume 78 (see
Complemental asr)
Insulin ?6 123 125 137
Intelligence heart falure 55
Interatnal block 3
Interatraal septal defect 194 210
220 £ 225 227 228 230
combined 223 224 228
expenimental 220 223 227
heart falure 223 224
Interference dissocation 6 23
Intermuttent claudication 216 241

269

Interstitial  flusd  (see  Extracellular
flud)

Intenventricular septal defect 194
224 £ 230

combined 214 222 228 237
expenimental 224 25
heart falure 77 223 226
Interventricular septum  lesions 188
244
Intestinal hyperperstalsis 86
Intestinal lavage 1(3
Intracacdiac pressures 36 174 180
264 (see Atnal pressures In
teaventncular pressures)

heatt falure 42 113

decreased 169 170 196 207
ncreased 42 278
heart fallure 78 37 35 37

4246 48 50 79 95 99
19C 199 ff
left heart decreased 233
nght heart 48 50 51 79 82 95
102 105 107 111 180
ncreased 48 50 79 95 .07
277 233 243 245

Intracardiac shunts 33 710 220
ff 228 229
heart falure 77 273 225278

235 236 38
leftto nght 210 212 220 ff
224 225 229 237 244
nght to left 93 94 209 210 211
212 214 218 219 221 226
728 229 23t 232 233 236
237 278
Intracellular flud €7 104
Intracranial diseases 14 151
Intracranual pressure increased
55 151 (ree Cerebrospanal flud
pressure ancreased)
Intracutaneous pressures 55

Intramuscular pressures 51 55 97
169

Intramyocardial pressure 72 1.8
188

Intrapenicardial  pressures 199 ff
207 704

Intrapleural pressurcs 42 79 247
(see Intrathoracic pressure}
decreased 3 70 80 81 87 °01

04 09 254
increased 110 190 20t 214
221 225 47 248 751

heart falure 46 51 70 78
79 882 92 110 190
201
Intrapulmonary pressures (see Intra
pleural pressures)
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Subject
Meblytene blue eculau o ume 37

5%
Marazol ¢ 90 140
Mudapaaty lung, heart falure 77
Miscarriages heart faluce 55
Muat
commissuro omy 179

awarf m

incompettng 29 153 224

wsufficeney 77 179 ff 181
184 190

repurgtaton 180 181 190

stenosis 11 4446 69 141 174

# 181 184 186 190 11
193 223 2% 246 28
beart falure 77 91 178 179
w6 31
telstive 183 212
tght ( buttonhole ) 16 27
15178 179 23 24
alwfar dsease 113 174
Mcdis arculatoy { e Crouls
tory models)
Mocbiz bl ok 7

Monges disea e 53 (1 e Ahttode

high}

Mobus caeruieus 228 231 3%
( Conge tal heart discase
Qan 1o

Mophine 6 5 27 142 167 244
&y

heat falue 8 89 00 91 1
105

M elier man uver (expenm m) 02

219
M rmur
ar mbolsm (woter whed )
0 e
dati 39w a8 s
IUNEIZY
Wrtlc 183 186 1 213
B8y
apct
datlc 183 25 2wy

Index

congenutal less as
224 38
middiastolic 1 € 177 196 201
presystolie 176 177 237 27
483
spstolic 153 180 19¢ 237
anterial 238 768
AV fistula, 215 216 219
Dutonezr 183 713 257 268
bacal systche 133 237 39 7 6
cardiae (precordial)
diastelig, 221 224
funct onal 171 2€%
syst i 29 132 21 224 (8
283 246
pulmonic
cnnnucus { machineey )
dastolic, 176 194 244
congen tal lesons 212 218

1

Y

M 24 2% 8 237
wsthe 212 3 21 6
28 23 M4 i 239
2¢
Muscle
heat, 11¢ 10 127 133 181
214 256 278
awophy 199 27)
kefetal
blod s pphy 115 11) 126
conteaculity 31 41 3¢ 77
WO 219 80 28
camps 103 20 243 (9
ischemia, 119120 127
pump ST 97 23R
emers 10 286 (iee Respusa
wey m scles)

Mu wt sgn 1R?

Myastt cuas, 76

Myocard um 120 (4 ¢ Myule heart)

Mywarial ¢ ntaculity (e Con
el 1y cardiac)

damage 34 73 11y 138 15)
197

degnensi a0 3 127 133 134
197 &1 83
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Physiological Cardrology

Lipotrophic factors 126
Luer 54 61 65 72 116 149 169
(see Hepatic)
damage (dysfunction)
17 g0
heart fadure 66 69 71 72
73 192 202 206
cngorged pressure on 50 51 88
200 205
pulsations tncuspid disease 191
Iobehne circulation time 57 58
Low salt syndrome 103 105
Lower nephron nephrosis 163
Luctic heart disease 35 115 181
183 185
Lung 82 (see Pulmonany)
Lung capaaty (volume) total 231
248
heart faluze 77 80 81 87
9> 112
Lung fields clear 230 61
Tungcnschwellung 81
Lungenstarre 81
Tungs compressed penrcarditis 201
Lupus erythematosus 196
Lutembacher syndrome 223 274
Lymph flow 55 356 71 206
Lymphatic draimage 96 97
Tymphatic obstruction dilatttion 56
Tymphogytosts 253
Lymphopenia 286

M

Macrocytosss red cell (8 750
Magnesium changes 14 19 27 134
Magneaum sulphate 57 59 140

150 158

158

Malaise 277

Malana 196

Malignangy 253 281 (see Neo
plass)

Malnutation 76 124 176 204
230 279 ff (ree Nutntonal
deficiencies  Vitanun  deficeen
c1es)

Mannutol clearance 33
Marey s law 3 201 204 (6 (see
Reflexes pressoreceptor )
Massage cardiag, 26
McDowall reflex 37 112
Meals heavy 47 91 122 123 128
Mean corpusculas volume increased
68 250
Mcasles nephrosis 167
Mechanical  obstruction
233
coarctation of aontz .8 .41
pencarditis 199 207 208
valvular lestons 175 188 192
226 233
Mechanscal stimulation 209
arthythmias 12 14 15 19 %0
Mecholyl {ree Methacholine)
Mediastinopericardiis 207 208
Menstrual abnormaltties 55 277
Mependine (Demerol) 106
Mercunials
heart failure 42 54 55 63 (¢

143 226

67 99 100 103 104106
197 157
mefficay 106 207 265
tomaty 7 9 13 38 103 106
103 192
Metabolism

cardiac 73 781
ncreased 29 44 113 173 195
256 265
discases 235 256 ff
local wncreased clubbtng 35
renal hypertension 151
total {see Oxygen consumption
total)
Metabolites
aadic nercased
735 27
cardac 7C 177
Methacholine {mecholyl) 139 149
arrthythmias 1315 7 25 200
Methemoglobiacaua 274 275

76 84 838 139

134 135 139
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Subject Inder

Mynederrs, (Cont )
o onary changes 13 124 176
63 765
N

Nals o ergiowth thibbing 235
Narc ucs, 91 {3 & Sedats s}

Nat resis {see Sodmm, urine an

creased)

Nauwses, 21 D 121 196 243
Neoplasm 7 235 253 81
Neo t gmine (prostigmine) 13 22
Neosyrephs ne 13 77 147

Nephrectcmy  hyperteasion 148
196 151 157 39
Nephus 65 01 125 159163

2 8 {see Glomerufonephuitis)
byperiension 148 154 159 161
163
Nephron d uresss 161
Nephro clerosis malignzat, 63 134

16
Nepheosis 3¢ 106 126 159 161

Nenes

suditory 131

bufiz 3 150 17

lanogeal | ft recurrent 176

per pheral 121 151

ph emic per cardia! pamn 201

sen ) hypertensian 151

ensory ¢ rdiac, 120

01 (see Reflexes)

Nenous dseaes 151 167 196
Neu atirea) tory asthen a, 283 £
Neu ogenic factors 61 82 90

121 135

1y
199 164 167
rac disease 116 117 131
132 141
1yp ttenson 142 146 149 150
131 133 154 157 159 241
295 186
pulmonany lesons 91 95 243
244

249

eurthypephy s 648 {0e Pru
tary postenor}

Neurt p jehuatne spmptoms 33 283>
£

Neuroses 6, 124 285 ff

Nuoa defaceg 84

Nicatin 103 124 {vee Tobacco)
“ightmares, 91 183

Nibethamide (ccramine) 90 140
Nitrites, 70 121 137 140 167 169

250
Ntrogen 57 59 118 245
balance 62 264

negat € 72 6 102 134 38
bloed nonprutun, ancressed, (8
€6 103 104 331 134 132
160 1(3 164 270
mustatds nephrosis 162
Noctura €2 64 166
Nodal {rer Amoventrrcular nodaly
Norepinephtine {Jescphed) 123
14> 149 151 86
Normals (see Heart, normaf)
Nutb n 1 defe encues 37 279 R
(see Malnutsttios Vitamuin J
he encies)
Butntonal edema, 260

[o]

Obesty 8 172 125 14 242 279

Ocul 1 pressure arhythauas 18 72

Old age hypotcasicn 166

Ohguna 131 140 164 165 2050
283

heart falure 64 103
acphritides 63 160 163
Olve £ dor sha 293
Omentopexy 135
Oncutic pressu ¢ 53 {see Osmotc
Ppressure)
Opca ng mitral snap 176
Opetatio 5 (ree Surgery}
Orthoppca, 17 46 763 270



Phystological Cardrology

Myocardial contractility (Cons }
depression 24 157
dilatation 78 29 (sce Dulataton
cardiac)
edema 7 134 159 764 281 283
faslure 28 1 (see Failure car
dinc congestive)
fatigue (exhaustion) 3 13 123
155 (see Mjyocardal weak
ness)
archythmuas 3 14 1618 21
heart falure 30 32 47 111
fibrosis 7 18 {see Myocardial de
generation)
function 1mproved treatment °3
109 11t
granulomas 195
hemorrhage 7
hypoxia {see Hypoxia myocardial)
wnfarction 17 18 121 127 128
ff 135 156 188 “42 279
{see Coronary occlusion)
arrhythmias 16 20 21 20 136
conduction defects 7 9 13 136
heart faillure 28 31 34 50
66 108 131133
hypotenston  shock 179 131
137 142 244
pain 130 133 139
rupture 131 138 244
treatment 137 138 ff 141
142
types 128 1°9 136
inflammation 195 ff
wnsuthiciency (ree Falure cardiac
Mjocardsal wcakness)
wischenia 12 13 20 77 19 121
173 126 131 133 138 139
141 153155 185 188 193
218 243 250 263 268 271
(see Coronary iasufficiency)
archythmias 3 16 21 31 32
heart failure 30 32 37 47 86
11 113

subendocardial 17 3> 8¢ 124
128 129 130 135 136
141 154 155 943 744
269
thyrord disease 259 261 263
lesions 15 32 154 207
necroses 21 124 127129 133
13¢C 188 243
toxenua 3 13 37 (see Tomns
cardiac Myocardoses  toxic)
weakness 19 21 155 159 161
164 171 178 180 181
195197 107 753 257 759
261 273 277 279 781 282
RS
coronary disease 119 173
127 131 133
heatt fallure 34 76 77 91
9C 99 100
Myociurditis 18 19 174 159 195 ff

174

conduction defects 6 7 13
195 202
heart falure 77 91 113 19¢
198
fHpes 7 113 195 ff
enducine 196 197 256 f

wfectious 113 196 ff
diphtheriic 4 113 196 198
metabolic 196 197 256 fi
rheumatic 6 11 31 113 136
176 195 f
atnal 5 177
heart failure 178
197 196
Myocardoses toxic 9C 113 1534
195 ff 278 283 (tee My>
carditis nfectious  diphtherstic)
Mjyohemoglobins  tissue 233 2,4
266

179 195
179 186

Mycpathies myccarditis 19¢

Myosin cardiac 31

Myxedema 7 ¢1 98 99 141
242 262 265

104
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Subject Index

Ongen consumption {Cont )
decreased, 24 39 129 134
141 268
increased {global) 73 123
137 152 153 183 186
240
heart falure 9 30 32,
38 39 45 74 110
m 127
cerebral 33 54 74 113 167
hepatic 33 0 4 10
aucle skeletad TS
per lfer venulation, congental
lesions 230 238
waal 33 74 151139 231
total 33 34 88 115 210 211
22 221 248 291
decreased 7 16 18 70 82
100 12 141 137 170
04 253 261
mortbus caeruleus 230 233
myxedcmd 62 264 265
sunation, 72 102 280
nc cased, 21 36 13 137
177 197 259 260 264
276 279 281284 2BG
bluod dy crasias 267 273
274
conphysema, 149 251 284
exerase 119 130 260

279
te it falure 29 35 3739
56 66 69 74 75
76 8 83 104 106

nz
hypetenson 145 148
149 133 4o 241
maxymunt, decreased heart

falue 75
coronary art tal 244 231 254
26)
dbe 23
decras & treatment o 1
2

351

increased exercise S0 75 €
18 49 288
detait, heart failure 75 59
demands
mycardal 119 12 13
tissue
decreased  myxedema, 63

ncreased, 37 27 251 257
60 20 28 279
diffusion, decreased  hypertec phy
30 126
dissociatton cune 234 {see Oxy
hemoglobia, dissociation)
exchange
decreased 266 274
cengemtal lesions 2 6 227
230 236
cof pulmonale 243 47 249
233
heart falure 73 £ 81 82
incressed, €7 109 201 243
expired aie 2 9
extracion, hssue aacreased 73
193 01 2%4 266 (see Ac

ter1ovenous oxygen difference
increased)
ndex, fow heart falure 73
fack (s¢e Hypoxia Oxygen want)
Tow inhalation §3 189
coronary blood supply 118 124
136

myocasdil 119 138
100%  adminstranon 10 57
138 172 231 245
heat e 90 109 110
positive prissure 7109 138
294 234 235 273
Plasma,
sncreased, oxygen (100%) 110
138172 23
Pulmonary arteral congemital Io
sns 200212 214 215 22
75 W 229 237
Tequirements 119 (rpe Oxygen



Physiological Cardiolog)

Otthopnea (Conz )
heart fallure 17 54 55 80 &7
89, 108 100 192
valvular lesions 89 175 192
Orthostatic  phenomena 165 #
232 (se¢ Hypo ension ortha
static Vertical positton)
Osmotic pressure (collowd)
plasma 54 97 98
decreased 160 162
280
heart fadure 46 33 54 67
72 97 99 105
tissue 54 97 207
Ostatss deformans 36 37 218
Ostcoarthropathy  hypertrophic 235
(see Clubbing)
Ostcoporosts  hyperthyroidism 258
Ouabain heart falure 111

164 277

Qutput  cardac 32 (see Cardiac
output)

Oserdistention  cardac 156 160
186 194 196198 227 252
278 281 292

heart failure 29 35 41 51 73
103

Osereating, 47 91 279

Overexertion 10 13 14 153 214
221 247 278 279 28(

coronary ansutficiengy 119 129

137 268 279 288
heart farllure 38 51 79 83 85
91
Overnutnition 281
local 216 235
Oxalate blood increased 72
Oxidation 65
cellular decreased 18 110
Oxypen
absorption heart falure 70
admipistraion 2C (9 93 122
138 172 178 229 231 257
254 273 787 (see Oxyppen
100%)

284

350

heart fallure 64 75 84 98
109, 110
alveolar 73 83 109 110 2j2
decreased 73 83 248 254
aortic 209 229
artenal 17 34 56 75 118 210

211 2.8
congenutal lesions 213 221
223 226
heart falure 7375 83 85
92
decreased 21 68 69 87 174
138 175 178 189 705

225 266 268 270 274
oaerase 175 178 226 231
216 248 270 274
heart falure 73 81943 90
92 93 138
morbus caeruleus %

26 729233 235
278
pulmonary diseases

219
237

68 92

138 719 243 246251
253 255
increased  treatment 81 90
congental lesions 231 237
236 237
oxjgen 84 138 31 237
744 253 254

atral
left septal defects 722 723
225
congemtal lesions 210
211 222 277229
bone martow  decreased (5ee Hy
poxa bone marrow)
capillary  decreased 74 93 94
98 233 249
carrying capaaty blood 730 51
HT 7735 (ee Hemoglobin
blcod  Hematocnt)
consumption

nght

carduac 33 40 111 15 16
18 145 153 217 240
259



Subject Index

Pernanteritns oud sa 242
Pet caed al
adhevions 203 47 208 (sce
Pencard tis - constrictive)
aalafication, 199
ity pressutes 199 & (see In
tapenicard at pressures)

compression 89 108 113 199
£ 204
bypc enson 164 200 01 o4
efuson 9 80 161 192 199
§ 204 263
hemorchage 199 200
1 tants 133 203
Pericaediis 15 89 1ot 199 208

(ee Meduastinopencarditis
Per cardial effusion)
constrct e 75 199 200 203 f
209
cxper mental, 101 0>
¢ berculous 199 203
ureme 161 162
Per nephr s hypectens on 149 162
Pec pheral blood flon 56 137 204
240 241
debt, increased exercuse 56 75
¥

03 208

78
decreased 16 130 131 178 213
22 41 &2
heart fulue 56 74 76 93
00 310
nereased 106 112 130 220 233
24074 236 2p 264 267
seg; onal
artetal 166 184 215 217
218 M5 Mo 24¢
cnou 166 742
Penpheral demands  neceased, 19
201 227 32 276 179 287
(e Omgen demands sncreqs
ed)

Pe pher § ischemia 123 139

178
18R 189 27
Pe pher b stasis 1¢ 9 apy 263
266

heart fadure 67 73 ¢ 89 93

Peripheral sascular resenves  de
areased anemia (Y
Penpheral vascular restance 35
regsonal, 167 86
hypertens 6 143 146 131
ol 108 15)
decreased 48 86
MO 1Y 130 14 46
132 157 138 164 18
185 197 % 68 272
183 RO 8T (ser Ar
teniolar sasoddatation)
congenital lessons 214 236
17 240
dregs 86 106
140 149
Bypotension, 166 367 169
70

102 108

109 1

wcreased 29 44 45 47 gpg
MIMC 156 152 434
159 189 200 219 230
28 24t 243 244 272
273 (see Astenolar vaso.
Lonstriction }

Penpheral vasoconstichion, (9 201
07 22 240 (e Anerolar
vasoconstriction)

local 118 135 167 235

Perstals s intestinal 70 28¢

Pentonea) lavage 163

Perspiration  insensible heart fat
BFE 20 {re¢ Smeating, shin)

Petet mal aorc stepo 55 189

Per hlar dince 213 23y 224
237

PH blood 74 g4 g5 104 119
122 248 234 259

Ph:nolsnlphonphtbalcm excretion 63

Pheachromocy tomg 123 148 149
133 167

Phesentasis hypertens on, 150

Phicbagrams (e Veqns Tuguar
Pulse waves)
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Physiologrcal Cardrology

Oxsgen requirements (Cons }
demands  Perspheral de
mands)

reserves
cardiac  decreased  heart farl
ure 30
renal high 64
tissue 261 273
decreastd 74 76 239 269
279
supply 81 89 117 138 237 266
tenston 253 269 270 °73 275
tissue 83 109 229 233 257
decreased 74 83 178 241
263 266
uptake (see Oxygen consumption)
utilization (see Arteriovenous oxy
gen difference)
qQuottent ancreased 221 222
248 {see Oxjgen consump
tron per liter ventrlation)
scnous 56 69
coronary 33 115
jugular (cercbral) 33 83

hepatic 33
mixed 33 34 64 85 210
211 212 233

peripheral 8 33 115
decreased 16 18 2t 98
250 266 267 271

heart falure 73 74 83

want 16 84 266 267 273
Oxyhemoglobin 138 775
dissocation 234
decreased 90 734
275 287
increased 89 234 250 257
266

6 274

P

Paget s disease 36 37 218
Pan 140 153 287
coronary 119 £
pectons)
muscle aschemic 119
pencardial 120 201
precordial 193 240

Dustress precordial)
Pallor shin 16 21 48 130 18
184 189 19¢ 201 M3 2?
223 241 243 269
Palpitation 19 165 182 240 769
276 285 288
Panhypopstuttanism 164 265 781
Papavenne 19 25 27 357 59 137
139 244
Papillary muscles lesions 181 268
Para aminohippurate 33 (3
Paracentesis 31 70 72 190 02
{(+ee Thotacentesis)
Paradoxical embolism 743
Paraldehyde arculation time 57 59

(see Angina
120 122

288 (see

85 Paralyses morbus  caerulens 232
ncreased treatment 84 109 (s ¢ Hemipareses)
u2 Parisystolic focus theory 1%
portal low 71 Parednine 170 124 177
! ) lesions Paresthes: shin 216 229
210212 222 228 929 Partuniion 91 176 24> 278
231 237 Patent ductus artenosus 35 167 14
renal 33 61 74 212215 217 27 225 2 (
vens caval 710 277 22) closure 14 213
ventriculac beart failure 77 214 215
Teft 225 229 Patent foramen ovale 209 220 44

nght congenital lesions 210
214 222 %5 727 28

229 237

( ee Interatrna] septal defect)

Pellagra 84
Peatobarbatal s :dium 141
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Subject Inder

Potassium, thiocyanate  (Cont }

pace  Extraccllutar  fluid
lume)
ussue, 7 i4

ougty T 9 13 19 38 10

12101 196

weament ¢ 27 77 103 104

unne 105 160 (5

Precordial feads, 10 12
32 %7

Piccardial tenderness 288 (sce Pan
precordiat)

Pregnang 37 167 18
78 19 283

heart falure 3538 61 278

wsema 154 158 162 163 8

P emature ccntractions 14§ (ree
Ectopic brats)

Preponderance  entricular
Strain  ventricular
d ograms
derance)

Prestr umoli Yypertension 146
4149 1% 15y

Pressor ¢ butances (ammes) 47 142
149153 17 39

Pre sorecuptot refl xes { ee Reflexes
pressoret pty )

Press 0 ( Afteral awal
traca dis¢ ntra catricular ve
a0us €(C Lressures)

Pressuse grad ents 43 49

124 4

4 273

(see
Electrocar
entnicular  prepan

artec ovencus Bstelae 203 216

mtacardy ¢ 4% & 0 1
34

bulm nary va cslar ¢ S0

seosal (bgh) 1 9% a1
enaus 1t he nf fure 48 (3
1)9 205
Prisc 1ne 48 19 54
Pexan 1% 241 273 g
hythmias 19 20 3 26 141
Procane mde 9 0 3 7 207

355

Progoathe m C arctaten «f 2 nr
40
Prgncws heart faure 38

Promlihucuracl  hyperthyrondisem,
261

Prosygrmine 13 22
Picten,
anab fsm 72 233

caubolum, 66, 72 713 6 U
162 273
dehcieney 38 2 73 100 137

edema Huid
puimonany hgh 92
seratal bigh, 72 80 98 9
207

tissue 98 99 105 160 8%
heart fafure € 67 98
99 160 07
mncreased, 36 98
205 M
restaction nephatis 162
scrum 105 190 203 (see Albu

n .3

may
decreased 70 73 160 161
21217 80 282
heast falure 71 22 97 114
192 207
stgrage heart fadure 72
tansudaten  S4 {5 e Fpotom

edema Buids)
Protheombia actvaty ke fadute

Poends angina 28¢

Pseudo truncys anen sus 3¢
Psychoncaroses 6 124 283 6
Pychows 53 324 131 63
Puberty delayed 222

Pulmonary
alvech 1o s 173 24¢ 247 249
apepixy mtral stencsis 17%

174
188 269 110 222 229 24
desreased 138 15 139 209



Phystologrcal Cardiology

Phicbothrombosis 102 242
Phlebotomy (sce Venescction Hem
orrhage)
Phonocardiograms
grams)

Phosgene cor pulmonale 245
Phosphatase alkaline 72 151
Phosphates 111 113 134 161 198
Phosphocreatine cardiac 31 32 76
134 261
Phospholipsds  plasma 126 195
Phosphonic aad 119 139
Phosphorus 23 31 196
balance negatne heart failure
76 107
Phosphorylation  {hexose) cardiac
261 282 (see Phosphates)
Pitressin 64 125 137 146

43 (sce Stetho

Pitustary
anterior
hormones (4 265 (see ACTH)
insufficiency 164 265 281

postenior  hyperfunction (see An
tidiuretic hormone  Pituitren)
removal 148 158
Pituitria 38 122
Placenta arteniovenous shunts 37
275 276
Plasma 98 99
infustons 44 142 162 171 172
substitutes 171 172

volume 67 105 219 232 274
(see Blood volume)
decreased 132 160 262 264
273 283
heart failure treated 68 105
107 108 112
ncreased 6 160 218 251

252 258 270 76 280
heart falure 67 68 88 100
101 107 112 132 160
207 206 252
Plasmaphoresis edema 280
Platelets (ncreased 274
Plethora polycythema vera 274

Plethysmograms 53 5¢ 1(§
Pleural cavity pressures 79 (see In
trapleural pressure)
Pleural effusions 78 79 80 8,
190 206 207 263
suppuratine 252
Pleurssy obliterative 204 252
Prcumocomosis cor pulmonale 252
Pneumonta 19 197 214 221 247
Pneumopenttoneum 237 254
Pncumothorax air embolism 245
Poseuilles law  hypertension 144
Polyytherua 93 108 193 219
228 231 232 233 250 253
255
Polycythermia vera 274
Polydipsta, 279 280
Polypnea 83 86 170 213 231233
270 287 {see Respiratory min
ute volume 1ncreased)
Porphyrinunia heart failure 72
Portal venous pressure 71 197 202
206
Postion
changes 86 f 165 ff 185 188
220 232 289 (see Head up
Head down vertical posttion)
lateral left 86 245
Positave senous pulse 191
Postoperative (see Surgeny)
Postpartum changes 278
Postural hypotension 166 fI  {1ce
Hjpotension orthostatic)
Potassium
balance 62 7(
cardiac 134 282
changes 13 14 161
clearance (see Potassum urine)
loss 38 76 77 105 765 280

102 134

restriction 148 157 163
serum
decreased 13 7¢ 9C 113 161

wncreased 13 27 73 103 122
134 161 170
thiocyanate 157 (see Thiocyanate
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Subject Index

Wmonary conge t o (Cont }

atne 96 14> 20 07476
7

ung,zmm fesons 213 215
221 23 025 227 236
caocapiary (passt €} 17 21

75 89 101 231 742
expenmental 87 90 ff

I

heart fashure 44 4 48
91 52 60 69 13 7T
ff 81 82 8587 93
00 131 13 142
156 186 200 201
4 20€ 225

alvafar lesions 174176
177 179 181 189192

decre sed 108
heart failure treated 94
39 108 110 112
nereased 80 88 142
lack of 190 191 20 780
qystic duease 252
dseases 14 3¢ 68 82 124 204
W4 47 250253 255
edema 124 160163 171 198
m

heart falue 19 21
81 8 90 f 108 109
121131 1 13 342
14 134 176 181 186
78 283

fastic ty (dastensib i ty) 110

decreased 78 Bl )48 249

270

mholsm 8 164 242245

cmphy ema 246§ {sec Emphy
sema pulft nary)

fibro tefectasis 252

fibrosis 69 175 296 248 250
52 f

teant dise ¢ 242 §f

b mor hage 175 232 233

7

byalmo 18 wremis 161

hypertensicn prmany 193 37
(sce Pulmonary atternl pres
sute wkteased}

incumpetency 16 193 721 7 4
P34

wfarcts o, 48 6( 69 70 81 193
21 233

sfections 19 38 197 14 21
227 233 4> 47 0y
nflow 8 86

wsufficieny 75 193 194 214
20 225 (see Pulmonary
competency)

tespiratory 214 222, 249 23
24

uschermia (a¢e Pulmonary  blood
flon  decreased)
lesions 73 81 84 137 20) (ree
Pulmonary diseases)
mutral stenosss 175 178 19

mixing, geses decreased 48
Tegurgstation 193
ngdity &1 85 &7 109 48
sarco dosis, 233
schustosomtasts 233
stenosis
congenital 226 f
A 226 Y30 26
combined leswns 226 228

230 232 733 235237
telatne 13 237
expenmental 191 133 194
27

theumatic 193 194
suppurstive disease 232
thromboembolism, 242 233
valvulotomy 227

vascular
bed, 82 220 211 246 277
fesons 233 237 242 246
32 2%
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Physiological Cardiology

Pulmonary artenial pressutes (Cons )
decreased  {Cont )
218 219 237 254
276
congenutal lesions
237
heart failure (treated) 107
109 112 255
increased 9 20 95 144
175 214 217 264
283
congenutal lesions 212
221225 227 237

255

215 229

cor pulmonale 193 237 243
247 250 254

drugs 91 96 112 142 150
244

heart fallure 46 48 79 85
91 92 112 156 200
205

valvular lesions 174 175
178 179 181 189

artenal  pressures  diastolic 4o

175 179 205 229 237
artenal pressures systolic 45 46
175 179 200 29 237 255
258 260
arterial pulse pressure
235
arteriolar
resistance 175 24¢ (see Pul
monaty vascular resistance)
sclerosis 175 176 193 221
229 237 246 253
arteniovenous fistula 219
arteqitus 233
artery 34
apastomosss  atoum  left 235
dilatation 176 257 259 270
congemtal 176 193 194
213 215 221 225 237
poststenotic 226 227
surgical 227

15 230

356

obstruction 90 96 193 242
ff 251 053
pulsations ncreased 213 221
224 237
thromboses 235 242 53
atelectasss 81 110
atresia 226 236
berylosts 253
blood flow 33 »4 210 211 217
237 238 250
decreased 79 107 219
congenttal lesions 215 726
228 230 232 233
pulmonary (artery) lesians
193 22628 231 243
245
increased 88 93
258 270
congenutal lessons 221 223
225 227 °32 236

09 219

types
capillary 211 218 730 245
collateral 211 2.0 233

effectne 211 230237 236
blood volume 60 85 175 180
decreased 77 109 166 204
tncreased 87 88 95 101 204
209 214 258 260

congemtal lesions 213 221
224
heant falure 68 77 81 92
156

capacity 77 ff (see Lung capac
ty (volume))
capillaries compressed 46 25
capullary pressures 175 179 210
227 246 (see Puimonary
venocapillary pressures)
increased 92 175 176
180 200 203
capillary sclerosis 253
capillary thromboses 246
caranomatosis 253
congestion

179



Subject Index

Reflexes {Coar)
atnal rghe, 83 142

autonooue, 133 133 §6
carotid sinus 57 58 By 9O
185 219 31 20

cerebeal (medullay) 8., 83 Y
130

Chusch I Cope, 87

depressor 717 (sec Reflexes,
peessoreceptor)

great vein 37 83

Henng Bre er 82 83 43 49

owulo agal, 165 {see Ocular pres
sure)
orthostatic, 165 86

pressoreceptor 3 6 2 47 30

130 165 170 196 00 01
204 243 266 267

Iack of 183 217 238

Ppropr ocepts & 83 B

pulmonary vascular 37 B2 177
243

pulmonocoronary 171 43

semsongenic, 165

agal, 6 82 8 91 121 136
139 165 177 219 243 286

vasadepressor syncope 165 286

Refractory per od, conducts ty
cacdiac, $ 7 20 23 74 27 136

177

m scle skeletal 13

Renal

arteral {pulse) press ;e 146
15 170 239

arter o enous oxpgen diference
33 151 1% 231

artery 105 107

const it 0 63 149

blood fow 33 104 16t 190

dcesed (rnal schem ) 17
65 101 140 158 159 161
163 164 166 170 251

755 266 270 280 87
heart fal re 47 61 6264

359

66 4 100 o 103
106 130 131 3., 0
06

Bypectensi o, 143 147131
157 158 16 39
valvulae lesions 177 187

189
increased, 0 .3t .38 O
65
heart falure teeated, 61 70
108 109 11> ¢

clearances, 33 (e Remal blood
flow  Glomerular  ltrabion
tate Renal hemodynamscs)
damage 66 73 148
discates  bypertension, 143
150 159 £ 162 163
falure, 9 13 15 160-163 1 0
m
heart fallure 64 66, 67 B4
103 105 113 114
glomerule, 61 66 (see Glomeru
lar filtration rate)
hemodynamics 61 § 103 106
150 158 162 2 0 239 287
(se¢ Renal blood flow)
mtersttial pressures 53 64
sschemaa (zelatine) 61 102 1.5
142 238 (see Renal blood
fow decreased)
plasma flow 33 101 106 73t
{see Renal blood flow)
retent on, salt, water 61 f (ree
Sodwm setent on Water re
tention)
tubules 66
concentrating power decreased
65 160 260
Elucose  reabsorptine
(Tmg) 105
aumber funct on ng (Tamp)
heart fulure 65 23g
decreased 61 63 105 147
152 139 161 162 163
170 263 70 280

149

apaaity



Physiological Cardiology

Pulmonary vascular (Cont )
resistance 213 221 222
227 246
decreased 86 158 175 179
209 219 244
increased 45 81 96 147
172 175 179 226 230
237 742 243 24¢ 250
vasoconstriction 45 81 96 17,
243 250 (see Pulmoniry
vascular resistance)
rems 80 88
anatomuc vanants 48

225

175 222

dynarics 44 48 91
venocapillary  pressures
246
decreased drugs 107
112
increased 46 95 96 214 244
beart failure 44 46 48 80
85 99 15C 186 200
nutral stcnosis 175 176 179
venous draipage (return) 86 87
209 213 214 236
ventlatton 79 102 222 230
(see Respiration  Respiratory
munute volume)
debt heart failure 75
intetference 73 78 81 86
248 249
maximum 7779 (see Breath
ng capaciy maximum)
Pulmonocardiac fatlure 252 753
Pulsations
artensal 170 213 216
cardiac
decreased 29 170 19C 00
203 "04 2°0 263
increased 29 153 225
Pubse (s¢e Artersal pulse)
Pulse defirt atral fibnllation 18
111
Pulsus alternans 47 92
Ventricular altesnans}

175 222
49 220

109 110

155 (ree

Pulsus celer 182 (see Artenal pulse
water hammer)

Pulsus paradoxus pencarditis 00
204, 205 707

Pulsus parvus et tardus 187

Pyeloncphnius 157 167

Pylorospasm  heart failure 70

Pyridoxine deficiengy 176

Pyrexta (1ee Fever)

Pyrogens hypertension 14¢ 157

Pyruvic aad (pyruvate) 119 139
284
ystemic ncreased 134 170 231
784
heart falure 31 73 °C 77
143 284
Q
Quinacrtne (atabrine)  arthythmias
26 27

Quinidine 141
arrhythmias 9 12 13 19 24
137 140 207
tonaty 2427 38 196
heart block 4 5 7 9 13 76

R

Radiograms 209 {see Roentgeno
grams  Angiocardiograms)
Radium—C crculation time 57 59
Raynaud phenomena functional 28¢
Reactive hypercmia 48 1 0 145
Rebreathing 174 (see Asphyaia)
Reaiprocal thythm 6
Recovery curves conductivity 7 0
13¢
Red blood cell(s)
fragihity (9 .33
mas O19 232 50 69 274
radivactne 57 59 67

235

transfustons  heart fatlure 198
255
Red blood count 68 69 °3° 236

242 230 274 276
Reflexes 47 118 173

220



Subjecs Index

Reflexes (Cont )

atnat nght B3 14

autoromic 133 133 86

artid sou. 3 57 38 83 90
W5 19 31 290

cercheal {medullary) 82 83 85

Churctull Cope 82
depressor 287 ee
pressareceptor)

prest van A7 83
Herng Brever 82 83 243 249
oculo apal 165 (see Oculae pres

Reflexes,

sure)
ortho tatt, 165 86
pressoreceptor 3 6 47 50

130 165 170 196 200 201
04 243 266 267
lack of 185 217 238
prepeacepe e 81 8
pulmonany suscular 37 82 177
43
§ tmanocoronary
sensor gemic, 165
vagal 6 82 5 91 1 136
139 165 177 219 243 286
vasodepressor synccpe 165 280
Refractory persod, conductinty
carkat, $ 7 0 73 24 27 136
17
mucle shefetal 13
Renal
mer@l (pulte) pressure 146
49 170 239
anenovenous oxygen d ference
B s A
ey 105 107
sonstrcu o 63 149
blood flow 33 104 101 190
dertaed (eenad sschemy ) 17
65 101 140 158 159 a1
163 164 166 170 81
55 266 270 230 287
heart £ olure 47 61 6 44

121 243

359

6 4 100 10 10
106 110 131 13 207
o6
fypertension, 145 14 132
137 139 12 29
Aahular lessons 177 187
189
nczeased 07 3 R O
65
heart falure treated (1 0
108 100 12 (2
learances, 33 (see Renal blood
fow  Glomerulas  filtration
fate Renal hemodynamics)
damage 66 73 MR
diseases  hypertension, 143 149

150 159 i 162 163
falyce 9 13 123 160163 1 D
m

heart falure 6% 66 67 84
103 105 113 14
gomerult 61 66 (see Glomers

tar filtration tate)
hemodynamnics, 61 105 100
130 158 162 2 0 239 287
(se¢ Renal blood flow)
mterstitial pressures 33 64
sschemia (telauve) 61 102 123
142 238 (s¢e Renal bl W
fow decreased)
plasma flow 33 101 106 >3
(see Renal bfood flow)
retention salk water 61 ff (see
Sodim retention Water se
tention}
tubules 66
© nentrat ng power decreased,
65 160 6¢
gluto e ceabsocpt ve
(Tmg) 103
number fanctioning (Trm, )
heart fature 63 258
decreased €1 65 105 147
152 139 161 162 163
176 43 170 280

capaaty



Phystological Cardrology

Renal tubules (Cont )
oxdation (enzpmes) Impaired
105 151

reabsorption  (salt water)

decreased 63 1035 106 112
113 161

increased 62 64 148
161 218 258 287
vascular reststance 70 108 146,
157 {see Renal vasoconstric

160

tion)
\asoconstrictton 70 108 146
218
arteniolar 64 165 218 239
251 270
heart fajlure 30 61 99 100
132 206 251

venular 61 63 65 146 149
venous pressure 63 146

decreased  (treatment) 106
108 112

increased heart failure 63, 64
99 202 206

work osmotic 102 158 162
Renin oserproduction 47 148 151
159 170 286
Remin activator 149 150 170 171
Reserve arr pulmonany 77 78 82
87
decreased 78 80 247 249 253
270
Restdual air (volume) 77 78 81
82 247 250 25% 270
Resins catton exchange 103
Resistance arterial (see Peripheral
vascular resistance total)

Respiration 26 709 787  (see
Breathing}
depressed 82 90 91 110 142

depth 82 85 90 (see Breathung
deep shallow)
increased (see Respiratory munute
volume increased Dyspnea)
Respirator  emphysema 255

Respuratory
aadosis 84 270
center stimufation 3 57 58 83
8790 231 249
qce 41 46
dynamics smpawred 70 78 192
cfficiency 7% 81 102 259 263
exchange (see Oxygen exchange)
minute volume 79
decreased 87 84 763 281
heart failure (treated) 88
101 109 110 112
nereased 16 21 101 23t 233
258 270 277 287 288
cor pulmonale 243 248
249 251 253 254
heart falure 35 51 57 66
70 74 78 8190 104
107 109
muscles
spasm  functional 787 788

weakness 259 263 279 281
work 74 8183 102 110 27C
277 279
quotient 74
rate 76 78
decreased (treatment) 55 82
87 101 109

increased 21 82 169 222 231
243 249 259 278 288
heart fallure 77 80 81 82
85 87 92 243
reserves de reased 8 78 79 740
249 259 261 279 787
stimulants 90 93
Rest & 37 51 33 175 188 246
249 200 82
bed 51 83 10t 102 123 141
166 247
Reticulocyte count increased 68
Reticuloendothelial system 72
Rheumatic heart disease 35 14
174196 272 277 {ser Myo
carditis  rheumatic  Valvular
disease rheuratic)
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Subject Index

Rhythm cardiac 3 4 (see Siaus
(hythin  Arshythmuas)

Rboflaune arculatin tume, 37 39

Ribs erosion, coarctatuen of o1ty
239

Rocky mountan p tted fever 197

Rocotgenkymograms 10 130 212

Gardist output, 34 180 184
heart farllute 47 97 00 704
b umat ¢ heact dsease 174 180

184 196

Roentgenograms cardiac 131 (34
it

congenttal lesions 227 30 233

heact falure, 98 39 60 131
Roger dsease 224 6

5
Sauchann Creulation ume 57 5%
9

Saliglates  theumatic fever 198
Saline 142 148 {see Flmds nta
enous saline  Sodium, toad
excess)
hyperton ¢ 96 97 B3 105 123
Salva salt he ot fadure €5
Salt
daress 103 107
hu ger 279 80
ubstitutes 103
yodrome fow 103 (se Scdum)
St cdacyly myocard 1 infasction,
133

Sle sderma, myocardial 136
Sedat © (edaun) 35 75 &)
10 153 156 (s ¢ Mosph ne
etc)
Sept b defect 220 § 224 f
Se ol
fson 54T 95 93 g) 273
pemabliity high 34 o 207
pressutes low 71 0B gy

Scrum U e kd snizar n 123
195

361

Serum sichaess, myvcardins 193
Sex, 125 164 236
Shock, curculatny 21 137 163 164
169 € 01 03 243 245 266
273
heart falure 33 48, 30 61 63

709 108 114 171 1)
wreversible 163 170-172
my Kasdal nfasction, 129 131
137 1% 142
tratment, 142 13 178§ 60
m

npes 167 169 T 171
candiogeme, 179 131 164 A9

196 197 244
hemorthagic 168 169 471
66

melal 164 171 196 197
Shouldes han} synlome 133 =
Shunts (see Imracardiac shunts At
ter ovenous fistulae)

Shicoss pulmanary 253

Siver mittate W PW syndrome 12

Suomonds disease 263

Sanoatnual block, 4 23 24 26 336

Y noatrial node 3 4

Swnws arthythmia 3

Sinus bradycardia (see Bradycardsa,
sanus)

$nus rhythm 3 5 13 18 3323
1223 262

Sung pouition S1 8789 108 368
(see Vertical posit o)

Skan 121 (ie Sweating, skin Tewm
perature skin)

blood Bow 257 258 ez 152

287

edima 68 257

pressure 97

vsoc B tncton heat falye sy

vessels distended s

wam, ted 133 216 240 2357
282 286

Skep 69 90 123 150 15y oy
173 185 188 (see Somnolence)



Physiological Cardrology

Smoking 14 103 124 126
Sodum
admunistration 103
balance negative 62
bicarhonate  uremia  treatment
163 (see Bicarbonate plas
ma)
body (see Sodium space)
cardrac cotonary occlusion 134
changes 14 161
chlonde 6163 etc
clearance (see Sodwm unne So
dium  retention)
cyamde circulation ttme 57 59
dehydrocholate 57 59
depletion 162 164 25
heart fasture (treated) 42 51
6163 65 67 95 103
106, 207
hypertension 146 145 150 155
157 158
intracellular increased 67
load excess
heart faillure 38 62 65 66
103 205
hypertension
161 163
radwoactive 57 59 60
reabsorption  tubular (see Sodium
retention)}
restriction (see Sodum depletion)
retention renal 17 73 165 177
197 198 218 251 258 263
270 271 280 287
heart falure 61 ff 6468 71
95 99 100 102 103 132
134 196 201 202 206
hypettension  nephntis 147
148 156 158161 1(3

146 148 158

serum
heart farlure 66-68 103
hypertcasion  essential 147
157 158 164
decreased 67 68 103 103
157 161 164

space {body) 6¢ 157 160
sweat 64 147 258
tissue increased hypertension 147
turnover  heart failure 62 67
urine 64 102 147
decreased (see Sodium reten
tion)
sncreased 6163 65 95 103
106 147 148 16> 163
220 765 280 284 (see
Sodium depletion)
Somnolence 165 170 205 227
48 274 286
Sounds arterial pistol shot 183 (see
Traube sign)
Sounds heart 43
aortic second
absent aortic lesions 183 187
accentuated  hypertension 153
156
apwcal first 7
accentuated 9 18 70 21 29
153 256 257 268 27
snapping mutral stenosis 176
sphit bundle branch block 11
12

atrial heart block 9
famnt 196 264
pulmonic second
absent pulmonic stenosis ? 6
227
accentuated 92 136 237 44
746 276 283
sphit 176 257 259 2(8 270
congenital  lesions °13
214 271 274 °37
fant 194 226 77
second
absent 2 4
spht 11 17
third fourth accentuated 46 171
183 757 27C
tictac 132 170 171 196 62
Spectfic dynanuc action 280
Speafic gravity plasma 105 117
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Subject Index

Sp nab anesthesia, 61 137 146 133
157 168 171 172
spioat cord 120 157
Spinal taps, 34 59 )0 107 138
Splanchn ©
antenovencus  cxygen d fference
3

3
bloud fow 33 71 143 (see He
p 1< Blood Row)
saseular tesist ace increased, T
145
Spl nomeg by cungestive 274
Sprue hypotension  orthostatic, 167
Squatung, 701 231 232
Staad ng 108 166 169 {1ee Vern
st po shon)
Standstil, carduac {see Card ac stand
stilf)
Starhog lan 152 138 171 106
03 17 220 235 2N 3
heant fadure 36 37 41 42 9
SU €8 107 108 110 113
Stavavon 13 67 72 73 157 279
282 83 288
penphert (e Penpherat
stasis Cap ay congest on)
Status angna us 16 141 { ¢ An
gna pect £ )
Stawang, bchdruck, 48
Stertty b art faluse 35
Ster d horm nes 7 103 277 (ree
Van us b mones
Stethogram 43 1 6 177 181 224

Sumol nts { ¢ H art stmulants)
St mad ds tenton (5 ¢ D stention
gatr at tnal)

Strain
tal 1 47) 23 (e Elec
 cardiog s atr | hyper
trophy}
cdc B0 M 21 g 0

7377279 (e Cardiac
work inc cased  Q erdist n
ta oada)

cnpenital Semons 223 2%
2% 278

Beart fadure 38 51 65 79
80 91 10¢

hypetenss o, 140 151 133

154 158 139 28 28%
mteal lesons 1,9 181 723
28
ventncular 11 12 (s ¢ Electro

casdi grams  semtnoular pre
ponderanie)

Jeft 153 154 181 28
nght 1) 24 260 7t
Staniog exestienal {ree Overexer
ton Valsahva maneu cr)

Sreptaoccys home lytcus 19%
Steess(en} 38 65 91 100 10
HE 151 193 16 1 (w8

758 285 i (see Stran, car
duc)

Stroke volume sentricular 113 15
180 212 239 240 36 (se
Cardiac vutput)
heact fatuce 33 38 4y 43
alvulas lesicns 180 182 18

183 189
decreased 1629 30 111 168
29 261 279 183 84 2m¢
arteral  resistance  increased
152 153 155 156
heart faluee 35 37 4y 44
129 131 196 200 gy

0§ 207
mueased 89 41 44 110 m
14 130 142 445 1,

3 AT WS 255 g
7215 282 284 pg
Strophanthm 110
S upac myxedema
nulcace)
Subcutaneoys fuids

(3 (ive Sim

ncreased )3

A {tee Eduma penipheral)

Subeu anevus pressuscs 31 33
98 169
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Physiological Cardiology

Sucainic dehydrogenase
cardiac 116 151
renal depressed 105 151
Sucking 214 221
Sucrose hypertonic 96 97
Sulphates blood increased uremta
161
Supernormal conduction 9
Supernormal phase exatabiliy 20
Supplemental air 77 270 (see Re
serve air)
Surgery  (operations
242 279
arthythmias 14 20 21 75
hypotension 16¢ 169 ff 288
Sweating shin 70

trauma) 3

absence hypotension (essential)
167

increased 16 149 216 257 738
279 287

Sympathectomy 20 141 167 283
hypertension 116 151 154 155
157 158
Sympathetic
gangha 120 141
stimulation 31 118 171
archythmias 14 15 1820 285
tone
decreased  hypotension
static 1(7
tncreased 119 130 133 36
146 167 785
Sympathicolytic drugs 20 27 91
789 {se¢ Adrenergic hlocking
agents)

Sympathomimetic drugs 118 142
170 172 {see Epincphrine
Pressor substances)

Syacope 172 747 81 286
congenttal lesrons 213 219 27
232

ortho

lypotension 8 16 21 131 164
166 1(8 287
valvulac lestons 178 185 188

189

Syphulitic (1ce Luetic)
Systole

electrical 13 43 (see Electro
cardiograms QT interval)
prolonged 37 153
mechamcal 7 13 43 116 117
128 143 153 (see Contrac
tility  cardiac)
valvular lesions
184 189 191
prolonged enlarged hearts 37
40 44 45 152 155 179
187
shortened 176 256
heart falure 32 45 110
129 155
mechanical  ¢jection  phase 45
110 152 180 182 187
mechanical  1sometnic  contraction
phase 40 116 117 152 187

T

Table T (blood flows) 32 33 115
Table II (pressures) 48 49
Table III (circulation times) 36

180 18>

58 59
Tachycardia(s)
cctopic 9 19 31 50 100 123
164 176 177 (see Atmal

tachycardia etc )
orthostatic 10> 172 786
reflex  absent 167
sious ¢ 172 139 149 1(8 170
171 204 213 217 243 751
254 25¢ 239 26( 269 °T1
83 285 (see Heart rate i
creased)
heart fadure 30 31 32 37
38 4¢ 47 92 156 01
202 o4 o8
hypertension 145 150 15%
155 156
theumatic heart disease 174
177 150 184 185 190

196
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Subject Indes

Tachypnea (1¢# Re parat 1y rate in
aeased)
Takata Ara test heatt faduce 72
Tapaole hyperthycoidism 261
Temperature
body 69 70 170 741 280 {4ec
Ferer)
ki 156
decreased 48 SC (9 93 166
197 241 762
wcressed 217 41 (ser Shin
warm ted)
subcutaneous, decreased 160
Tetany  hyperventdat on 287
Tetrsethylammon w108 109 244
594 m
blaod pressure 137
154 157 163 1(7
Tetralogy of Essenmenger
Tetralogy of Fallor 227

g 151
we 172
237 3%
228237

sutgical treatment 227 236
Thibesiao  essels cardiac 138 347
Thecbromine salts 106 107 139
Th ophylhne  (salts) 206 (see

Amunophyline}
Therapeut ¢ pneumtothotax, ar cm
betism 45
Th smine 57 59
deficenry 73 O6L 277 28 282
13

req rements inoreaed 267 283
284

pee (0 (7

T ocynate 163
L} E tacellalar flud
Tyme)
Thognat  hypertenson  (essen
vay 157

Thiomec a 10¢

Th owacl (compounds) 126 141
61

Thrt ncreased 279 280

Thoracentes s heant fadure 33 72
80 81

Thotsaie fymplt dust pres ares 00
Thotacoplasty 52
Thotwm, radiwacne 37 39
Thnlls
accuig, systlic, aostac stenusis 187
artc pulmonary  septal  defect
213
atteraal 210 209 (8
precordial systohic 224 68
pulmonic, congental Jewdns 217
215 220 228
Themhaangsitis «bliterans 74
Thrombotmbe hism 242 ff 216 233

74 9 At
coronaty occlus v 113 140 24
drugs, 2 106 113 198

heat faduse 69 10 10¢ 1A
42

Thyrord,
AV shunts bruas 37 237
treatmoent, myxedema 123 63
263

wRic T (cronany) 38 123 1 €
137 263 263 {s ¢ Thyrox
n

)

Thyrodectomy 141 261

Thyratorscosss 236 § {see Hyper
thy toudysmo)

“Thyrotropse
3m, 26

Thyroxia, 15 756 259 360 261
263 (see Thysoud)

Tidal air (volume) “880 82 87
243 248 299

Tiltog up 101 302 168 169 (ree
Vertical Postion}

Tastue pressores, 34 55 97 103
169 280 {1e¢ Subcutancous 1n
Mamusculat pressures)

strosal low 71 98 201

Tissues soft o ergrowth, 216 235

Tohacco 14 10y 194 126

Tocopher 1 deficiency 73

Tourn quers release 83 (s¢¢ Veno.
stasis tourniquet)

harmone  hypopatuitar
¥

365



Physiological Cardrology

Toxema of pregnangy 162 163
(sce Pregnancy toxemia)

Toxemtas infectious 235 242

Toans cardiac 3 35 39 96

Trachea obstructive discases 204

Transfusion blood 273 (see Blood
transfusion)

Trapsfusion kidney 163

Transpositton great vessels 231 233

Trapsudanon flud 55 (see Capil
lary filtration)

Traube sign (Doppelton) 183 257
269

Traum1 14 IS0 153 747 268
cardiac 7 38 50 352 90 96 198
hypotension 164 167 169 171

288
Trendelenburg position 172 245
{sce Head down position)

Trepopnea heart failure 80

Tuchinosis myocardial 196

Trnchterbrust 257

Tracuspid
disease 190 ff 206
incompetency 29 192 244
msuthcieney 51 190 22
stenosis 89 190 ff 230 236

Tnlocular heart 233

Tufogy of Fallot 727 228

Trophic changes (ulcer ) 133

Truncus arteriosus  persistent 233

Trypanosomiasts myocirdial  19¢

Tuberculos:s  pulmonary 227 252

Tumors cardiac 7 (ree Neaplasms)

Turbulence blood flow 187 217

26 226 257 268 783

u
Ulceration 133 216
Unconsciousness ~ Adams Stohes  at
tacks 8
Usdesoutnition 279 (ree Diet low
caloric)

Unipolar chest leads 10 (ree Elec
trocardiograms  precordial leads)

Untraned persons 76 579 258
Urca 66 104
blood increased 65 134
clearance heart falure low 65
load nephrtis 162
Uremia 9 13 160 161 167 163
170 (see Renal faslure)
Unic acd
blood increased 66 120 134
unne ncreased 105
Urine
alkaline (Diamox) 105
dements heart falure 63 65
specific gravity 63 11
volume 67 147
decreased 6> 63 65 101 1(?
1¢3 (see Ohguna Aouna)
wncreased  (see Diuress)
Urobilinogen urine  heart fadlure
69 71 M2
Uropathies obstructive 162
Ltcrus pregnant 275 277 778

Vagal v
stimulation 87 90 117 121 167
172 195
arthythmias 3 4 6 9 17 15
19 70 22 23 24 259
260 28%
digatalis 23 24 27 112 113
tone 167
decreased 74 25 77 119
Vigommetic deugs arrhythmrs 193
18 7> 23 27

Vagoparalytic drugs 6 24 25 77
91 139 140 172

Vagotomy 19 8> 83 91 117 171
219 243

Vagotonia (r ¢ Vagal tone mn
creased)

Valsalva manewser 12 22 51 9
153 200 217 219 278 °8C
{se¢ Overencrtion)

Vahes (nngs) 7 20 29 43 4

%7 (8]
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Subgect Indes

Val es (nngs) [Cont 3
feft heart, A1 4% 1 6 182 183

186 238 268
nght heast, 11 43 1¢ W91
2t
Vab wlar
dunense thesmat £, 124 174494
198 2
heat faduee 29 31 32 35
178 179 181 135 18
191 194

fesions 35 41 4% 32, 96 (eer
Aortic mitral, et )
Vabuloomy 179 227
Vangose vens {fee Vein
Vascular
reustances {320 Per phteal vascy
far 1es sanee)

varko )

sistem  capacty  vereased  EE
177 158 269

Vasocopstriction  ge eradized 96
18 W3 Y 10 172 29
62 (1e Arterclar  asocon
suaon nstEmic vems  aso
(SRR TOONE

Vastconsy A0t

aenves  sumaf mon 85 free

Sympetintic sumataion)
substances [drugsy 149 139 1)
P essor s bstancis)
Va adepressor matet ab 64 85 {ser
VDM)
v soddatation { e Penpheral s
Alatatron )
Vasod Sator
drugs S0 10T 104 568 244
(¢ Varow deugs)
merwse (3 38 4T 172
Vasoexc £ r mageral (see VEM)
Vascmot 1 changes myocaedial u
facein 133
Vasomadt tone  {ree Per pherg)
wseular reaistance)
VDM (feccta) 64 139 39g
V coteardiograms 10

Victoes 3% 10 11 1
VEM 47 130 139 170
Vains
angos 80 192
cmtrad dymamugs 37 83 9% B¢
1g 13?7
colfatesal 97
dermal congeston, 93 193
tand, distention heart fadure 30

bepatit <Omstnction 71 131
infenot  ena ve bstruen n
65 71 §7T 13 DY
as

intestharac obstruction 707 08
1apadar
Mung, 50 00 201 04 0%
0 244
ibstruction, 64 89

pulse waes 7 9 AN 193
199 227 18
ahythmizs 17 18 0 2
23

hob obstruction 6% 46 57

pessphera) cothspse 133 244

Postal obstruction 70

wgonal AV fstula 215 257

renal con wmenen 6% 43 (49

saperfical  congevwon 8% 93
68 193

superor ena Givi 393 222 (see
Vans cental)
obstruction 89 205 06 210
BM L Engestion {stasis) 52
233 35

heart fature 47 38 50 33 93

80 68 23 100 103 WR
13

2y 208
sheamalic heat disease 1 1
190 185 590

tengue  disteation beart fajture
50

vihes 48 97 288 115
vaeicose, 166 168 247 279
vienstrict on, 160 165

214
209 271 286
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Phystological Cardiology

Veins  vasoconstriction  (Cont )
beart falure 30 S0, 51 99
132 200
vasodilatation 50 51 164 168
169, 171 173 197 216 218
282
Venesection 42 157 158 168 219
244 254 265
heart failure 42 50 51 54 &)
90 107 108 137 142 "03
207 255
Venoartenal shunts (see Intracardiac
shunts right to left)
Venomotor tone (see Vens  viso
consteictioa  vasadtlatation )
Venostasis  tourmiquet 42 47 50
St 56 69 88 107, 108 (37
142
Venous
filling pressutcs {see Atrium right
effective filling pressure)
hums jugular 257 268 282
plexuses subpapillary congestion
52 93 168 193 201 205
233
pressure
abdominal 63 70
azygos ncreased 80
brachial 48 277
central 97 130
increased 132 133 164 244
281
coronary sinus 197
femoral 1ncreased 48 277
hepatic tncreased 71 202 206
jugular increased head low 89
legs {increased) 70 97 98
108 168
pedal 57 168 238
penpheral 13> 170 (see Ven
ous pressure brachial fe
moral  legs  pedal 5
temic)
portal ancreased 71 192 202
206

368

tegional AV fistula 216
renal 63 (ree Renal venous
pressure)
systeuc 8 1719 36 37 49
107 113 122 132 144
"08 214 240 247 256
264 270 274 288
heurt fadure 78 3¢ st
52 53 54 60 80 11)
decreased 50 51 92 96
130 131 142 160 169
170 219 2 0 266 273
280
drugs 86 105108 110
12 703 255 273
heart farlute (treated) 48
51 52 54 68 70 81
86 89 101 103 105
110 112 207 203
207 220 °3% 273
increased 18 19 21 22 35
66 96 142 148 171
172 180 198 216 218
264 271 278 281 282

28¢
cor pulmonale 89 242
244 245 247

drugs 148 172 198
exeraise 102 17¢ 245 771
Auids intravenous 44 95

142 203

heart falure 29 30 39
46 47 43 & 53 54
s6 62 65 (( 68
70 71 80 8893 95
9 i 9910° 110
132 156 160 163
17¢ 179 190193
199 ff 202 203 205

06208 218 227
vena caval obstruction 89 101
pulse 217 (see Vemns jugular

pulsc waves)

return 16 168 (see Pulmonary



Subject Index

Venous geturn, (Cont)
venous dranage Tuadac w
faw)
beant faluce 37 11 &2 50

31 55 61 68 8D 82
decreased  §9 223 40 82
284 88
heast fadute 34 47 19 82
107 08 1o 199 &
o7
fyporension 163 163 163
1o
myocardial  nfarct on,
13 842
ncreased, 123
12 173
29 261
278
congennal bes uns 221
FRRERN

RE2

133 142
sy
%7 2M

153
256
m

27

camphysera 7 130 251
heact faluce 37 41 44 43
49 70 79 &L 83 91
96 102 200 04 203
Voot e
it S1 16 3T 183 190
antury m pfarct on, Y%
cufondty ceatficieag W28 129

bypodiname 129151 1356
1 ¢ Hrar hypodynam ¢}

topopt 10 2 33

aflow L4177 180 2124

b teucton o

presutes ( fe Intaventr audar
P essures e}

wopwie it 131 U8 4

®eght 710 73

ekt %0

phata a¢ mbolsm 74y

4 wmbiy gear 220 )

typplas tiwpd  stenost
2%

Peouns 4F (1 e g enyc e
2 prassures ¢ ghy)
weght 1p

369

entneulat

afterans 18 47 92 132

achgchmuas 19 27 (see Atrhyth
mas ventocutar)

asystele Adams Seches, &

wtopis £ 131 19 20 73 23 26
114 136 8y

excuabilty nereased, 9 19 O
113 136

finliaten, 8 2 19 22 22 3
6 106 136 158 83

prspondurance {ser Eloctrucatdio-
grams  catagular prependes

soce}
nate ateat fbnllawon 3 32 23
4
asan, 1112 {iee Stwan vea
wieular)
tuhyeasda, 6 B 22 13 (8 19
W2 37 16
o1 283
Veaatrum sinide
158 254
Vert @2 posiwion, 6 164 230 237
{2 Onthastaucy
beart falue 3688 93 10h oz
w8

ders atves 137

bypuiconion 165§ 168 6o
266

Vertige fuactonal 286 {iee Dirzs

ness)
Visesal, 113 118
blood flom 219 30 1n1 L2e
Coronary hepatic reaad gig
Bived Bow)

diteauon 120 171
wdima feat faduse 51 35 47
87

nfacction 69 7o
Viscosty blood b9 244 45 130
decressed 142 37 263 267 %9
2%

maeaskd €9 140 169 170 2352
3342 246 250 257 253
6% 24y 273 1y gy



Physiological Casdsology

Vital capacsty 19 79 85 89 107
109 122 213 77 287 288
decreased 17 18, 21 88 175
258 263 27t 274 277 279

281
cor pulmonale chronic 24§
249 254 279 281
heart fmlute 00 66 74 78,
80 8v 88 97 95 132
156 192 201 206

increased  heart talure  treated
&1 8 87 107 105 108
108 11 .07
Vitamm B

deficiencies 73 282 ff
requirements ancreased 262 783

Vitamun deficencies 113 280

heart faslure 38 73 76 102
Vitanun E denciency 73
Vomwing ?1 22 70 77 121 10

163 43
w

Water

body total 66 67 95 105 157

275 279
capillary filtration 54
encretion  delayed  pre cclampsia

163 (see Unne volume
{iuresis)

mtoxication 147

load excess 66 67 103 147

W1 163
los lungs heart failure 70
restriction 103 163

Water hammer pulse 182 (see Ar
tenial pulse water bammer)
Waves  electrocardiographic
Electrocardiograms  waves)
‘Weakness tuscular 8 16 19 165
170 251 262 264, 769 279
283 284 288
cardiac 76 (see Myocardial weak
ness)
congenntal lesions 213 21¢ 220
223 230 231 241
heart falure 35 76 77 81 99
102 163 132 201, 204
rheumatic heart discase 178 189
192 196
Weight,
body 28 115 154 157 216 775
280
heart falure 66 67 95 100
101 105
himb increased  heart failure 96
viscera 33 280
Wenckebach block 6 (see Atrioven
tricular block)
White blood count
242 273 M
Wilson (V) leads 17 (see Electro
cardiograms  precordsal leads)
Windhessel 143 239

(see

sncrea ¢d 133

Vv olff Pashtnson White  syndrome
12

Work capaaity (see Exerae toler
ance)

>N

X rays {sez Roentgenograms)

retention  tenal 17 147 15C e et ey 90 104 106
159 160 165 218 251 263 107 139
270 780 287 Xanthomatosis  cholesterol deposits
heart failure 61 ff 66 68 71 126
2% 99 100 132 134 196 Y
202 206 !
ussues  ncressed  byf Yeast hyperth Ji i
147 2
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