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Tie Ciba Foundation, 2 umque mternational 1nstitution,
awes it meeption to the generosity of CIBA Limted, Basle.
Howeser, beng established under British trust law, 1t enjoys
complete ndependence 1n practice and policy.

Under the gudance of its distnguished Trustees, the
Foundation offers accommodation to scientists from ali over
the world at its home i Portland Place Foremost mn 1its acti-
vities 1s the 10n of small confs

» the p

of which are pubhshed in book form i the manner of the
present volume The Foundahion convenes many other m
formal discusstons between research workers of different dis
aplines and different nationalities and each year mwvites an
fasmdan AL oa s 3t ‘ B

Ciba Foundation attempts 1n every other way possible to ad
scientists, whether they be Nobel Laureates or young grad-
uates makang thewr first ongnal contnbution to research

The purpose of the Ciba Found which 15 to p

u Aextutaptus) holdsng a medical caduceus, and three regular
hexagons for chiermstry  Its donuerle 1n London 1s indicated by
the red sword of St Paul and the Bntish lion; the wyvern
and the crozier, symbols associated with Rasle, refer to the
sponsoring firm located in this ancient Swiss town
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PREFAGE

Earty 1n 1954 the Trustees of the Ciba Foundation desig-
nated fundsover o penod of five yearsfor the encousagementof
basie research relevant to the problems of Agemg  One feature
of this specia programme was to be the orgamzation of small
international on hines harly known at the
Foundation in regard to other subjects mn medieal research, to
assemble and consider such miormatson as could be gathered

ter oo

AN

‘

. .
ww yostins  1B¢ aruslees now suspend the koundation's
speas) stimulation of work 1n this field  The Director beheves
that considerable attention has been drawn to the many large
£aps m knowledge which must be filled before the postpone-
ment and amelioration of senescente can be realized Research
w'nr'x‘m, shou\ﬂm:\vbe\eit tothewr task, the size andimportance

programme of the Foundation
The Director and his co Editor wish to place on record with
these p dings the wmdebted of the Found

e and
f!}e‘rz‘sel_ves to Professor Damelh and Dr. Comfort for gving bfe
' e, . “

sauantyne & Co Ltd for mimmizing, without shimpin ;o
) or
harassment, the delay n pobleation n this dffewlt yei!‘. ¢
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of the dwviston of causes of death 1nto tno lands, those due 1o
chance and those due to detenoration

Tt was soon evident that such a relatiely sumple law would
not represent mortality expenence throughout hfe and sub-

sequent develof Yed to the proposal of more p
mathematical Telationstups between age and the {orce of
mortahty and even of different rel hips over t

parts of the age rage Thiele (1871) for cva‘mple proposed
=0y €700 40y ey g 2

t winch the last term 15 a Gompertz curve to represent old-
age mortality, the first a decreanng Gompertz curve to
sepresent the mortality i chidbood, and the middle term &
notmal curve Perks (1932) mntroduced & mew family of
curses in the general form

_ A4Be
b= BT Do

and rationahzed this procedure with some interesting speeu
lations on the theary of mortality He {ound an analogy
between the “mability to withstand destruction™ of Gom-
pertz and the then current phy sical concept of entropy change
—-the measure of the tume progression of a statistical group
from orgamzation to disorganization  Perks also referred to
the grevious work of Karl Pearson who fitted overlapping
curses mot 10 the foree of mortality but to the curve of
denths, the cunies being intended to reptesent the wmortahity
of old age muddle e, youth, childhood, and nfancy, the
causes of death being different 10 these different perm:is of
Iife Peths pointed out that thus search for homogenety 1n the
pattern of cavses of death might lesd to endless subdimon
oo " e e
[ 'H;‘Nuu nddy =] galdr
The continuous curye of (eeds it cxlled the curse of deaths,



ACTUARIAL ASPECTS OI' HUMAN
LIFESPANS

B BenJaMIN
General Register Office, London

Acruaries have always been profoundly interested n the
variation in the nerdence of mortality with age sinee many of
therr caleulations of contingencies depend upon this variation
The study of this age variation in mortahty has given rise to
a number of hypothetical “laws” of mortahty based on
theories about the exertion on the human body of deleterious
influences or about the wearing out of components of the body
and the exhaustion of hving resources These theories date
from Gompertz (1825) who argued on physiological grounds
that the intensity of mortality (in his terms the average
exhaustion of man’s power to avord death) ganed equal pro
portions m equal intervals of age and Makeham (1867) who
introduced a constant component as well as a logarithmically
increasing component of the force* of mortality as a reflectron

It

(-
—
(4) ¢z the chance of dying between exact age x and exact z + 1
( _ %
=5
Note pPztgzr=1
[
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ter, 1 o discussion of anather paper on fitting o mathe
m‘:ca\ law to I, of the mortahty table (Ogborn, 1953), Perks
ted that 1o the probability models of the
bxg?oglcal field and the data of smple populations was the
only way 1n which an advance would be made in the develap
ment of 2 satusfactory theory of  hfe table It s a pity that
this suggestion has not yet been exploited as, 1f hnhed with
the 1dea of loss of bologeal organmation, 1t seems to the
present author to open up an important Line of approach But

we ate straymg from the objectss e of this historical mtrodue
t

100

In 1954 Phillips returned to consideration of the curve of
deaths and hypothesized the exstence of a hasie curve of
deaths ‘to which all curves of deaths are, as 1t were, stniving
to attan

Clarke s dusision of deaths mto “anticipated” and “sene
scent” has been further developed by Bamett {1955 and
1938) but applied to the force of mortality, not the curve of
denths  On the basis of cause of death groupmg and the
sctual shape of the curve of ohserved age Tates of mortahty
!}am‘ctt distinguished several different groups of anticipated
deaths

Ve may now return to Clarke's paper

The earlier approach

Thast & s
the = Yos
bys = st tiery mdividual carred with him from
birth a genetically endowed term of bife beyond which 1t was
impossible for hum to survive, and that 1f we knew these
terms for ever

Ty member of the population we could fo
{requeney distnibution similar , etone

to that of any other biometrie
qtfmtl;utg This dstobution sould represent a huniting form
:}m t\chcuru: of deaths Cluke went further and supposed
s dustnbution would not shuft as a whole toward later

g of
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of the curve of deaths into component curves and that 1t was
questionable whether such subdivision could be theoretically
validated Nevertheless he agreed that one important case of
sudden change of composition was the rapid transition between
the period of physteal growth and the adult period “In the
adult period we appear to be subject to a continually 1nerets
g disorganisation or ‘mability to withstand destruetion’
while 1n childhood we appear on balance to gain orgamsation
or ‘ability to withstand destruction’”

Whle further worh continued on the fitting of mathematical
functions to the force of mortahty, y,, attention was focused
on the curve of deaths (1¢ of p, /) as an alternative operand
by a paper by Phillips (1985), though thus was not yet to be
taken up Mennwhile, tahing a closer look at the concept of
deterioration, Rich (1940) esolved a theory of mortality
based on an analogy betwecen degrees of health and degrees of
temperature  This gave rise to a health frequency distri
bution™ (2 conecept close to the present view of biological
normabty as a dispersion of charactenisties within broadly
separated lmuts), and changes of rating within this distribu
tion could be regarded as forces of deterioration or of recupera
tion A “natural Iaw of mortality” emerged from which
Makeham’s and one of Perhs’s functions could be derived as
special cases

Clarke (1950) took up agamn the analysis of the curve of
deaths He argued that mortality improvements had not
extended the natural lifespan but had only allowed more to
achieve 1t He distinguished between “anticipated™ and
“genescent” deaths, the ages at death n the latter group
were measures of natural hfespans and had a frequency dis
tribution Jike other ammal charactenistics s paper formed
the basis of the present work and s hypothesis will be re
ferred to agun presently

Beard (1950) also pud attention to the curve of deaths,
using the incomplete gamma function as the basie analy tical
function
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approximation 10 the cusve of deaths (d, 15 of cmusw; dxs'écm

nxx’ul:wus shale the “ourve of deaths™ 15 continutaus Tthas rzeg

assumed that d, = eq Lap) The c\mehz.x-s then | heen treate
Teaw ® s

-~ .

-

TR W w g e w o w W

F19 1 Cunveotdesthy, Tnghsh Life Table™o.1 1881 Males

sde of this distnbutian has been drawn an (broken hne i the
figures) to exnetly rowror the right hand side It 1s thus

assumed {unbhe Clarke) that the hiometne distribubion af
tbesnans e armes b .-

st '

:‘ . oo Ve
« vy W0 2ro ot the peak of the senescent

deaths In effect 1t 1s assumed i Frg 8 that no deaths hefore
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ages, 1¢ that the modal span of Iife was invarant, he re
Jeeted the possibility as “intangible speculation” outside the
practical frameworh of lus study, namely the relatively short
term trend of mortahty Deaths were then divided into two
categorics, namely those which happened beeause the term
of the ifespan had run out—senescent deaths——, and all others,
whether from aceident or disease, which were m faet a cutting
short of the hifespan-—anticipated deaths He first obtamed,
therefore, o inting curve of deaths by constructing a table
of mortality in wlich the g, (probability of death between age
2 and age z + 1) column would consist of values {g}) appro
printe only to causes of death which could be regarded as
senescent  The next stage was to prediet the pace at which
actual rates of mortalty would m =~ given future peniod
approach those of the limiting table It 1s not necessary to
discuss this aspect here

Clarke onginally intended to define ‘sencscent™ deaths by
choosing certain degenerative discases (¢ g cerebral vascular
lestons, myocardial diseases, angina pectoris, arterioscleros:s,
other diseases of the eirculatory sy stem, bronchitis, nephritis),
but he naturally found 1t diflicult to sclect discase groups with
sufliciently speeific reference to degeneration  Ultimately
therefore he arbitramly assumed ratios of g2fg, nsing from
0 05 at age 20 to 0 10 at age 10 0 20 at age 50, 0 70 at age
70, 1 00 at ages 80 and above

This limiting curve of deaths was not symmetrical There
was o sharp peak at age 80 with o tailing off rapidly on one
side to age 100 or so and on the other side a rapid decline to
about age 60 and then a much slower tailing off to age 20

The present approach

The present author’s approach has been even more arbitrary
and pragmatic In a particular hfe table the values of d,
(deaths between age & and z + 1) have been plotted for
every value of 2 1n the table (I'gs 1-8), thus producing an
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arguable and it s proposed to adopt the latter hypothesis
here.

The data vused

The snalysis already desenbed was apphed to three national
tife-tables (for both males and females, though Figs. 1-8
relate to males only):

G &
I E) [ ® Y

Fio 3 Curve of geaths Tinglish Life-Tshle No. 11 1930-1052. Males,

T - total deaths

- -~ senescent deaths.
~ = =~ soticpated deaths
Fod o p amoes -
oo - ", omptled by Dr,
t e e «* Tt differs from

2.

e e " s wi voth mal
el jies Start wath & radex of 100600 bt - ot 0 ‘;fs and
R I ; -
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age 55 and all deaths after age 76 are senescent It 15 hoped
that this brash sweeping aside of the honest festimomies of
millions of medical practitioners which nre recorded in the
vaults of Somerset House will not give offence It 1s of course
o moot pomnt ns to whether any death after age 76, even

~

AN

10 20 % 40 80 60 7 80 ” 0o
Age
Tic 2 Curve of deaths Fnglish Life Toble Mo 8 1010-1012 Males
total deaths

sencscent deaths
_______ anticipated deaths

allegedly due to some accident, 1s other than of semile orign,
but some deaths before nge 55 are of degenerative ongin and
at age 55 Clarke assumed that 20 per cent of them were
“senescent”. Whether tlus degencration 1s senescent in the
sense of the completion of o genetieally endowed lifespan or
whether 1t 1s the cutting short of the span by departure from
optimum environmental conditions and behaviour 1s at lenst
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arguable and it is proposed to adopt the latter hypothesis
bere,

The data used

The analyss already deseribed was apphied to three national
Iife-tables (for both males and females, though TFigs. 12
relate to males only):

L I

)
“_"“ i3 & (] )

Fia 3 Corve of deaths, Singlisk Life-Table Now 11, 1030-1052. Males.

fotal desths
- + tencscent deaths
- = —~ — sanhctpated deaths
Fodd b B ooaver -
. smpiled by Dr,
. 1t differs from
Tomates stagt with & wuse sy poth males and

radix of 208,000 births,
fsa,c:ln;:t‘::‘ t:;c\‘product of 5 “persons™ mb]e‘;gozgnrta;z:g ?{
Ry sle births 5nd 48,796 Jemale births {the proportions
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of males and females m the births of that period) All the
ordinates of g 1 should therefore be almost doubled to
render 1t comparable with Figs 2 and 8, though the general
shape 15 correct

Enghsh Lofe Table No 8 The first short period table
prepared by an actuary, George King, for the Registrar
General and based on the deaths of 1910-12

Englsh Life Table No 11 Based on the deaths of 1950-52
and prepared by the Government Actuary

The results
The basic results of this analysis are

SENESCENT DEATHS

Males Females
P;:"”::f Standard | Propor Standard | Projor
Peal deviation | fion of Peal detiation | tionof
age of distri fotal age af distry total
bution deaths bution deaths
years jears % years yenrs %,
1831 72 0 9 38 190 35 419 410
1916-12 15 8 70 515 76 0 8 51 5, 8
19052 | "5~ | 789 603 | s03 [ 712 [ "o U

It 1s clear that from a practical point of view Clarke was
right The main change mn the hundred years or so has been
the increase in the proportion of people attaiming ther
allotted term of hfespan, from about 0 per cent to 70 per
cent, while the shift in the peak has been a mere three or four
years for men and sesen years for women  Judged by the
standard devation the spread of the distribution has narrowed
a little but this 1s not a substantial change If—and 1t1s a
large question marh—this arbitrary distribution of *‘senc
scent” deaths can be used as an ndicator of the natural
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ble
&strbution of Wespan 1 humans then 1t appears possy
\\\\snt over and above the large inerease in allity to attain the
allatted span, the modal span stself 1s slowly increasing  Even
in 1841 there had been a “break through™ of the barner of

{hree score and ten  Women can now talk modestly of “four
seores

Gomparison between men and women

If the proportion of all deaths winch ate senescent can be
used as a measure of ability to survive the aflotted term of
life, then the improvement m the mortahty of women as
compared with that of men appears more as a greater shuft m
the optimum than as o greater improsement in attarnment
The sdvautage of women over men {or comersely the dis
sdvantage of men as compared with women} 15 thus a very
generat one and ealls for intense examination

Other aspects for examination

It would be possible to forecast mortality not only by
evamimng the medical and eny ironmental possibibities for the
reduction of anticipated deaths as Clarhe suggested but also
by predicting the further change in the parometers shown m
the table It 1s tempting for example to suggest that the
matonal e table 1 197072 will show for men a modal span
of almost 77 and n otk of patural by 78

pclr cent, but this hind of temptation will be pursued else
where

nother possibility 15 that the  attamment” ‘proportion
{(1¢ ratio of seneseent deaths to all deaths) might beused as a
wortahty index for international comparison  Thus also 15
owtsde the present discussion

The Hmitations of the life-table
The life table 5s normalt

y computed 15 based on the rates of
mortality experienced by the gopdation of 2% ages us they
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meniscus from minute to minute as urine collects in it (Hoy
and Adolph, 1956). Quantitative collections ean also be made
without the cannula, at the urnary papilla or by bladder
puncture; duning rapid urine flows these collections give the
same results as with the cannula (Heller, 19147; McCance and
Wilkinson, 1947; Falk, 1955).

Water excess, admumistered by stomach tube, gives rise to
very little dwrests at birth (Iig. 1). In the course of several

URRE FLOW 4, OF WI/HR

HOURS

T'1e 4 Water diresis ot various ages i infant rats  Points
show mean and standard error at end of each period of urine
collection DA «= days ofter conception  From I'alk (1835)

dnys the rat’s response ncreases, until at about ten days
after birth the response per umt of body weight 1s of adult
size. The ages mdieated on the graphs shown here are
rechoned from conception instead of from birth, the average
gestation timc for rats beng 21 3 days  Actually in human
infants the maturation of the diurests was found by Ames
(1953) to be triggered by birth rather than by scheduled age,
since prematures nequired the diuretie response about as soon
after birth as postmatures did.

A famihar notion about the way in which water diuresisas
excited 1s to suppose that the ncurohypophysts withholds sts
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duuresis that 1s large nd sudden enen d few hours after birth
Likenise odrenaline of noradrenahine induces o full blown
duuresss on the vers day of buth Es Wently the capanty for

exereting water at o high rate 15 present hut ts areussl
depends on the par

trcutar form of stmulition  Consequently
any discussion of struetural nadeguacies or functional 1m
matunties stems besde the present man pomnt, which 15
that the speaific xesponding system of the newborn rat 1s not
tuned to witer excesses

ence we are prvileged to see a phsiologienl regulation
Imerease 10 intensity 10 the growing individus) The regulation

1

3.
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Fre 7 Coursey of development of four t.
ypes of dirests &
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daly materalizes whether the rat has ever expencnced a

water excess o not  the elements necessary for 1t ar
¢ there
st;r:e of fhem long Yefore this matenalization  What gmdes
s b and det. its point of adult
g:;:,on xfs ugl\nown The fivation s still subject to a small
e of adaptatisn reswltmg from
wa.;t:r excesses { \dolph 1956) i previous expowite 10
he control of water intake on th
e other hand 15 much Jes
x::;ie:stnod than the control of water ehmimation In ;mi;
‘m::cy vats lke dogs {Adolph 1943 p 267} refuse to drnk
Lm; e} e;\naiter debydration  According to hictel Krex
snd Diouba (1936) as late as 28 days after buth young
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response 1s thus uncovered which 1s mediated through some
other channel ordinarily mashed by the known hormonal one

The mtensity of diuresis 1s 1 function of the water cxeess
at all ages (Fig 6), but the regression differs with age Actually
these data supply part of an equilibration diagram for infant
rats, and by 1t one can watch the regulatory relations commg
to maturity during early postnatal ife  The uncxereted water
has been located as excess in plasma and several other tissues
A possible theory of maturation 1s that some slowly develop
g process or structure irmts the rate of water excretion

oo™
5 2 2
-] 24 265
® :/n/—/
z
g1
[
Y 2204
5 = g
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o
2 E) 4

] '
WATER LOAD % OF WT
Fia 6 Water exchange in urme in relation to body water
load at each of three different ages 1?4 days after con
ception I'rom Adolf h (1057)

Thus theory 1s doubtful, since at every age still greater water
excess arouses faster excretion Rather, the response, ex
pressed by the ratio between excretory rate and water Joad
1s small at birth and becomes greater as age increases
ITowever, m order to sce whether dresis 15 impossible at
birth, we tested the eapacity of the mfant rat to respond to
several other stimult of diuresis  To concentrated salt solu
tions the diuretic response 1s practically ml at birth, and it
matures even later than the water diurests (Ly 7) Iy poun
arouses a primary diurests that 1s small at Lirth and becomes
greater a few days later, it also, howeyer, arouses a secondary
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both absolute (body size) and relative to body solids vanes
with the age of the rat (Fig 8) Yhat controls the absolute
content of water and of each solute? The answer to this ques
tion 15 not avalable Obwiously il the stems that enter the
determnation of growth and 1ts correlatives parhieipiie w
these controls This 18 » problem that has barely been
visuahzed and one whose analysis may occupy many physio
logsts n the future

In general the ready corrections of water evcesses and
defits result frora specific response systems for diurests and
for water dnuhing  The systems vary between mfant and
adult, not only quantitatively but possibly also i the medt
ators and effectors used  Over a long hifetime the regulation
depends also upon detectors of body size and proporhions
whose charactersstics and locations hat e not been determined
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rats drinh more milk than water m reco ermg from deby dra-
tion  But i the sxme circumstance they dnnk more water
than saline  Even newborn rats distinginsh between muk and
other flmds, at 17 postnatal days they distingmsh between
water and st solutions Such sensory diserinunations are
necessary before rats ean hnk ther mtakes to speafic de-
ficiencies of bodily constituents The actual tymg of water
drnking to water deficiency docs not certanly oceur until

10
ool 3 &
g
ol 3 {
e & [
Y
BODY WEIGHT Gat ]
oa

00 ' 10 100 1000

I1a 8 Relation of log water content to
Jog body wewght in rats from foctus to
adilt "B =lirth  Numbers  represent
exponents 1n parabolie equation relating
the two quantitics  Data of Hamilton ani
Dewar (1038) from \ lolph (19,7)

28 days after birth (Kieceh KieChovg and Dlouhd, 1936)
Already then the water intake of rats equals the water defiest
mmposed upon them (Adolph Barher and Hoy, 1951 fig 19)
just as m the adults, the one hour intake closeh matches the
water deficit <o long as the water defieit does not exeeed si\
per cent of the body weight
Once the tmmediate regulations of water content are fixed

the adult method of mamtaiming water balance 1s persistently
at worh But 1t 15 well recognized that the water content,
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both absolute (body size) and relative to body sehds vanes
with the age of the rit (Fig 8) What controls the absolute
coutent of nater and of each solute? The onswer to tius ques
t on 15 not avalable Obwiously all the items that enter the
determination of growth and its correlatives partierpate m
these controls This 15 & problem that has barely been
visualized and one whose analysis may occupy many physio
Togsts m the future

In general the ready corrections of water excesses and
defietts result from specific response systems for diresis and
for water dnnfung  The systems vary between mfant and
adult not only quantitatively but possibly also in the meds
ators and effectors used Oser a long hfetime the regulation
depends also upon detectors of body size and proportions
whose charactenstics and locations have not been determmed

REFERENCES
Anarer F F (1048) Phys ological Regulations Lancaster Cattell
Apourn E F (1956) Amer J Physol 184 18 il
mu’n g F (197) @ o1t Rev Bol 32 89
x’.;ré sag Bazger I P andHoy P A (193) imer J Phymol
Awes R G (39a3) Ped atries Spr ngfield 12 o70
Fary, G (1900) Amer J Phyaot 181 157
Hamzov B and Dewan M M {1838) Grouwt! 2 13
Uewer H (1047} J Phgnel 106 245
%E;Lr;n :1 (I%Si)nl Endoerin 8 14
o an oLrrt B F (1026} Amer J Phys ol 187 3~
Rhiecex I hietwmova J 4 :
prel et pv;s aud Diovss H (1006) Physol Rohemo-~

MeCaner, R A” and Wismsov E (1947) 7 Physiol 106 °56

DISCUSSION
B flwck We have abtamed sorme #



12 Discussion

lower total unine output  Qur results are expressed in terms of the amount
of\v?tcr reabsorbed from the glomerular filtrate, that is the unne/plasma
(U(P’) ratio of inulin A masimum water diurests was induced by the
o;al administration of water plits an snteavenaus infusion of 5 per cent
glic ) . S IR
old

aged . . . v
from 66-90 Under conditions of masimum diuresis the U/P ratio was

es1s was again re established 1n all three groups (Miller J I, and Shock,
N W (1953) J Geront, 8, 410) (sce Shock, Iig 10, p 240)
Heller In connexton with your results, Prof Adolph I should hike to
clear up a point which has led to some misunderstanding  Some years
apr S x . T Trow v R V1t o wars alen intoreetod 10

U/P ratios, te by the same techmque as that used by Dr Shock
man, at what postnatal age the antidiurctic response to \vasopressin
beeame quantitatively comparalle to the response of adult animals
We found that this occurred only in rats older than 22 days Iwould ike
to stress tlus because some worhers have musinterpreted these results
they assumed that we had tried to show that a sigmificant inhibition
occurred for the first tune after 22 days I thinhk that one must expect that
this datum of around 20 days may change somewhat in the hands of
other worhers  Clearly a comparyson between the ansidiretic responses
of adult and infant rats depends on the choiee and strictness of nppl:
. T P T et

parable to that in odult ammals  She found that this occurrud 8t aboul
17-22 days after birth

Adalpl 1 think Dr Talk (1055) got a significant inhilntion consider
ably before 17 diys  She also injected sasopressim itself, and by the
mnthod of collecting the urine which 1s expelled 1 response to perneal

- - .

*erstanding to whieh I have been
- . . to nicotine in ammals three days
after birth <o you arc quute right in gay ing that responses were obtamed
uch cacker than after 20 days of posinatal hfc  But she also compared
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the response of older anumals with that of adults they became com-
parable 1n guantitative terms only when the rats were 17-22 days old.
There 1s another powt on which T should lhe to have yaur views, Prof.
Adolph We find that these responses of mfant Tats ta vasopressin arc
—a RS .o . .

taxaer animals,
L

Yo b mentam ~ fm el o
i

= ws syuswttd AL LLE eaTly Bges these seem 1o have very hitle
effect on water diaresis and water excretion K

Scoyer 1 cannot sneak shant tha mae 1 .

Heller' W boens w3 o -
. Ca
f.id'zlﬂ:..l should Nike to make 5 small pratest amames o o .

inmaturity  For y |
phiasphoniy homeo
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diuresis? Did 1t increase the ratio of water to solutes in the urnine, or did
1t mcrease the solute output?

Adolph  Adrenaline druresis in infant rats docs nvolve more solute
output than the water diuresis, but adrenaline dwresis is a water
diuresis in that the urine 1s very dilute I do not think you could blame
all the adrenaline diuresis on the solute output itself

With regard to immatunty and whether 1t takes expenience for an
anmmal to have a diuresis, we can point to the fiet that adrenaline diure-
s1s has no experience factor Ve have tried to see whether we could get
more water diuresis 1n the infant ammal by subjecting it to water loads
on successnve days  There 1s a considerable vanation in the amount of
water exerction v huch 1s produced, and we are unable to say that there
1s any sigmficant change due to previous experienee with water  Our
prowvisional conclusion 1s that there 1s no adaptation apparent n the
anmmal subjected to repeated water londing
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Tag water and electrolyte contents of « complex organtsm
are almost entirely determined by the activities of the kidneys
which operate primanly on the blood plasma and through
that on the extraccllular flmd of the orgamsm  Casual
fluctuations 1n the water and electrolyte contents of the

i are therefore usually the g of fluctuations
m the composition of these two compartments of the body
plasma and extracellular find  The electrolytes and water of
the cells of the body are affected secondanly to these prirmnry
fluctuations 1n the composition of the extracellulr flmd and
plasma and for practical purposes at any rate the factors
that can mfluence them primanily are usually sgnored Never
theless smce the cells occupy a considerable fraction of the
total volume of the orgamism and since there must be some
rectprocity between the electrolyte and water content of cells
and extracellular fwid 1t 15 of some importance that we
understand the physical and chemical factors that determune
the electrolyte concentrations and volumes of the cells of the
hody

The Gibbs Donnan Equilibryam  The appheation of the
Ctbibs Donnan equilibrium to the problem of the water and
electrolyte distnbution between the plasma and extracellular
flurd 15 famidiar to all who have concerned themselses with
the water balance of the orgamsm It will be recalled that the

most important consequence of the Gibbs Donnan distriby
tion gt‘ 1008 between the two flmds separated by the capilary

that 1s suppesed to be 1my ble to the protem
molecules of plasma 1s that the osmolanty

of the plasma 1s
i1




16 Hucnt Divson

significantly higher than that of the extracellular fluid. This
is illustrated by Fig. 1, and it follows that an cquilibrium will
only be aclueved when a counter-pressure 1s exerted on the
plasma equal to the colloid osmotic pressure due to the plasma
protemns. The amount of this difference of osmotic pressure 1s
determined by the concentration and degree of dissociation
of the protems. Because of the high molecular weights of the
plasma proteins, their concentration, expressed s moles per
litre, is small and the difference of osmotie pressure that must
be resisted, if the system 1s to remam stable, 1s correspond-
ingly small, namely 25 mm. ITg. As a result, the organism is
able to maintain a statistieal equbibrium betw cen plasma and
extracellular flurd by virtue of the eapillary pressure; at the

Plasma Membrane  Lxtracellular
Nat P~ Nat+ Cl-
Nat+ Cl=

Tia. 1. The plisma-extracellular flud

system
(P=protetn)

arterial end of the capillary the pressure 1s greater than this
diflerence of osmotic pressure so that flurd flows nto the
extracellular compartment, at the venous end the reverse
holds, and flind 1s absorbed.

It 15 worth noting that by the term “impermeability”
to a solute—here the plasma proteins—we do not necessanly
mean an absolute barnier; this 1s an ideal case on whieh eal-
culations are based, but practically 1t scems unlihely that a
natural membratic 1s completely impermeable to any of the
naturally oceurring moleeules i solution i the fluids, and it 15
sufficient for our purposes if by ‘“‘impermeability " 1s meant
that the rate of transport of tis solute across the membrane
1s negligbly small compared with that of the other molecules
that we are considermng—in the particular ease of plasma and
extracellular fluid, the salts and water.

The cell membrane 15 a more sclective barrier than the
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ary endothelium, and 15 capable of imposing restrictions
f)?;gerx;:\ erments of 1ons that are ery much smatler than the
protewn 10ns, as a result, 1t 1s concerv able that much larger
diffe of asmotic P could be blished, since
these smaller sons may be present m vastly higher concen
trations than those of protems with their Jarge molecular
weights  Let ns consider the erythrocyte, for sumphaty we
may choose the cat or dog erythrocyte which shows no
accumutation of potassum  The distmbution of ons 15
mdicated roughly n Fig 2, the cell contams the pratemn
haemoglobm which behaves ay an amon, so that we may
expect to be able to apply the Gibbs Donnan equilibrium to
the diffumble wns  If the Na+, C1- and HCOy~ 10ns could
duffuse across the membrane, the position would be entirely

cent Membrane  Plasma
et Hb- &t Cl-
Nat O~

¥ic 2 The cat erythroeyte
(Kh=huwr\}&,m

analogous with that alteady considered, and the contents of
theeell 127

plasma
s1on cau

and swe sy silie tus ditterence of osmolanty must
presul so long as the eell contams a hugher protem concentra

ton than that in the outssde medum  Cell membranes are
not strong and would certamly not be able to resist the dif-
ference of osmotic pressure that would be developed, which

1 this case would be several fimes Iugher than 1 the case
considered eather owing 1o the sery ugh concentration of
p:n;:m m dthe red cell Ve know that the cat erythrocyte 1
stable wnd we must ash  how? Theoretieall

be achueved by malag, e it stablity coutd

1€ toall tha ame et s the membrane impermeatle tn onts
e h
b
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significantly higher than that of the extracellular flind  This
1s tlustrated by I'ig 1, and 1t follows that an equilibrium will
only be achieved when a counter pressure 1s exerted on the
plasma equal to the colloid osmotic pressure due to the plsma
protemns The amount of this difference of osmotie pressure 1s
determined by the concentration and degree of dissociation
of the proteins  Beeause of the high molecular weights of the
plasma protems, their concentration, expressed as moles per
litre, 1s small and the difference of osmotic pressure that must
be resisted, 1f the system 1s to remun stable, 1s correspond
mngly small, namely 25 mm Hg As a resuit, the orgamsm 15
able to maintain a statistical equiibrium between plasma and
extracellular fluid by virtue of the capillary pressure, at the

Plasma Membrane Extracellular
Nat P~ Mat Cl-
Nat Cl1-
Tic 1 The plsma-extracell tar flurd
system
(P=proten)

arterial end of the eapillary the pressure 1s greater than this
difference of osmotic pressure so that fluid flows nto the
extracellular compartment, at the venous end the reverse
holds, and flmd 15 absorbed

It 15 worth noting that by the term impermeabihty’
to n solute—here the plasma protems-—wc do not necessanly
mean an absolute barrier, this 1s an wdeal case on which eal
culations are based, but practieally it scems unlihely that a
natural membrane 1s completely impermeable to any of the
naturally oceurnng molecules tn solution m the fluds, and st as
sufficient for our purposes 1f by “impermeabihits ™ ts meant
that the rite of transport of tlus solute across the membrane
1s neghgibly small compared with that of the other molecules
that we are considering—1n the particular case of plasma and
extracellular flurd, the salts and water

The cell membrane ts a more selective barrier than the
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w0 mam factore~the osmolanty of the p}nsmn and \h!;
activity of this Nat extrusion mechamsm  Lhe prm;lgu u“
water across the ecll membrane 15 very rapid, so that the rlc’

responds to changes in osmolnty of the plasma by virtually
instantancons (hanges in its water content, in the way 1t
may be e to respond pasuvely to changes m the plasma,
and 1ts changes of water eoptent and snlt concentration may
be smd to be secondary to primary chonges determined
principally by the hidney  The operation of the second factor
“~the Nn+ extruston mechanism—will influence the nmount
of matcnal—sahts and water—in the eell, and ot would be by
virtue of this mechaniem that this type of ecll eould exert a
primary influence on the wates and Geetrolyle content of the
otgmem s, 1 the Na* extrusion mechamst operated
more rapdly than the anflux under the clectrochermient
gradient there would be a nct loss of Na+ and of amans,
namely (1 and $1€0,~, tins would deerease the osmolanty
of the cefl and water wonld he lost to the plasma Such a
shrinkage of cefls 15 cantly demonstrable by allowing them to
recover from the effects of putting the Na+ extrusion mechan.
sstout of netion Thus when the cells arc conled, the metabolie
processes supplying entrgy e no longer work, Nat enters
the cets secompamed by amons and they awell When the eells
are warmed the metabohe processes begn, nnd the extra Na*
 exercted tintid the cdls return to thar normal volume  The
eflcets of agents that inerease the permenbibty of the cell
membirane are of same ntercst, substanees Wke aleohol o
urcthane 10 the appropriate concentration, ean inerease the
permenbihty of the el mombrane to Na+ and K+ to such an
extent Whind the Na* extruson mechamem 15 unable to Xeep

pace with the snflux of this ton, thus, i spite of n normatly
functionmg metaboliam the eell ma

y swell, on removing the
ngent At mny retuen toats normal mize

The erythnoytes of movt apees contmn K+ na ther
principn) mhrzn 5o that the eell mantamg fnrge pradicnts
af \naod K¢ (ki 8) The conditton Tor an ounotically
stabile system conld he g iven by an tmpermenhihity of entions,
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impermeable to cations such as Na+ and K+ In this way the

cell would be able to fulfil its function m the maintenance of

the acid base balance of the body, permitting the Cl-—HCO,~

:l\clm;llge that mediates the bufler action of haemoglobin
e ¢cl

‘ \
.

membrane, so that any Donnan effect due to impermendle cations on
one side of the L will be counterbal d by an equal effect due
to impermeable fons on the other side

It 15 casy to show that an osmotic equilibrium between the
mside and outside of the cell 15 possible, i spite of the high
concentration of indiffusible protein antons within the cell,
thus the impermeability of the cell membranc to entions such
as Na+ confers on 1t o stability that would be laching n the
presence of a permeability to thus son, 1n other words, the
colloid osmotic pressure of the cellular protemns ean only
operate i the presence of a permeability to both Na+ and
anions It 1s now well known, however, that cell membranes
do not show an nbsolute impermeabihity to such 1ons as Na*
or K+, the use of 1sotopes has permutted the demonstration of
an uncquis ocal exchange of these 10ns ncross the ery throc) te
membrane  The exchanges are very slow compared with the
eachanges of C1- and I1CO,~, but they do occur <o that we
must expect a constant mosement of NaCl and NalICO, nto
the cell, associated with the migration of water unless some
process presents this - Asis well known the process that docs
prevent 1t s an active transport of Na* 1ons out of the cell
the membrane 1s permenble to Na+ so that there 1s a continunl
dnift of this 1on into the cell beeause of the demands of the
Gibbs Donnan distribution, but by some process not under
stood, metabolie energy of the cell 1s emplag e i drts g the
snlt out Practically, 1n consequence, the ccll may be des
ertbed ns a cell impermeable to Na+ and therefore in stable
equlibrium with ats environment  The total amounts of
water and eleetrolytes withm the cell will he determined by
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excreton of Nat. The mechamsm is not known; presuma\c::;y
the actie fransport processes are semsitne to t:\e co]ncm .
trations of Na* and K¢, or lmoreupmhahly to the relv
of these 10ns, 1 the ce!

vmr’i‘(::él::‘;thmcyte 15 a Jughly specialized cell, and 1t w ou‘l:l
nat be correet to assume that all cells of the body, or even \hv
majority , are bused on a sitmilar phy siological plan so far as the
mawmtenance of salt and water content is concerned he
stnated muscle fibre has been studsed very tharf)ughl_\, and ‘l)t
may well be that this 1s far nearer to bemg a *“typieal cell ™,
so that we may now consider 1t main features from the pre-
sent pownt of view The muin pownt of difference between thie
muscle cell and the erythrocyte hes i the low contents of €)~
end HCG,n, these anons bemg replaced by orgame anions

Fibre Membrane  Estracellular
LS Na*t €l

Fic 4 The muscle fibye,
(A™=mdiftusible orgame antony)

that apparently eannot diffuse across the plasma membrane,
schematically the situation 1s as m Fry 4 where A~ represents
these indiffusible arions The system would be osmotically
stable were the membrane mmpermeable to Nat, 1e the rest
of the rons, K+, LI+ HEO,~, would distnbute themsels s
acrass the membrane an suel a way that equal osmotie
actitities would exist on bath sides. Actuglts the cell mem
brane 1s pesmeable to Na*, and the reason why the Na+, K+
end C1=1ons do not redistribute themselves 15 because an
aRtive extronion of Na*, as st as it penetrates, mantains an
elfectis ¢ mpermeatulity to Na+ There 15 no need to postulate
an actine acenmulation of X+ this ease since, owing to the
igh cancentration of tmpermeable anions 1 the cell, the

extrusion 91‘ 2 Na+ ton must be associated with the penetra-
tion of 8 K¥10n 1 the nterests of electneal neutrality  Once
agum, then, the cell ma

Y maintam equilibrnium with ts
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as before, but once again studies with 1sotopes have shown
that both Na+ and K+ ean pass across the membrane and an
active transport of Na* out of the cell and of K+ mto the cell
must be postulated to account for the osmotic stability of the
system

It was considered at one time that a mere extrusion of \a+ would
account for the osmotic stability and high concentrtion of X+ 1n the
cell, 1¢ that the extrusion of Na+ would demand a replacement by h+
It was pointed out however (Davson 1951) that this would lead suply
to an cxeretion of \aCl and NaHCO, from the cell with a rusultant
shrinkage Lstrusion of Na+ will only lead to acenmulation of I+ of
exchange of K+ for Nat Is obligatory on the system m order ta pre
serve electrical neutrality If anions can accompany the escreted Na+
then exchange for Ik + 1s not obligatory  In nerve and muscle where the
concentration of non permeable anions in the cell 15 very ligh sucha
sodium excreting mechamism would eause accumulation of h+

Cell VMembrane Ilhsmn
K+ Hb= it C-
K+ Q-

k16 3 The human erythrocyte
{Hb=haemogtobin)

Once agun, the water content of such a system will be
determined by the osmolarnity of the plasma and the actiaty
of the metabolic tomie pumps, thus over activity of the Na*
excreting mechanism would lead to a shrinhage over
actrvaty of the K+ accumulating mechamsm would lead to a
swelling Tt 1s mteresting that the two processes show some
degree of hnhage, m that Harris {(1951) has slown that
accumulation of the one 1on 15 associated with a nearly
equnvalent excretion of the ather the linkage 1s not complete,
however, since on cooling ervthrocytes swell as a result of
gaming more Na+ than they lose K+, when they arere warmed
the estra Na+ s excreted and they return to their onyginal
volume The fact that the cell mamtams its characteristic
water content and proportions of Na+ to K+ within furly
narron hmuts indicates that there 1s some homcostatie
mechamsm controlling the rates of accumulation of K+ and
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excretion of Na+ The mechanism 1s not Lnown, presnn:xclzl‘)
the active transport processes are sensitive to the co1 o
trations of Na* and k+, or mnreuprobabl) to the relatr
of these 1ons, n the cel

Pm'pfo‘::‘:r“;thmq te 15 a highly speciahzed cell, and it would
not be correct to assume that all cells of the body, or even the
majonty, are based on a sumlar phy siologieal plan so faras the
mamntenance of salt and water content 15 concerned The
Stnated muscle fibre has been studied very thoroughh, and 'ct
may well be that this 1s far nearer to being a * typical cell’,
s0 that we may now consider its mam features from the pre
sent pamt of view The man pont of difference between the
muscle cefl and the erythrocyte hies m the low contents of Ci
and HCO, these amons being replaced by orgame anions

Fibre Membrane  Extracellular
Yhwd
Rt A~ Nat Q1

Fic 4 The muscle fibre
(A =ndiftusible organic anons)

that apparently cannot diffuse across the plasma membrane,
schematically the situation 1s as in Fig 4 where A represents
these mdiffussble anions The system would be osmotically
stable were the membrane impermeable to Na*, 1e the rest
of the 1ons K+, C1, HCQ, , would distnbute themselves
geross the membrane i such a way that equal osmotic

Betiaties would exast on both sides Actually the cell mem
brane 1s permeable to Nat,

and the reason why the Na*, h+

and C1 1ons do not redistrbute themselves 1t heenuse an
A ains an
stulate

to the

nupeineatle antons 1o the cell, the
extrusion of & Na+ son

: rust be associated with the penetra
1an of & K+ 100 1 the interests of electrical neutrality Once
agan then the eell may mamtar

n equiibrium with ats
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environment, provided that an ion exercting mechanism 1s
active  Loss of this, by cooling the tissue or by metabole
poisons, causcs a loss of K+and a gam of Na+, CI~ and 1ICO,-,
the net effect bemg an mercase in osmolanty with o consequent
swelling of the cells Re warmmg of the tissue may cause a
reversal of these changes (see, for example, Steinbach, 1954)

Thus, 1 all of the cell types that we have considered the
system can be treated, theoretically at least, as a system that
mamtans an osmotic equilibrium between the interior and
external flmds by virtue of an ‘cffective impermeabihity * to
one or more 10me ty pes, if the membrane were truly imperme
able to the 1ons 1 question, the osmotic equilibrium would
be independent of metabolic processes and could be deseribed
as a true equlibrium, 1n practiee, the effeetiy e impermeability
15 the result of a continuous process of active transport
Tor the purposes of mathematical description this 1s equiv alent
to an mmpermenbility, at any rate under normal conditions,
under abnormal conditions, on the other hand, the preearious
ness or mstability of the equilibrium 15 shown by the cellular
oedema that follows either the fmlure of the ton excreting
mechanism or such a large mcrease 1n the permenbihty of the
meml that the hanism ean no longer heep pace with
the influx of Na+

If these considerations are corrcet, we mayv expecet to find
that by adding up the total osmolanties inside and outside
the cell the two totals should be equal within the hmits of
experimental error  Probably the muscle fibre has been
studied most carefully from this aspeet and 1t would scem
from Conway's (1957) figures (Table 1) that osmotic equilt
brium does exist between the cell and its environment  The
same 15 probably true of the ery throcyte and the nerve fibre,
but it must be remembered that the analy tieal techmques for
all the constituents of the el are nat so gocurste that 2 dof
ference of one or two per cent would be nseertamned  VWithin
thus hmit, then )t seems quite safc to affirm that these cells
arc m osmotic equihibrium with ther enyronment

Wthin recent years the posaibihty that mammahan celly
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are not 1 osmotic equilibrium with therr extraceliular flmd
has been senously mamtamed, and an “osmotic pump”s
dniving water continuously out of the cell, has been postu
jated The experimental basis for this claim rests on the
observation that mammalian tissue shees, m pamcular
those of liner and ldney, swell when placed 1 “ysatonic”
solutons of sodim chlonde, Tyrode or Krebs (Sperry and

‘Table T
CoVPOSITION OF FROG JUSCLE AND PLASMA EXPRESSED AS M MOLE PER 1 5.4
1,0 (after Conway, 1957}

Fubre Plasma
Concentratton Concentration

h 124 223
Na 10 4(3 6)* 10!

ca 49 21
Mg 130 125
) 15 173
HICO, 124 266
Phosphate 73 33
Sulphate 04 20
Phosphocreatine 252 —
Camosine 17 —
NH,-acds 88 72
Creatine T4 22
Lactate 39 a5
Adenosine tophosphate 10 i
1lexose monophosphat 25 —
Trotem e b
Urea 20 HE

Total 218 2

2433
" s n brac)
e o braciketa for sodiom epresents, ccording o Conesy e true futraeella con

Brand, 1939, Opte, 1949), either at
. s oom teraperature or at
0> Robmson (1952) observed that the swelling could be
prevented or reversed by mamtamung the tissue at 37°, he
found also that the swelling dn the of d
at this temperature  Since swelling p
was prev

il‘:o:\,ril‘) hy\x{trtomc solutions—0 ;“»—0 (‘;g )ti‘lt:dc::x)m;l\f(;:g

at the cells were 150 osmotic with these T
clear from what has been sad ean o o e

rher that these fact:

explained just as casily on the assumption that the descxtr;:ly;ae
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exereting svstem fals at low temperature or mn the presence
of eyanide Thus soaking a muscle at 0° certamnly leads to
swelhing but this 1s completely accounted for by the gam of
Nat+ and Cl-, warming the muscle causes an exeretion of
these 10ns and 1t returns to its original volume The same
argument will apply to other tissues and conclusive proof
that thus 1s the principal explanation for the changes taking
place on cooling was provided by the elegant experiments of
Deyrup {(1953) who showed that 1f the tissues were bathied n
150 osmotic sucrose (0 3 a) they fmled toswell If the swelling
m Ringer solution had been due to a failure of a water exeret
ing mechanism substitution of salt for sucrose should have
had no effect, whereas 1f the swelling hind been due primanly
to a penetration of NaCl substitution of & non penctrating
substance Iike sucrose would have prevented 1t It scems
safe to conclude then thatvery large differences of osmolanty
between cell contents and their environment such as those
postulated by Opie (1919) and Rolinson (1952) do not occur
The detection of smaller differences that would demand a
water pump continuously escrcting water from the ecll to
maitain an osmotic steady state between cells and ther
envronment, must rely on very precise measurements of
osmolanty

The depression of freezing pomnt has been employed by o
number of worhers with a view mamly to testing the clam
that mammahan tissues were hy pertome to plasma (Connay
and MeCormach 1953 QOpie 1934 Brodshy etal 1053 1056
Conway GeogheganandMeCormack 1945 Itohand Schwartz
1956) but as Conway s studies mdieate the interpretation
of the results 1s not easy since an exeised tissue when ground
up at 0° undergocs autol tie changes—in particular the
breakdown of adenosine tnphosphate to moume acid
ammonia and phosphate—that Iead to a considerable increase
i osmolanty It would seem from Conway s studies that
within the hinuts of accuracyv of the cryoscopic method—
probably a few per cent—tle tissue cells examned  ler
hidney and muscle—are 150 osmotic with their environment
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This does mot mean, however, that the mamtenance of
differences of osmotic pressure between cells and ther em‘mm;
ment by the exeretion of water does not occur, 1t 15 well
Lniown that such fuds as unne and sahva have esmolanties
that are vastly different from that of the plasma, and the
elaboration of these flwds 15 best deseribed by uk:ng an
actyve transport of water—ie the functioning of a “water

‘Table IT
CONCENTRATIONS OF 108s {3t MoLe/kg H,0) 14 PLASMA AQUEOLS DIMOTR
AND CEREBRGSFINAL FLUID OF THE RABHIT
Plasma Agqueous Humour
Na et 5 Q 108 Na 14335 a

109 5
A §5 MmO, 2w+ K 53 11co, 36
Ca 8 Lactate k& Ca z3 Lactate 6 00
Mg 10 Phosphate 18 Mg 08

Phosphate 1 00
Ascotbate 1 0

Total 160 6 Total a1 Total152 1 Total 1511

Cations and Anons 2305 7 Cafions nnd Anaons 203 3.

Cercbrospanal Flnd

e Q RE]
S EX] 1co, 314
Ca 13

‘Lactate 26
Mg o8 Phosphate 0 5

Total 156 & Total 163 5

Calons and fmons 370 1

pump’  The cerebrospinal fluid would appear to represent
another example of & non is0-0smotic fluid, and smce 1t 15 1n
such close relationship with the nervous tissue of the bram and
spinal cord,

this lack of iso osmolanty ts of special
nterest,
suggesting os 1wt does that these hss: " c

ues, too, are not 1n osmotie
cquilibrium with the blood  The results of a detailed analysis
of the 1omic concentrations m plasma and cerebrospinal
flard are shown in Tale 11, sncluded are v alues for a smmilar



24 Hrer Davsox

exeretivs system fails at low temprrature or in the proesenee
of eyaride. Thus soakine s rrusels at 07 certaindy leeds o
swelling. but this i completely acrounted for by the gsin of
Na- and Cl-: warming the mucls cavsss sn exeretion of
these 1ons and at returns to s oncmal volume, The <=
arcument wall apply to other tissues, ard conehnive procd
that thes 1o the prinerpal explanation for the chanees tsling
plsce on ook was provided by the elemant expeniments of
Deyrup (19853} who <howed that of the tinuas were hatbed in
iso-onmotic sucrove (0-3 ) they farlad to swell. If the swelline
2 Rineer selution hed been due to a fulure of 8 waterexeret-
g mechsnim, substitution of sl for <vorene <how’d bave
hed no effect, wheress 1f the swelling had been due primasily
to 3 penetration of NaCL substitution of s ron-penetrsting
sthatance hke sueroee would have prevented i It seems
safe to conclude, then, that ven larce differerces of comclanty
between cell contents ard their environment, such s~ those
pectulated by Opre (1949) ard Robinvon (19321, do not cccurn.
Tke detection of smaller differences. that would demsrd 3
water pump contimuonsh excretms water from the cell to
mamtaun an cemrohie stesdy state between cells and thar
environment, must rely oo very precrses measurements of
o~molanty,

Tre depresaon of freezne pormt has been emploved by a
number of worlers with a view mamly to testing the clam
that maramabian tisues were hvpertomae to plasms (Conwsy
and McCormack. 1838: Opra, 1934: Brodky 2 ¢l 1958, 19562
Conway, Geoshacanand McCormsck, 1935, Itoh snd Schwartz,
1056); but, as Coxway's studies mdreate, the mterpretstion
of the re~ulis 1~ not eas) . snee an exered tisue, when ground
up at 0, urdercoes autolytic changes—in particnlar the
breakdown of adenowne tnphosphate to rcme scd.
wromrema 1 phavThatt—that Ired to & consadarek’z wemase
in camolanty. It would seem from Conwan's <tudres thar
within the hmnte of sccuracy of the ervoecopre method—
probably a few per cent—the tisua cells exarun~d—hver,
Kdney ard muscle—sre to-comotic with thewr environment.
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This does not mean, howeter, that the mamtenance of
differences of osmotie pressure between cells and their environ-
ment by the excretion of water does mot occur, 1t 15 well
Lnown that such fluids as urine and saliva have osmolanties
that are vastly different from that of the plasma; and the
elaboration of these flmds 15 best desenbed by mvoling an
active transport of water—1e the functionmg of a “water

‘Table §T
CONCERTRATIONS OF 10%8 (b MOLEfkg H,0) IN PLASMA AQUEOLS HUMQUR
AND CEBEBROSPINAL FLUID OF THE RABSIT
Plasma Aqueous Humour

N 11 n o 108 Ta 133 o w9 5
h 53 1co, 24 X 535 HCO, 336
€3 2g Lactate 79 Ca 23 Lactate 6 00
Mg 10 Phosphate 1 8 Mg 085 Thosphate 1 00
Ascorbate 1 00

Total 10 & Total RERY Total152 1 ‘Total 1511

Cahons and Anons 305 7 Cahong and Anwons 303 3

Cerebrospinal Flurd
N Q 129
K 36 HCO, 314
<a 1% Lactate 26
Mg 08 Phosphate 0 5
Total 156 & Total 163 5

Canony and Amons 320 1

pump”  The cerebrospinal flurd would appear to represent
another example of a non 1so-osmotic fluid, and sinee 1t 1s 10
such close relationship with the ners ous tissue of the bram and
spmal cord, this lack of 1o osmelarity 15 of special 1nterest,
suggesting as it does that these Bissues, too, are not in osmot; ‘
equilibrium withs the blood The res: ] e

ults of
of the 1ome concentrations 1n plas o detailed analysis

ms and cereb
fuid are shown 1 Table 11, neluded are values for ar ’:31}3!:3::
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type of flud, the aqueous humour—similar beeause both are
speeiahized tissue fluds fillng cavities and being virtually
free from proten By sumnung the cations and amions 1t
becomes clear that the cerebrospmnal flurd has a higher con-
centration than the plasma or the aqueous humour, allowance
must be made for the lower concentrations of glucose and urea
i the cerebrospmal flnd, a difference amounting to some
5 m mole, thus the cercbrospinal fluid 1s hyperosmotic by
some 9m mole The amount is small—sgme 3 per cent—never

theless it represents a difference of osmotie pressure of some
160 mm IIg, and 1t 15 presumably because the fluid 1s able to
drain away casily from 1ts cavities that this pressure does not
develop, 1¢ the difference m osmolarity 19 reflected 1n a
continuous nflux of water from the blood rather than n the
development of a pressure, such as would happen were the
system completely closed Iowever, the really significant
pont to be made 1n this connexton 1s that the cerebrospinal
flmd Dies 1 such close relationship with the bran and cord
that 1t scems most unhkely, having regard to the rapidity
with which water may exchange between the two, that a
difference of osmolanty could be mamtamed That 1s, if the
cercbrospinal fluid 15, indeed, hypertome to plasma, then so
must the tissue of the bram and cord be If this 1s true,
then we may postulite one of two things either a water
pump thst drives water out of the nerve cells nto the
extracellular flmd where 1t passes back into the blood,
or alternatively the elaboration, by the capillaries of the
nervous tsssuc, of a hyperosmotic extraccllular flud  The
capillanies 1n this region of the body are certanly different
from those mn the rest of the body and are responsible, pre

sumably, for the so ealled *“blood brain barrier”, to attribute
secretory nctivity to thar endothelium 15 by no means an
unreasonable proposition The mmportant pont to ‘ve smdt
here 15 that the difference of osmolarity 1s small and thus
requires ighly accurate analysis for 1ts demonstration Why
the cerebrospinal fluid and nervous tissue should have this
higher osmolarity 1s not clear, according to Flexner (1038),
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the Woh concentration of chiomde m the cerebrospinal flud,
ke

m fact Tt may be that wue postuve p s
spal flwd depends for sts on & il ot
osmotic pressure between 1t and the blood

The factors determimng the water and electzalyte contents
af canaectice tissue are probably simple, although they bave
ot been studied 0 great detall  If a piece of callagen, or
collagen plus mucod, 18 placed 1n A saline melinm, tqus alent
to extracellular fund, we may expect & Gibbs Donnat equi
Brum to be establiched hetween this nd the medm by

Na+ Cl~ Nat+ (1~

phase

\trtue of the acidic nature of the protem and mucord The
stuatson pught therefore be as m Fig §, 1e essentaily
similar to that obtamning with plasma separated by a mem
brane from extraceliular flid  There 1s no membrane separat
g he tne hawever and separation 1S mamtained becaunse
of a phose diffevence the collrigen mucoid system bemg a ge),
the extracelulzr fuid o fhquwd Chenucal analysts of cin
lt\lcct“e tissue shows that there 15 indeed, a Gibbs Donnan
|s\n\)u\lt3.n of 10ns between 1t and plaswa and therefore,
’l’:::l‘;’:?! ‘c mbem een 1t and extracellular flud, the concen
e mnnmmondc bemng less and that of sodwm greater, n
Tor e ¢ tssue There 5s cattsequence, a tendency
ater 10 pass 1nto the connechive tissue phase, the salts
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continuously redistributing themselves so that the osmotic
pressure of this phase 1s greater than that of extracellular
flwid and of blood The extent to which the system will
take up water will depend on the counter pressure that can
be exerted or, fuiling that, what 1s really equnalent, the
mechanical igidity of the system that will oppose distention
Presumably m such tissues as tendon and shin the structural
ngdity of the system prevents an idefimte uptake of water,
and the system 1s stabilized with o water content of about
75 per cent In the cornea of the cye, however, the situation

‘Table 11

COMPARISON OF 11 FS MAINTAINED AT NORMAL AND LOW CORNEAL
TFMP1 RATURES

{Davson, 1935)
¥ ater Content

Lxpt Temp Tume —r———— A
no ) ) & oo g (e /g sohd)
trssue)
1 7 15 828 48
31 — T2 34
2 7 15 2 8 48
2l — o a 33
i} (4 17 821 463
3N — 782 36
3 7 7 kEI 268
at — TR as

15 different, 1t consists, essentinlly, of a number of lanunae of
collagen plus mucord, sandwiched between two cellular layers,
the epithelum and endothehum If the eye 1s exaised and
stored 1n the cold, say at 4°, the cornen increases i water
content, due to absorption of aqueous humour If mstead of
beng hept at 4° the eye 1s mamtamed at about 81°—the
normal temperature of the cornea—the tissue retamns its
normal water content (Table III) It would seem, then, that
metabolic activity 1s preventing the collagen plus mucod
from absorbing water and salts from the aqueous humour, and
tlus may be proyed by first allowing the cornea to sw cllat the
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fow temperature and then transferring theeye toa cl:ﬁ:lb;t
mamtained at the higher temperature In this case 2

sarhed water ond salts are eereted back and the coxt-nea
rescquires its normal hydration (Table V) The sec;'c tc:;y
activity that usually maimtams the cornea mts normal sb ;
of hydration—about 75 per cent water—may be due to bot!

the endothehum and epithelium but whether it 1s due to an
actine exeretion of salt ¢ g sodium or of water remains to
be proved The extraordwnary tendency of the cornea to
take up water by contrast with tendon or sclera, 15 presumably

Table IV
‘TBE EFEECT OF SUBSEQUENT WARMING ON EVES MAINTAINED ¥om 15-18
BOLRS AT 7
(Davson 19.3)
Column \ gives the water conteat after the period at *° column B the water
content after a further perod of 6-8 hours at 31°

Waler content
{2 1z sohd)

Frpt ——— Change
no (4 ) o0
1 + 30 33 24
2 st 30 "

3 445 37 IS
4 462 39 16

related to the large quantity of mucoid present as a cotting
over the wdividual collagen fibrils (Schwarz 1903) and it
seems Iikely that changes in hydration are really the conse
quence of changes m hydration of this collid the callagen
ftuls bemg pushed apart by the svelling  The Gibbs
Donnan swelhing of the collagen mucowd systera of shun and
sul cutaneous hissues may well be a factor 1n determining the
water content and the turgescence of the tissues  Thus 3t
woull scem from MeVaster 5 {18346} studies that the extra
m normat circumstances be something of

the space between cells and collagen fibnls
beng occupied ty & mueaid gel only when excessive amounts
of fluid are filtered from the plasma or under expenmental
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conditions of mycetion of flnd into the tissue, 15 1t possible to
speak of free fld m the extracellular spaces  The nature of
the collagen and mucord m these tissues may therefore exert
some effect on the water content of the tissues In general 1t
would seem that acute changes i this tissue evtracellular
water are the result of changed factors of capillary filtration
and reabsorption, but 1t may well be that the long term
steady state levelis influenced by the amount of mucoid in the
tissue  This presumably exerts 1ts Gibbs Donnan difference
of osmotic pressure, drawing fluid to 1t, the tendency 1s
opposed by the structural nmdity of the tissue, so that a
steady state 1s established n contrast to the cornea where the
ngudity of the sy stem 15 mnadequate to permit a steady state
a continuous secretory actinity being necessary, and made
possible by the presence of cellular membranes himing the
tissue

The possible ways i which the water compartments of the
body may be altered with age become evident from this
general review, thus the activity of the ion transporting
mechamsms of the cells tends to oppose a normal tendency
to cell oedemn, with the result that a steady state 15 man
tained with the cells having a characteristic 1ome make up and
percentage of water A decrense in the metabolic activity of
the cells may be expected to result in the penetration of salt
and water mto the cells, hyperactinty, on the other hand
may cause o shrinkage of the cells but the extent of this will
be imited by the demands of electrical neutrality excessive
excretion of the Na+ 1on must be associated with excretion of
some anton or with accumulation of K+ 1n the latter event
there will be no change in osmolarity, whilst the former process
15 hmited by the avalability of diffusible anons It seems
unhkely that a cellular dehydration could result from hyper
Bty of s serh, avd W seems mvore bhely thok delydeatuon,
of cells might Le due to a loss of the indiffusible anons
collcetively mdicated as A~ m Fig 4 but actually consisting
of protens, orgnic phosphates cte If these were replaced by
such diffusible amons as Cl- and HCO,~, then the process of
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on of N+ would lead to an elimmation of these 1ons
;ﬁ;\:?c:u;é :vell be that a4 new steady state would be estab
Jished at a lower level of internal K+ and Na+ concentrations
Unfortunately, practically nothung 15 hnown of the factors
that control the normal actinity of the salt exereting system
of the cell
The large differences 1 the amount of extracelinlar witer
that take place with age may be 1o some extent, assocrted
with differences 1n the amount of water per cell of the organ
wm thus other things beng equal a decrease m celinlar
water 1s reflected 1n a mise 1n the extracellular water, expressed
asapercentage Toprovetlns however, it would benecessary
to measure not so much the percentage water m the cells as
the amount of water per cell and thas Tght be atternpted by
relating the water to the deoxynibonucleic acid content of the
tissue [t seerns more Wihely however, that Jong term fluctn
ations in the fractions of mtra and extracellular water,

especially those talang place dunng development all he
determined b ahene ¢ - st

of tissue rath
achieved by

cells (b} expansion or contrachion of the extracellular space

by changes 1 the quantity of connective tissue and 1n the
ability of this to hold flud

REFERENCES
Bropexy w4+ S,
-
Broos .
o hn
Covwax F J (18,7 Physiol Rev, 37 84
Coveay £ J Grocnes.

) YR Ay H and McConvack J 1 (es5) J
ONwAY T J and MeCoruacx 3 1953} J Phywol., 120 1
D\wlx_;\mg “(‘ms\) Texthook of General 1 hyswlogy p 27§ London
Davsox 1 {10231 Ruckem J 59 il

Drvave 1 095) 3 gen PY ol 36 730
wrawe 1T 1938) Amer g Pl niol, 124 131
Tanms B3 Q034 Smp S exp Piol 8 223



80 Hueu Davson

conditions of injection of fluid into the tissue, is it possible to
speak of free fluid in the extracelular spaces. The nature of
the collagen and mucoid in these tissucs may thercfore exert
some cffect on the water content of the tissues. In general, it
_would scem that acute changes in this tissue extracellular
water arc the result of changed factors of capillary filtration
and reabsorption, but it may well be that the long-term
steady-state level is influenced by the nmount of mucoid in the
tissue. This presumably cxerts its Gibbs-Donnan difference
of osmotic pressure, drawing fluid to it; the tendency is
opposed by the structural rigidity of the tissue, so that a
steady state is established, in contrast to the cornea where the
rigidity of the system is inadequate to permit a steady state,
a continuous secretory activity being necessary, and made
possible by the presence of cellular membranes lining the
tissue.

The possible ways in which the water compartments of the
body may be altered with age become cvident from this
general review; thus, the activity of the ion-transporting
mechanisms of the cells tends to opposc a normal tendency
to cell oedemn, with the result that o steady state is main-
tained with the cells having a characteristic ronic make-up and
percentage of water. A decrease in the metabolic activity of
the cells may be expected to result in the penctration of salt
and water into the cells; hyperactivity, on the other hand,
may cause & shrinkage of the cells, but the extent of this will
be limited by the demands of electrical neutrality; excessive
excretion of the Na+ ion must be associated with everetion of
some nnjon or with accumulation of K+; in the latter cvent
there will be no change in osmolarity, whilst the former process
is limited by the availability of diffusible anjons. It scems
unlikely that a ecllular dehydration could result from hyper-
activity of this sort, and it seems more likely that dehydration
of cells might be due to a loss of the mdiffusible anions,
collectively indicated ns A= in Fig. 4, but actunlly consisting
of proteins, organic phosphates, ete. If these were replaced by
such diffusible anions as C1- and HCO,-, then the process of
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representative sample of what 15 going on in the organism. Is this & farr
assumpuon? A second pomnt 15 that most 0f the work has been dore on
Widney shees  Ate kudney shices rep i e of the whole org: o
cnly of the hidney t\§5u=7
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DISCUSSION

Talbot Iwasmostinterested, Dr, Davson, in your comments about the
cellular oedema that occurs in *sich” cells It has been shown that am-
mals deprived of potassium, and thereby subjected to a combination of
cellular potassium sulliciency and cellular sodum mtosication, show a
tendeney to cellular ocdema. We therefore wondered vwhether loss of
potasstum from the cell was a factor whieh nught interfere with sts
sodum and water pump mechamsms.

: . .,

raent of more of these tons and to a condition M WhHich TRCKC 1S & jugs
potassium concentration nside, and low sodium and chloride. Whenwe
allow the sy stem to cool or gix ¢ 1t poison, then we find that sodium comes
ey [N RN

PR = 4 .~ amec o wadonat renllv know
ther
. um.

o
Davson So you propose o condition Wwhere there 1s & sowuit ss will 88
u potagsium defieiency ?
Talhnt You could have sumple deprtvation with loss of cellular potas-
. + ™ oere
- lar
H it

Narenn Tt s really & matter of UNNRIE LWESE LUUlLas Ut s orp Mi

- N
. m

thcn we onalyse & muscle DIOPSY spruthy Ly e
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Maybe someone van furmish data which will be more convincing on
whether the electrolyte transfers are equally rapid and reproducible.
Darson 1 tlunk the electrolvte transfer is very hkely to be much
slower and to hold up the whole process. The water transfer 1s very
rapid 1 every ccll so T would say that what happens first 1s the move-
ment of the electrolvte and the mavement of water would not require
much time  The evidenice 1 am citing 1s 1argely based on work. from Prof.
Canway s laboratory .

N a1 e auy KRBT Ulen entering
{Conway B3 oy Geoghem: Z to preserve osmotic balance

11 (1935) J Physwl , 130, 438)



84 Discussion

Darson That would be a most dangerous conclusion to draw, If your
chlonide space altered under expernimental conditions, 1t could very well
be duc to penetration of chlonde into the cclls

Wallace: We have been working with tissues for some time from the
f‘tanldp;)mz of hydrogen 1on gf‘ldl(’nk between cclls and extracellulie

N . . PR Ve

analy tical values for whole tissues  They point out that the interior of the
cell 1s not homogencous  Potassium and sodium do not appear to be
evenly distributed and the hydrogen 10n concentration seems to vary
from locus to locus T am certamly not ready to gne up the study of
10ns and their distribution in tissues, but I think one must ahways bearm
mind that membrane equilibnia can only tell a part of the ston ‘The
coneept of the cell, particularly the musele cell, as an “empty g™
cannot be completely accepted

Daison In gencral I am in favour of j our reonoclastic approneh but
you are basing most of your argnment on the findings of the electron
rmmcroseopists and they are by no meansaboy e entictsm themselves They
are working on fixed tissue and talk about their endoplisnuce reticulum
It certnunly appears as a most comphieated system of eanals, but one
wonders how r . . o -
clementary ph . - "
complensties? ° b
brane with certain permeabilits charactensties  The electron micro-
scopists show us the membrane which does exist but then they find hittle
. y - T -

[ . . . .
have obusously got to be suspicious of treating things too smply—there
you are absolutely night On the other hand I am not willing to stop
apply ing elementary phy sical chennstry to problems of <alt transfer Just
because of these complexities

Adolph Ishould hike to add something to the pomnt about swelling and
shrmhmg with the accompany ing transfers of clectrolytes  VWhen tissue
slices, not only kidney shices but also Iner shices and two tissues which

we did not hase to shice 1 ¢ draphragm and auriele are transferred fm;‘n
. - - F— NP DI

i
vinced that the electrolyte transfers are necessary for this swelung anu
shninking, We have no method of measuning the speed of the electroly te
transfers, but we have & method of measuring that af the water transfers
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1 1t may be
Before disoussing the subjeet 1n more detar 3
helpfol to recall some of the factors which regulate the water
content of the bedy

Regulation of water

Two mechamsms, closely hohed, normally guard against
ater depletion  One regulates the mtale of water through
the sensation of thirst, the other the cutput of water through
the secretion of antidiuretic hormone  There are at least two
wags m whicl each may be imvohed the first, a nse m the
tomelty the second, less sell known, 2 12l 1n the yohnme of
the body fnds {(Smath, 1857, Strauss, 1957)

A nse mn the sodum content of the extracellular flud
(ECF} 15 well hnosn to produce thirst and to stmulate the
relense of antidinretic hormone {ADH)  The effechive stimulus
15 not simaply the nse i ECK tomeity 1f the ECF tomaty »
raised with o substance ke wrea, winch diffuses freely across
the cell metnbrane and rases the tomaty of both estracel-
Iular and ceffular flud equally, this does not stimulate thirst
and antidurests to the same extent (Gilman, 1937) When,
however, the extracellular tomeity 1s rased by a substance
which does not diffuse into the cells, waler leaves the cells
untl the tomaity of extracellular flud and cells are agam
equal. The eells skezal. 1t 1s assumned that certown cells 1 the

) npstay stunulate the sensa

- o v woawa teere 15 much evidence that there
re toewlized receptors of thrs hind (Jewell and § erney . 1937,
Momey 1957) Recentls Andersson {18357} has also provded
additional evidence for & thirst centre  He found that when
be stimulited a certam area of the hypothalamus 1n goats
they drwnd, water as long s the simulus went on, even to th;.
ot of haemolysing their own red cells  With destructive
les1oms in the same region, the goats would not drmh water
:\tl;:n‘(ht) To\:}:mu\s‘)[) needed st The thirst centre and the

o7y O 1

hutgm!mb\y dmm:‘ll mechansm are very close together,



HYPERNATRAEMIA AND HYPONATRAEMIA
WITH SPECIAL RETERENGE TO
CEREBRAL DISTURBANCLS

Paut. FourmaN and PaTtnicia M Lrrosow
Medical Umt Royal It firmary Cardiff

Introduction

AN nabnormal concentration of sodium 1n the extracellular
flmd often presents a puzzling problem for the chmeian  As
15 well known, a change 1n the total amount of the sodium or
of the water m the body can explun many instances—water
deficiency or sodmum excess producing  hypernatraemia
water excess or sodmum deficiency produeing hy ponatraemin
But many cases appear to require more than a simple account
of gains and losses to explan them  Is this because 4 simple
explanation, such as a change in the amount of water in the
body, has been overlooked, or must one in such eases invohe
some new mechamsm, possibly under the control of the
neryous sy stem?

There have been a number of reports of ‘cercbral” hyper
natraecmia and hyponatraemin (Knowles, 1956, Edelman,
1956) With regard to hypernatracmia 1t seems likely that
some of the contradictions in the present views (Welt ¢t al,
1952, Iiggmns et al, 1951) might have been avorded, for in
hardly any of the patients reported could a frank water
deficiency confidently be excluded from the nformation
supplied This question 1s diseussed 1n the first section  The
subject of hyponatracmua scems much more difficult but of
sodmm defiency s exeluded, many of the remaming eases
can be accounted for by an abnormal retention of water
diluting the body flmds In the second section we present
some new datn on the problem, derived from a study of two

patients
26
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newon 1t may be recalled l:at two of Allott's patients had
hrentary haemorrhage

ha(ilt‘:: ;arﬂy tlu)c,mgh neglect of this phenomenon that solx:m
authors hn & been led to place cases of hypernstraermia with 2
fow unaary sodium 1 a separate group

Symp' of water & There are sev eral reasons
why nuthors deserbing seurogenic or cerébral hypernatraeima
may buve overloohed a water deficiency Theugh they often
state that there 15 no chinical evidence of dehydration in thexr
patients (e g Cooper and Crevier, 1952), this does not m fact
mean very much The word dehydrahon 15 used for two
chmes! states one of nater deficency slone, and the other of
salt defictency which generally also entauls a loss of water
Thus usage imphes that these deficiencies produce a similar
clinteal preture, though 1t was made clear long ago that this
1510t 5o (Ferpe! Fronwus 1035 Nadal, Pedersen and Maddoch,
1931} Water deficiency 1s not cupically obvious unless it 35
extreme, because the defiait 15 distrbuted throughout the
body water In salt deficiency, on the other hand the extra
cellular Quid though but a third of the total m volume, bears
the whole of the defiait, 2t s pattents with the latter who have
the haggard look the sunken eyes the small pulse and Jow
blood pressure of dehydrahion Patients with simple water
deficrency are 1l but there are no speaific signs of the defies
eney the tongue may even be mast, and 1t 15 not obvious 1tss
waler they Yack  If i addition as a result of a eramiofomy
therr faces are oedematous 1t may even be ruistakenly as
sumed that they have accumumlated water m excess  The
diagnostie difficultics are increased because, particularly i
older patients some of the most striking symptoms of water
‘}mf“'“f) atﬂdcercb::\l rather \\:’m \‘,sscular for nstance
which ean ml:‘r:uw a 1‘csm,|‘n (‘:‘I U::n(fl mt ll 1 of behawiour,
mahe 1t more diffieult to guz :\o:t; ‘l]}f: u:l;he:‘s‘) :LpZoms
pletels resersed with water ¥ om

Losses of water

Abnormally large losses of water ma;
£ unrecognized  Extrarenal losses may be larger than 3;
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The position of these centres in the ners ous sy stem suggests
that their control inyvolves more than a response to changes
m tonteity, and some purely neryous stunult such as prun and
emotion may intiate, or mlubit, thirst or antidiresis

A fall m the volume of the ECT can stunulate thirst and
antidiuresis, presumably through nervous pathways (see
Rosenbaum, 1957, Strauss, 1957) Snuth (1957) has dis
cussed at length where the receptors for the stimulus to ant
druresis might be some of them may be 1n the left auncle of
the heart (Henry and Pearee, 1956)

Hypernatraemia

Water deficiency

Normally, thurst and antidiuresis are stimulated by a very
small increase i extracellular tomeity, less than two per cent
(Wollf, 1050, Verncy, 1957) A concentration of sodmm ([Na])
m the plasma cxeeeding 150 m equny /I may certamly be
regarded as abnormal  In a study of water deficiency pro
duced cyperimentally m dogs values of 160, and mn one
ammal that died a valuc of 186 m equu /I, were found
(Ellunton and Taflel, 1942), m o man made water deficient
by Black, McCance and Young (1944) the [Na] rose to 160
m cqun /I In a patent from Texas reported by Gordon and
Goldner (1957) a valuc as high as 192 m equin /1 was reported
Ile recovered

The “dehydration reaction” The lypernatriema of
water deficiency 15 not simply the result of the blood becomtng
more concentrated, for m spite of the high blood level of
sodium there may be very hittle sodium m the urine, st 1s
retained m the body

Allott {1939), who first drew attention to the problem of
hypernatracmia, found the urmary (Na] ranged from 2 5 to
9'm equiv /1 1n four of lus patients It now scems most hbely
these low concentrations of sodum were a result of the
“dchydration reaction” first deseribed by Peters (1948, 1952)
The mechamsm of this reaction 1s not clear, though 1t appears
to be a renal response to a fall in blood volume, m this con
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nexon st may be rlecaued !l:mt two of Allott's patients had
limentary haemorrhage

ha‘xif.‘; ;::xtly thr)::ug\\ neglect of tns phenomenon that some
authors hove been led to place eases of hy pernatracmin witha
low urmary sodiumn m a separate gronp

Symp of water defi . There are scyerni reasons
why authors desenbing neurogeme or cerehral hy pernatraemia
may have overlooked o water deficiency Though they often
state that there 15 no chinical evidence of dehydration n ther
patients (e Cooper and Crevier, 1052), tis does not in fact
mean very much The word dehydration 15 used for two
climeal states one of water deficiency alone, and the other of
salt defirency wiich generalfy also entasls o loss of water
This usage wophies {hat these deficencies produce o similar
chmeal micture, though 1t was made clear long ago that this
1s ot 50 (herpel Fromus, 1935, Nadal, Pedersen and Maddock,
1941) Water deficiency 1s not clinueally obvious unless it 1s
extreme, because the defiat 1s distnibuted throughout the
budy water In salt deficiency, on the other hand, the extra.
cellular flmd, though but a third of the total 1n volume, bears
the whole of the defiait, 1t 1s patients with the latter who have
the haggard fook, the sunhen eyes, the smalt pulse and low
blood pressure of dehydration Patients with simple water
deficiency are 1ll, but there are no specific sigms of the defiere
*ney, the tongue may even be most, and it 1s not oby 1ous 1tis
water they lach  If i addition, as a result of o craniotomy
thewr faces are oedematous, 1t may even be nustakenly as
sumed that they have accumulsted water m excess  The
nggroszfcggﬁcultms ;_xre Increased because, parhiculsrly
dcﬁml’“w ol ss:;; 1the tx‘nost ;tnkmg symptoms of water
& and cont rather than vascular, for instance

, and disturk of behaviow
Which can mimic a Jesion of the frontal lobes T yorms

hese sy mptoms
make 1t more difficult to gmve water, but the
pletely reversed with water ’ ¥ can be com
Losses of water Abnormalt:
y large losses of water ma;
€0 unrecogmzed Extrarenn) losses may be larger than ;j;
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generally assumed, and a good urinary output does not ncees
sarily mean there 1s no defieat of water, for 1t may represent
farlure of conservation In the unconseious or helpless patient
the intake depends on the physician’s instructions and the
nurses’ care If the intake 1s less than the combined losses from
the skin, the lungs and the bowels, there must be a defiait of
water 1n the body and the plasma [Na] will eventually rise
Some cerebral lesions are assocrated with a lugh fever, or
with excessive sweating or with an abnormally rapid respira
tion With any of these the insensible losses of water may
tnerease from the normal value of some 800 ml They have
rarely been measured, but 1 one patient they were thought
to be as much as five litres a day (Gordon and Goldner, 1957)
One expeets the volume of urne to be small m water de
ficiency, and its concentration hugh  But there are three ways
n which untoward renal losses of water may contribute to
water defictency diabetes msipidus from a failure of the
pitwitary hypothalamic mechamsm, defective renal fune
tion, and osmotic drurests Neither the first nor the second
has always been excluded 1n cases reported as cerebral hyper
natraemia  Diabetes msipidus possibly explains cases 1 and 3
of Cooper and Crevier (1952) and one case of Natelson and
Alexander (1955) The force of this explanation 1s emphas
1zed by a patient reported by Peters (1948) a young woman
whose serum [Na] rose from 140 to 171 m eqmv /1 mn 24 hours
following an operation for cramopharyngiroma wiich was com
pheated by diabetes msipidus  In anncontinent patient a low
concentration of the urine may be the only clue to dinbetes
msipidus and the effect of pitressm should be tried 1n all
patients with hypernatraemia in whom this possibility cxusts
The excretion of a large amount of solutes produces an
osmotic durests (McCance, 1945, Hervey, McCance and Tayler
1946, Rapoport et al , 1949) Tius happens in spite of a water
deficiency (McCance, Young and Black 1944) and may ¢ven
be the cause of 1t
Urea, sodium and chloride are the mamn osmotically active
constituents of the urmme The exeretion of urea may be
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mereased by an abnormal ‘breakdown of body protein or \3}'
excessi e protemn in the diet. One hundred grams of protcin
contam 16 g. of mtrogen, excreted as 83 g. or 570 m-osm. r:f
ures Ten groms of sodium chlotide provide 350 m-osm. Itis
ot unusual for unconscious patients to recen ¢ these amounts
1n therr feeds; and their endogenous production of urea may
already be v ery large {Cooper et al., 1951). The hypernatraemic
patient of Natelson and Alexander (1935) y bly had
an osmotic diuresis when he was made worse with “non-
sabine flmds”, because these consisted partly of protein
hydrolysate equivalent to 100 g. of protem. In certain
neurologieal disturbances {Astrup, Gotzehe and Neulireh,
1951; Whedon and Shorr, 1957) and in water deficieney itself
(Black, McCance and Young, 1944) the breakdown of body
protemn may be greatly accelerated.

To detect & water defieit, the mmirum data required are
the estimated intahe and output of water and solutes, and the
volume and concentration of the unne. A water deficit is

firmed 1f, with the ad ration of water, the elevated
plastna {Na] falls

In many of the reports of cerebral hypernatraemua it is
mpossible to deade from the data given what the water
balance was The patients with hypernatracmia of hgoas
and Ius co workers (1951) seem to have begun with a deficit of
water of about ene litre. Subsequently their mtake of water
may have been as Little as two htres daily. Ther exogenous
osmolar load was about 639 m osm. We do not hnow what
was the total excretion, urme volumes and speaific gravities
arenotstared Theblood urea was hugh, and fell as the plasma
INa} fell, when their mtake of flaid was meraased Yo ot
——— 217

o seww subiusen, 1954; Allott, 1857)
Faiure of thiest, Even when losses of wnt’er do go un-

recogrized by the chmean, there 15 no daneer Af watem

depletion ne Tane 0

ands o
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msipidus the plasma [Na] 1s not usually very much ratsed, in
a patient of ours, & man of 28 with sarcoidosis, the plasma
[Na] was at times as hugh as 119 m equus /1, but he was then
very tlursty, and he would not tolerate the [Na] nsing any
higher  On the other hand, patients who arc apathetic, weal,
i} ated or may be unaware of thuwst, or
unable to respond to 1t In these patients cven normal losses
of water may lead to water defictency with hy pernatraem
It 1s not unusual to have clderly patients with cercbro
vascular disease who tolerate a plasma [Na] of 150 m equny /1
without any complant of thurst But when they are given
water they retamn it, and ther climeal and brochemieal
responses show they had a need for it We do not hnow the
possible sites of the lesions which may interfere with the
sensation of thirst m these people There 15, howeser, some
evidence that in man (Leaf and Mamby, 1952, Engstrom and
Licbman, 1958), as n the rat (Stevenson, Welt and Orlofl,
1950) and the goat (Andersson, 1957), neurologicnl lesions
may mterfere with the normal sensation of thirst

We have had the opportumty of studying a boy of ten who
had had a large suprasellar eraniophary ngioma remosed by
Mr C Langmaid There was no evidence of diabetes msypidus
before the operation  After the operation howeter, wlile he
was m a stuporous state, lus plasma [Na] ranged between
152 and 163 mequv/l It remamed high even when he
recovered, and was up and about, and recerving pitressin
The boy did not complamn of thirst and we think the lack of
thirst led to water deficiency and hy pernatraemia These are
some of the values before and after he recen cd prtressin —

Date Ilasmasolmum  Urinevol ml Specific

m equne fl per 28 fours grauty
Before pitressin 7 Now 161 1370
After pitressin 21 Nov 150 860
25 Nov 156 1420 1 008

The urine volume and speaific gravity while he was having
pitressin suggest the treatment was madequate, but he did
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not Tespond, as does the ordinary case of dinbetes snsipidus,
with thust (e recovered spontancoush from us diabetes
msipidus, and from s vy pernatracmma, nfter three months )
Although this type of hypernatraernia might be termed cere
bral, 1t 1s m fact o water deficiency due to the breahdown of
vne of the mecharusms that normally ensure woter balance
Renal effects of water deficiency Before leaving the
question of hypernatractmia due to water deficiency 1t may
be noted that m many af the reported cases the disturhanee
apparently produced a disorder of tubular function, mant
fested by olgumna with 1sosthenuna or by the exeretion of
urime with 2 hagh pIlin the presence of a systemic aedosis
{Cooper and Crevier, 1922 (Case $), Gordon and Goldner, 1957,
Allor, 21927} Thus suggests that severe water deficsency may
be accompanied by tubular damage, Aliott (1030) noted o

tubular degeneration in two of his cases post morfem
A tobular damage wortt v - ¢

ieast one of the patients ¢
It 15 ot possible to say

patients were water defient but all of them had a gl
blood urea and i relation to this the urine volumes were
certznly small Tt 15 also possible that in some Ppatients
(eg Allott 1957) polyura with hyposthenuna represented
the diretic phase of a tubular necrosis, itself the result, of
dehydsation

To sum up the question of cerebral’ hypernatracoua, &
falluzre of the thirst mechanssm with or \\'1)!‘\’10\11 a dmbe;es
wsipdus  accounts for some of the cases that have been
desenbed and as Gordon and Goldner (1057) have ably
:\:ust:atcd unrecogmzed renal or extrarenal Inecag of flind

¢ result of
if enough
- reslimated
vsue L water required to correct
Tiggmns and co \"ﬂl‘ke}gc?iga B ect o gevere deResy

} gave up to four hitres to th
patients they thotight were water deficient  We ove neaﬂ;
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this amount routinely Gordon and Goldner gave one of therr
two patients 8 24 Ditres in 24 hours and even tlus was not
enough to brng down Ius plisma [Na] to normal As long as
the plasma [Na] remains high there can be no nsk of water
ntoxication

Other forms of hypernatraema

It 1s possible to produce hypernatraemia by gving an
excess of sut (MeCance, 1956) though more usually this
produces an 1sotonic expansion of the extracellular flud with
oedemn

The homeostatic mechamsms may be so adjusted as to
mamtaun the plasma [Naj at a ligh level In experimental
potassium deficiency the plasma [Na] was over 150 m equis /1
although the absorption of sodium was small and the mtahe
of water 1s much as exght litres a day n one subject (Fourman
1954) Hypernatraemia 1s often a feature of aldosteronism
(Conn 1956} but whether or not tlus 1s the result of the
assocrated potassium deficieney cannot be stated Reeently
Zalva and Harnis Jones (1957) have discussed the possibility
of excessiv e adrenocortical activity producing hy pernatraerma
by a shift of sodium from cells to ECI

Hyponatraemia
We may arbitranly define hyponatraemia as a plasma [Na]
lower than 130 m equiv /1 It 1s obvious the concentration of
sodium 1 the plasma may fall beeause of a reduction mn the
total amount of sodrum in the ECF or beeause of an merease
1n the amount of water

Salt deficiency

A reduction of the fofal amount of sodium in the LCT 15
the result of sodnum deficiency

We have already emphasized that the chneal effects of
sodium deficiency are easily recognizable Tack of salt s un
likely to amsc unless through sweating sonutmg diarrhoea
or fistulous discharge, sodium 1s lost from the body because
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he ludneys normally conserve sodim efficiently Tor the
came peason In sodum deficency there 1s virtually no
sodium 10 the urme  To this there 15 one exception, naraely,
shen the sodmum defictt 15 actually the result of contmued
loss through the Ladney This happens, of course, 1n Addison’s
disease, and n ‘salt losing nephntis”  Furthermore, i
certamn patients with cerebral Jesions persistent renal losses
have been obseried, even when the intake of sodium 15 much
reduced (Weltetal 1902) The renal defect has been asenibed
to a loss of neural impulses affccting proximal tubular func
tion (Cort 1954) But the patient of \lernll, Murrsy and
Harnson (1936) with mahgnant hypertension was able to
maintain a normal sodum balance when his own hudneys
were replaced by o ludney which was transplanted from tus
twin brother and therefore deprived of its nerve supply It
does not seem then that a loss of nervous xmpulses 1s alone
zesponsible for a falure of the hudneys to conserve salt,
though the renal nerves do play a part i the sesponse to salt
deprivaion (Bricher e af, 1956) and to anoun (Folds,
Kovdch and Takdes 19052 b) The mechamsm of the defect
i cerebral salt wasting remains obscure Yiater excess
{see below) may produce & renal loss of sodium and some
mstances of so called salt Wasting may therefore be examples
of water retention

Hyponatraemia from salt deficiency ean of course, be
corrected wath salt

w
at Fuav VAUl LY produces a
relative lack of salt and water If

only water 1s provided the
{Na] fal{s Thus state of affawrs 15 seen most .«15.4 afh o

« v v oubdauon of

tear LT the patent while dnnking copio ;l

‘1),’:3 a small amount, of concentmted° o contring e
e s

unine contaimming ve:
odium (Nelson, Rosenbaum apd Strauss, 1901) 8 e
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Water excess

Water excess 1s a well recogmzed cause of hyponatraemia
when patients are given too much water while unable to
excrete 1t at the normal rate (Wynn, 1956) This may happen
m renal failure, i adrenal and pitwitary msufficzency, and
postoperatively, particularly after mutral valvotomy {Bruce
etal,1955) Iy ponatracmia from thus cause 1s usually obvious
from the circumstances Such patients may have no symp
toms, sometimes they have the syndrome of water intovics
tion, with fits and other profound neurologieal disturbanees
They may have hypertension, they certanly do not have
hypotension ‘Lhe face Jooks bloated, not drawn

Both sodum deficiency and simple water exeess respond to
the admmistration of hypertome saline with o rise n the
plasma [Na)] to normal which 1s subsequently mamtained

There remains for consideration a large group of cases
where the hyponatracnma does not produce symptoms and 1ts
mechamsm 1s obscure Llkinton (1956) and McCrory and
Macaulay (1957) have recently reviewed this problem The
hyponatraemia appears to be associated with an espanded
volume of LCT, and the hidneys do not excrete water or
retamn soditm to bring back the tomcity of the plasma to
normal (Leaf and Mamby, 1952)

There arc at least two possible explanations The first 25
that there 15 an abnormal stimulus to antidiuresis, say from
the ‘volume receptors”, operating through the secretion of
ADH or n some other way (Kleeman ¢t al, 1955, Gsburg
and Brown, 1957) Prtressin given expermmentally to normal
people leads to a retention of water, a fall m the plasma [Na)
and eventually an mereased renal loss of sodm m spite of
the low plasma [Na] (Leaf et al, 1953, Weston et al, 1953,
Wrong, 1956)

The second possibility 1s that an abnormal hy potomeity of
the cells determuines the hy potonteity of the ECE (Sims et al,
1950, Rapoport, West and Brodshy, 1951)

McCrory and Macaulay (1957) deseribed an nfant with
Quffuse cerebral damage and hyponatraerma  Xler ELY



Iy PERVATRARMIA AND 13 PONATRAEMIA 37

volume was greater than normal The infant did not excrete n
dose of watet at the normal xate and the authors thought she
as secreting an excess of ADH  An excessie seerction of
ADH would, of course, be appropriate only to a restncted
fhud mtake When her fimd intake was restricted the plasma
{Na] rose to normal

Schwartz and co worhers {1957) have recently suggested
that an mappropriate secretion of ADIL might account for
the hyporatraema m two patients with caremoma of the
bronchus whom they studied They 1mply that there was an
b 1 stimulation of the T for the
volume of the body fiwds Thewr patients had normat renat
and adrenal function, they excreted a normal amount of
aldosterone  In one of them the plasma [Na} fell as low as
103 m equis fi, but the extracellular volume, far from being
reduced as 1 sodwum deficiency was expanded and there
was no evidence of peripheral vascular faure The urine
was generally hypertonic to the plasma, and ths 1s the
printipal argument adduced by Schwartz and es worhers
that these patients were producing too much ADII The
kidneys of these patients did not conserse sodium when their
fuid rotake was unrestncted though they did so when
large amounts of salt retawmng steroids were mven Schwartz
and co warl eve A~ & .
dose of
normall
unnary

ww s any we plasma [Naj rose  Others have
also described this response to water deprisation in hypo
natraemia (see Edelman, 1956)

It might be mterpreted as
the usual * dehydration reaction” € pretes s

Some observations we have made on two patients with
unexplamed hyponatraemia are relevant

Case reports

Albert a2ed 62 was admitted on 251
2 25th VMay 19,7 m status epl
m‘:pammgﬂwrpmm and heavy sweating e bail"beegt\w::\
“mm‘“ TN then aithiough he had had a night hemiparesis for two
Which had become warse two months efore admission s
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Water excess

Water excess 1s a well recogmzed cause of hy ponatriemn
when patients are gnven too much water wlile unable to
excrete 1t at the normal rate (Wynn, 1956) This may happen
n renal failure, in adrenal and pituitary msufficiency, and
postoperatively, particularly after mutral valvotomy {Bruce
etal,1955) Ilyponatracmia from this cause s usually obvious
from the circumstances Such patients may have no symp
toms, sometimes they have the syndrome of water mtovica
tion, with fits and other profound neurological disturbances
They may have hypertension, they certmnly do not have
hy potension ‘Lhe face loohs bloated, not drawn

Both sodium deficieney and simple water excess respond to
the admimstration of hypertonie saline with a nse n the
plasma [Na] to normal which 1s subsequently mantaned

There remamns for consideration a large group of cases
where the hyponatraemun does not produce symptoms and ats
mechamsm 15 obscure Llkmton (1956) and McCrory and
Macaulay (1957) have recently reviewed this problem The
hyponatraerma appears to be assoctated with nn expinded
volume of ECT, and the hidneys do not exercte water or
retain sodium to bring back the tonieity of the plasma to
normal (Leaf and Mamby, 1952)

There are at least two possible evplanations The first 1s
that there 1s an abnormal stimulus to antidiurcsis, say from
the “volume reccptors”, operating through the seeretion of
ADII or 1n some other way (Ileeman et al , 1955, Ginsburg
and Brown, 1957) Ditressin given esperimentally to normal
people leads to o retention of water, n fall in the plasma [Na)
and eventually an increased renal loss of sodium n spite of
the low plasma [Na] (Leaf ¢f al, 1953, Weston ¢t al, 1053,
Wrong, 1956)

The secand possibihty 1s that an abnormal hypotomety of
the eells determines the hy potomaity of the I'CI (Sims et al,
1950, Rapoport, West and Brodshy, 1951)

McCrory and Macaulay (1957) described an infant with
diffuse cerebral damage and  hyponatraenma  IHer Lcr
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of the Jow plasma [Ns}, on 19th June be c"crc\cd 210 merqwv, of

Muscle analysis

The question whether the total sodium content of t):c' body
was low, or normal, but diluted by an excess of water in the
ECF could be settled by an analysis of musele.

Table 1
ANALYSES OF NLSCLE FROM THE THD F4T1 VT4, COMPARED WITK
“NQRMALY VALUES

meequie [hg fal free tussue
Walrr q‘Cl the !)\a 1Y
per cent
Albert ™4 318 455 o2
Tror ki 27 2 40 82
‘Talso, Spafford and Rlaw 77 6406 191430 33 TLE 4 03 059
{1958y
Wilson (1055) 75

5 256451 400180 Q23476
Darnes GordonasdCope 80 3416 231465 43 6:11 91 3183
9.7y

ANALYSLS OF 324534 TAKEN FROM THE TWO PATIENTS AT THE TINE
OF TRE MYSLLE BIUPSY

m oo I,

a Aa K
Albest 83 6 124 335
Tvor s 124 a7

The specimens were taken from 1)
paralysed muscles m both
Qnt\e?‘ts The" clectrolyte contents are shown in Table 1,
with “normal” values for specsmens talen from anaesthetxzcc{
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blood pressure was 180/80, IIis fits were rapidly controlled, but he then
had a bilateral spastic paralysis with extensor plantar responses, and
never reguned consciousness  On the second day he stopped breathing
and had to be d with n Beaver respirator for 12
hours. Subsequently he had a purulent bronchopneumonia and on the
fourth day a tracheotomy was done to enable a clear arrway to be
mamtained by suction The bladder was hept drained by a Ioley
catheter but the urine was not infected until the last days of hus ilness
He died on 11th August of bronchopneumona

At past mortem there was a lrge arca of softening in the left temporal
Tobe The vessels of the circle of Willis were yery atheromatous There
was evidence of an carlter hypertension, the left ventricle was hyper
trophied to a tinchness of 22 mm compared to 8 mm 1n the nght
ventricle, and the kidneys showed hypertensive changes There was
remarhably little evidence of wnfection 1n them although there was a
purulent eystitis

Albert was certainly water deficient 1n the early days of lus 1llne‘«

. . . N -
. . v

blood was 55 per cent  He was then given six hitres of watern two duys,
the pached cell volume fell to 41 per cent and the plisma [Na] fell to
128 m equiv /1 Subsequently Ius plasma [Na] fluctuated between 130
and 110 m equrv /1 The blood urea was 31 mg per 100 ml and the
creatinine clearance 70 m! /min

Ivor, aged 54, was adnutted on 11th June 1957 having been il for 18
days with acute peripheral ncuropathy alfecting mainly the motor
nerses and accompanted by an enlargement of the liver  The plasma
albumm (2nd July) was 29, and the total proten 6 g per 100 ml
The cause of Ins iiness was not discovered In the next five days he
devcloped a partial respiratory paralysis with bronchopneumonia Ifis
blood pressure, which had been normal, fell to 90/60 Subsequently
he was fed by tube, and lus purulent bronchral secretion was aspirated
through o tracheostomy At the end of June he began slowly to recover
and was taking some food by _mouth on th July, but almost immedt
ately had a severe relapse  Tube feeding continued until the end of
July, by which tx:ne he was able to move Ins mbs, tl:o:xgl: (11!2 were
st -

1
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tome salme {Crawford and Ludemann, 1951; Birchard,
TReosenbaumn and Strauss, 1953, Tapper et al, 195G), and
depends, of course, on the hberation of ADH (Holland and
Stead, 1951)

HIERT e
momft

Water deprivation
When flud was v
l'irtced a unnie of small

¥

bheld for 19 hours both
atie)
volume and heh Qﬁmf\lahﬁ l’rf.l\tj ;ir‘w
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patients The potassium content was normal The sodum
content, far from being Jower than normal was i fact at the
upper limuts of the normal The chloride content was sl
arly high  For this to happen with a low concentration of
sodim m ECF, the amount of LCF 1n the muscle samples
must have been larger than normal

Hypertonic saline

The infusion of hy pertonie saline produced only o transient
mereasc tn the plasma [Na)

The response was studied in detail in Albert  He had 500 ml
of 5 per cent sodium chloride (436 m equiv ) mfused over
about three hours on 15th June when s plasma [Na] was
mutially 127 m equv /1 (Fig 1)

The 1mmediate response to this infusion was an osmotic
dwresis with an output of 7 8 ml /mm of urine contaming
830 m osm and 155 m equiv of sodium per htre Dunng
the infusion he excreted 80 m equiv of sodium The plasma
[N&] increased to 148 m equiv /1 during the infusion and was
138 m equiv /1 at the end In the following 21 hours he
responded quite differently Ile excreted only 50 m equny of
sodium and his urine flow fell to 0 2 ml /fmun with a concen
tration of 696 m osm/l He was thus retaming water and
diluting the sodium he had retained  Three davs later his
plasma [Na] was agmin only 180 m equus /1

Ivor had infusions of 800 ml of 5§ per cent sodium chlonde
on 22nd June and 510 ml on 2ith June Ve did not mahe
very detaled studies of his response but the plisma [Na]
before and after the sccond infusion was 113 and 115 m
equtv /I Dunng the first three hours of this infusion when
he had rceerved 190 m equiv he excreted only 80 m cquiy
Both the infusions were followed by a retention of water

N hese arc not the responses one would expeet from salt
depleted patients (Blach Platt and Stanbury, 1950) They
imply that the osmolality of the body water was being
maintained even at the expense of inercasmg the volume of
the extracellular flurd  Tius 1s the normal response to hy per
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tome saline (Crawford and Ludemann, 10.;:1,1912101';21\::3
Rosenbaum and Strauss, 1953, Papper ef al, 1956),

depends, of course, on the hberation of ADH (Holiand and
Stead, 1951)

ERT  stva
AD |
Tﬂ ! Lccaacic remmn
=, .. L .
.
« - - ; ' - « & o
Nu{q’vﬂ ]

i
}

- Sk

Fig 1 The changes 1n total sodum excretion wnine flow
sodum caneentration snd osmotic eoneentration of the unne
after the infusion ol 200 ml of 5

per cent sodium ehlonde
(436 m-equiv |

]

Water deprivation

When flwid was withheld for 18 hours both patients pro
duced & urine of small volume and hioh pematet £ Vv
Tha v

¥
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low The ratio of unne to plasma osmolakities, which ean
normally rise to about 4 with water deprivation, was 8 7 1n
Albert and 8 3 m Inor The deprivation of water was assoct

Table Il
EFFECTS OT DEFRIVING TRE TWO PATIENTS OF WATLR TOR 19 nouns
Changes wn urine and plasma Albert Ivor

Maximum urine concentration (m osm/1 ) 904 870
Flow at maxumum concentratron (ml fnun ) 0 27 011
[Na) (u equns /m! of unine) 22 6 146
Plasma (m osm jl) 243 267
Change in plasma ([Na] m equiv /1) 112-117  112-123

ated with a great reduction n the renal excretion of sodium,
and the mncreases m the plasma [Na] were unexpectedly
large They were not muntamned however, for the plisma
{Na] had returned to the origmal levels after 48 hours

Effect of water

The effect of a water load was adequately tested only 1n
Albert, who on 15th July received one litre of water in 80
mnutes, by stomach tube He excreted all of this water 1n
less than three hours, achieving a diuresis of 7 3 ml /mun,
with an osmolal concentration of 5% m osm /I, and a sodium
concentration of 4 m equnv /1 These low concentrations are
similar to the mimmum values obtained in normal persons
(Schoen, 1957) The values for the plasma sodium before and
after the test were 115 and 112 m equn /I Remarkably low
osmolal concentrations were found twice m the 21 hour
collections of urine from Albert The values, 158 and 168
m osm /1, were lower than m the plasma, m spite of the fact
that at these times the plasma [Na] was exceptionally low,
104 m equn Jl, these values were obtuned on the days
mmedrately following administration of pitressin (see below)

We did not find any very low urmnary concentrations mn
exght 24 hour collections from Ivor that were tested In one
specimen an osmolal concentration of 215 m osm /1 was the
same as that of the plasma taken at that tune
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Effect of potasswam chloride .
Tn view of Laragh s (1904) findings of a mse1n plasma {Naj
sith the admmstration of potassium chlonde m patients with
hyponatrsemia we gave 100 m equv of potassium chlonde
on two successne days to both the patients There was no
1ncrease 1n the plosma {i] and only » shight rise 1 the plasmn
K
: ’%he data so far reparted show that the renal exeretion of
sodium could be made to vaty from v~ry small to very large
amounts and wn parhicular although sodmm continued to be
excreted whule the plasma concentration was fow, the hadneys
were able to consers e sodium during the dehydration reaction
But a nse n the plasma [Na] produced by hypertome sabne
was followed by retention of water whaeh restored the csmo
lality of the plasms to1ts onginal level

Effect of pitressin

Alf these results might be taken to show that these patients
had an ntact anhdmrehe mechamsm which operated to
mamtain their plasta osmolality at a lower level than normal
TFherr response however to exogenous ADH given as pitressin
was quite unexpected

After oue btre of water by wtragastne dnp the pahents
recerved 160 mu of pitressin intravenously and 5 1w of
prtressin m o larly Urine was collected 1n hourly
periods for the following five hours the gastne dnp was
runmag throughout but the amounts given after the tmtial
load were unfortunately not recorded The results are shown
i Table ITT Tn Fig 2 they are compared with the results of
water deprivation  Ivor began with a concentrated unne,
but after the first hour the maxuweum osmolality achieved
after pitressin was some 500 or 600 m osm. less than after

dehydration The effect of pitressin was test
m Albert and he then : v

In passed urine with a concentration of
N3 mosm M that 1 lower even than his own hypotonse
plasma The low coneentration af urme m these tests de
pended on Yhe comparatwely fugh unne flow, and not on a
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reduced exeretion of solutes  The rate of excretion of sodum
and of solutes was actually Ingher than with dehydration,
though lower than immediately before the pitressin was

Table 111

IFFreTs OF PITRISSIN IN THE TWO PATILNTS WIILL THIIR
INDRATION WAS MAINTAINI D

Changes in urine and plasma Albert  Ivor
Maximum urime concentration {m osm /1) 230 15~
Flow at maximum concentrition (ml /rmn ) 135 24

32 2

INa] (1 equns /ml of urine)
Plsma (m osm /1)
* The results on t! ¢ first collection (<ce Fig ) hase been neglocted

233 1

given  Glomerular filtration rates were not measured The
same batch of pitressin was shown to have normal retrvty

m other subjects

DEHYDY PITRESSIN |~ DEHYDM PITRESSIN

N N S

mosm mogm a
800, 00,
el PLASMA 600
400 400
200 200
WESY B 2 EHRHRB S TEET K a G6unBeh
TARY o) BERT 5™ MY VOR 8y

fia 2 Companson of the changes 1o the flow atil concentration of unne
following deprivation of water and following piteessin and a water Jon 1

The difference between the effects of water depra ation and
pitressin 1s far greater than anytlung ebserved m normal

people (Jones and de Wardener, 1956), and indeed ndicates
an olmost complete fumlure to respond to ptressin an the
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presence of a water load while the response to water deprivas
tion was nearly normal  Pitressia was not entirely without
effect on the unne flow smee this dimnished

The fmlure of Albert and Ivor to respond to pitressin mght
represent the human counterpart of the expenments of
Wesson and ¢o workess {1900} Thesr dogs with an isotome
evpanston of the ECF did not respond to pitressin

YFe have menttoned that the farlure of response was not o
complete one and 1t therefore remams possible that the
ongmal expansion of the ECF represented an effeet of the
patients own ADH s Sehwartz and co workers (1057)
postulated for their two cases Although Schmartz and co
workers do not temark on 1t there were occasions when thar
patient W A Dke Albert produced a hypotome umne
follewing an addttronal expansion of the ECF These obser 1
tions would be consistent with the suggeshon that when the

ECF 1s expanded beyond a certam pomt the hadneys become
refractory to the action of ADH

If we assume that an overproduction of YDH wasrep
for the hypotomerty of the ECF wm Albert and Ior the
alternatives previously suggested still remam whether the
stimujus to ADH production represented a homeostatic
mechamsm for mamtanmg 8 bypotome ECF in two people
who might hate had hypotonic cells or whether st repre

sented a response to an abnormal stunulition of some un
wenhfied receptor

IR

Summary

The problem of by pernatracmia seems general to be one
of water defiency That of hyponatraema 1s sometimes
one of salt defireney but often one of excessive dilution of
the ECF with water The latter seems to have been the fault
n the two patients we studied  Muscle biopsies rexealed
normal or high sodium contents In their responses to hyper
!‘Omc sabne wat‘er deprivation and water Toading therr

were ady d to

abnormaily farge volume of ECF with low tomety Thouzv;ll
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reduced exerction of solutes The rate of exeretion of sodium
and of solutes was actually higher than with dehydration
though lower than mmediately before the pitressm was

Table I{

TFroeTs or PITRISSIN IN THE TWo PATILNTS WHILE THFIR
ITYDRATION WAS MAINTAINTD

Changes 1 unine and plasma Aert  Ivor
Maximum urnine concentration (m osm /1) -0 bk
Ilow at maxtmum concentration (m! fnun ) 13 24
[Nl (i cquns /n 1 of unine) 2 602

213 213

Phsma (m osm /1)
* Tl e results on t1 ¢ first colfectlon {see 2z 2) 1 436 been prglected

given  Glomerular filtration rates were not measured The
same batch of pitressin was shown to have normal activity
1n other subjects

MVDEHYD" PITRESSIN e, DEHYDY PITRESSIN

Hn akn
f ’ £
1 P t
[r v % //% T r— %
o ol ASMA.
800 800,
50! PLASMA 600,
400 400
200) 200
YMEE‘:E:’T: oW Ly IR
ALBERT *** HIVOR

o 2 Comparimon of tle changes in tle flon ani concentration of unte
followng depriation of water and followir ¢ f itressin and o water Joa}

The difference betwcen the effects of water deprivation and
pitressin 15 far greater than anythig observed normal
people {Tones and de Wardener, 1950), and indecd mdieates
an almost complete failure to respond to pitressin n the
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they produced a hypertome urme of low v olume when depra ed
of water, they did not always produce a hy pertonic urime with
pitressin and water. Under certamn circumstances, thercfore,
the hidney can exerete o hy potonic urme 1n the presence of
pitressin wiile retaining ats ability to respond normally to
dehydration
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ot 1 mpwnatriemia, The unne
One finds both
. +hat mught seem
o, .t P
. .t .
mtestine?

Desaulles 1 have no precise data. 5
B(:ck 1 want o express agreement with Dr Fourman, because 1 think
that none of the alleged clinical tests for water depletion, such as the

~¢hom vncerhla eanse of

v
Fourman 1 think thatisa very interesting comment ‘Lhe very severe
dehydrations probably do produce renal lesions and we have been
wondertng whether that accounts for the systemue acidoss, which 1s so
often a prominent feature

Wallace  Chlonde scidosis always occurs

Fourman What 1s the plasma bicarbonate?

Wallare Tn our expenence t1s slwayslow Chlonde 1y maling bicar-
bonate forfcit 1ts place 1n seruw

Desaulles ?r Fourman, wasit possible to mahe sterord determinations
AT Srasr rmen'
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We have made nn observation on ammals that is not identical but
may ]1(‘)mt n thc‘ same direction as the observation you have made 1f
N v P B \ f

the sensitivity to pitressin
3N T . Coer e aman.
H

\ . .
unne was normal A Gowenlock 1 Manchester mensured the aldo
sterane output in one of our patients and 1t was normal Yo alo dud
17-hetosteroid assays as a crude measure of their corticoid output, and
the results were normal It 1s obvious that the hvponatrnemin does not
lead to a stimulation of the aldosterone output of the adrenal

Desaulles Could this be given the same interpretation as the findmgs
of Prader, Spahr and Neher (1035 Schiceiz med  Wsehr, 85, 10851
There may be some form of sothum lesing sy ndrome

Adolph” Tt seems tome Dr 'ourman that in order to show that there
15 somctlung more to anc of these syndromes thin o lack of drmbing
belhviour or drinking response on the part of the mdividunl, you have 10
perform your testsin a certain order 3 ou have to be sure that the patient
has plenty of water when j ou do the salt test and plenty of salt when vou
do the water test  Could you have switehed the tests around and still
obtmned the same results?

Tourman 'The saline load was done thrie wecks before the dehydme
tion 1he dehydration preceded the patressin by one day in one of the
patients, by o week in the otlier patient  The mitresan test was accom
panted by a load of water at the time I do agree that one test con
influence another but I do not think that they did m tins wstance

Borst When a lagh or a law sodium concentration i the blood plasmn
15 mamtamed we believe that this av almost alsays doe to an ol
ficient circulation This msullicieney often vesults from dehyvdrtion but
it may hayve other causes such as eardme fatlure or by poprotein wenus
We found a lugh blood sodum in nnacme patients who lad had
recurrent hacmorrhages from peptic uleer  They had no frec aceess 10
water and had been trented with abundant saline mfustons  they had
substantinl ocdema  During severnl dayvs the urmne contamed fess
sodium than tap water  After a large transfusion of blood the sodm
excretion started and the blood sodium fcll to n normal fevd St
tancously, the output of water increased and the urea conetntration of
the urme which had been very high deereased  ‘1he counterpart wos
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A targe blood transfusion eheited a considerable water diuresis and the
blood sodm rose to normal, while the oedema flud was excreted.
With both the hugh and the low sodium conrentrations the eirculation
was inadequate. In the first mstance the excess of sodmm and a less
considerable excess of water was excreted as soon s the normal blood
volume was restored  In the second the nise in blood volume led to the
PSR S N SR R S e e o

salt and water has an effect on the cireulation  The problem 15 that an
d 1n patients eannot be measured

masatisfactory way Since this factor cannot be distegarded we have to
estimate 1t on the basis of indirect evidence




GLANDULAR SECRETION OF LLECTROLYTES

Jorn HEss Tuayscy
Medical Dey A, R let, Copenh

Tt ducts or tubules of glands with external secretion are
usually quite complex tn structure and morphologically they
differ to a considerable extent from gland to gland It 1s,
therefore, reasonable to assume that the ducts do not merely
serve as pathways for the sceretion formed m the acini, but
that they contribute somehow to the elaboration of the final
sceretory product This possibihity has already been considered
in the past century by Merhel (1883), manly on morphologicl
grounds, and by Werther (1886), who made a comparative
myestigation of the concentration of salt in various types of
sahva The results of these experiments were however
mconelusive, and m 1950 Babhlin restated the need for o
study of the physiology of the glandular ducts  Since then
certun advances have been made through comparitive work,
by the application of coneepts from modern rennl physiology
and with the use of cleetrophystologieal methods, relating
changes 1n membrane potentials to 1onie transport It 1s the
purpose of the present paper to review this work and to
present o theory of the mechamsm of glandular clectroly te
secretion based on the avalable data

Tig 1 shous a companson between the concentrations of
the main clectrolytes 1n sweat parotrd saliva, tears and
pancreatic Juice mn relation to sccretory rate ealeulated m
milhgrams per gram gland per minute  The following simil
arities and differences between the four seerctory products
arc apparent from I'g 1

The Excretion of Sodium
In sweat and 10 parotid saliva the concentration of sodium
1s smaller than the concentration of sodium 1 plasma and
02
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yanes with the rate of seceretion  With mereasing secretory
rate the concentration of sodium nises to about 60 m equis /1
i the sweat and to about 90 m equiy /I m the parotd saliva,
but no defimte masimurm 1s reached in exther secretion  This
finding conforms with the old work of Heidenhawn (1868)
Langley and Fletcher (1889), Kattstemer (1911, 1913), and
Hancoel. VWhitehouse and Haldane (1529}

stenenion LLLD

PaBaT O SAUYA (1) N

SwWEM {

e

concEw w4 ON wmER PER TER

ENERCINE @
SECAETORY BATE (MG Pr GAM GLIND BER K NGTE)
L a

«

mln tea:s and in panereatic jutce the cancentrationaf sodiam

sod?f.i:r\en::“;; 1;\‘3161’ s abaut equal to the concentration of
sma wate)

e ¥ T and 15 independent of the rate of

The Excretion of Potassium

Th
—— ‘; :::::n;mtgm of potassium m all four secretions s
o1 widie ranges of vanation m. seeTetory rate
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In parotid salna however, n defimste rise 1n potassium
concentration 1s noted at rates smaller than 15 mg per gram
gland per minute  Ilns finding 1s m agreement with the results
of I angstroth, McRae and Stavraky (1938) and Burgen (19.6)
A smular rise 1n potassium concentration possibly oceurs at
low rates of sweat seerction (Kune 1956) but could not be
demonstrated with the experimental techmque employed by
Schwartz and Thaysen (1956) In the two other secrctions n
rise m potassium concentration at low scerctory rites hns
never been obseryed

The Dxcretion of Anions

lhe mam anion of sweat and tears 1s chlorrde  Tlis amon
accounts for about 80 per cent of the sum of the concentrations
of soditim and potassium m the tear flurd  Chlonde concentra
tion of sweat 15 not depreted m g 1, but Tocke and Ius co
worlers (1951) found the following relation sodmm=
1 12 chlorde+-3 m equus /1

The cluef anon of parotid salvn and panereatte juree 13
brearbonate  With nereasing scerctory raite the coneentry
tion of bicarbopate nises i both sceretions and reaches »
maximum of about €0 m equiy /1 m parotrd saltva and about
90-130 m cquiv /I n pancreatie yuice  When ths masmum
concentration (whieh 1s subject to mdisidual vanation) hias
Leen arrned at the concentration of brearbonate remans
mdependent of further mereases m the rite of secretion  The
concentration of chlorrde varies mversely with that of 11
carbonate  In both secretions and at all rates the sums of the
concentrations of the two antons equal about 50 90 per cont
of the sums of the concentrations of sodum and potasstim

The following hypothesis ins been put forvard to explamn
the demonstrated differences 1 the exerction of the waun
cations In all four glands a precursor solution s formed m
which the concentration of sodium 15 mdcpendent of the rate
of precursor formation  In the sweat and protid glands but
not i the other two glands sodium 15 consequenthy reab
sorbed by a process of a imited n avimal eapacity {1haysen
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3 d
Schwartz, 1954, Thaysen, 1055, Qchwartz an
"ll:hhz;rsle::liosa, Bulmer and Forwell, 1956, Tiro R’\sm\!ssen;
hillmann and Thaysen, 1936) Like sodium, potassum
transferred 1nto the precussor at » constant concentration,
But 1t 15 not reabsorbed w any of the glands The nse n;
potassrum concentration at the low secretory Tates n p'\mtur
salva (and 1 sweat?) may he secondary to reabsorption o
water from the precursor as wdicated by Langstroth, McRae
and $tavraky (1938) and by Thaysen, Thorn and Schwartz
(1924} andfor to an exchange between sodum and potassium
10ns duning the process of sodmm reabsorption

Table T
COMPARISON RETWEEN THE CALCULATED CONCENTBATIONS OF SODIUM AND
POTASITIC N THF RETIONS OF FOUR PRODLETS
ANT THE COSCENTRATIONS OF THE SAME IONS IN PLASMA WATFR

(T TSWEAT{PAROTID | LACRYMAL | PANCREATIC | PLASMA WATER |

Fig 2 shows a linear regression of the rate of sodwum
exeretion m parotid saliva on the rate of secretion  Accordmg
to the ubove hypothesss the values for slope and intercept 1n
Fig 2 can be nterpreted o mean that sodwim 1s transferred
wnto the precursor solution ot the rate of & 112 THICRORGUINA

lents per mg of saliva discharged and that 2 4 micreequIva

lents are subsequently reabsorbed per gram gland per minute

The sodium ton of the sweat y has been
cdlevlated w & stmular manner from the data of Schwartz and
Thaysen {1936) and the values are compared to those of the
other seeretions and to plasma water 1 Table T According

ta Takie T the sums of the eoneentrations of sodiam and
potassium in the

presecretions of sahva and sweat are lower
thant the sums of the concentrations of the same sons 1 the
wo other secretions and 1n plasma water No other eations

20X rr—3
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are present n parotid saliva and n sweat m suffierently Jarge
concentration to mahe up for ths difference Judging from the
results of Table I, the production of sweat and parotid salna
should therefore involve secretion of hypotome precursor
solutions, & process which a prior: does not appear very hiely

PAROTIO SALIVA Vi

.
2," yo 00112(20005)x 24(°04)

Y+ SDDIUM EXCRETION (m cro tquivalents fgram gland/m n}

W
20 ] 60 ) 100 120

X»SECRETORY RATE {mg/gram g snd/m n}

Fio 2 Tle relation between the rate of sodiim
excretion in parotid salva (in microequivalents
pt - e e omnoa

. .
glan 1 er minute

Tt must be emphasized, howesver, that the caleulated figures
for preeursor sodmm concentration {and sodiwm reabsorp
tion) n the sweat and parotid giands underestimate actunl
values, since the regressions for sodium exerction on sceretory
rate have been fitted to points which approach, but do not
reach, a rectilinear relationslup within the observed range
(ef Ig 2) One explanation for this constderable splay 1n
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the observed values from the as:'mpto::‘ec::éi;i :}::;‘t;c‘:f:z
water 1n
ot Qﬂ'h’i“‘-: hack‘ ilninr“sxj: ’Df rated below there 1s reason-
X

sﬁm"::ahtahv; evidence to suggest that water 15, mn fact,

:ealeasgrbed from the precursors of sweat nndfparohd sahve"n:t

tion of uren ;n sweat,

g 3 illustrates that the concentra ,

tcfrlso and parotid saliva remains proportional to the con
3

D IVETARTUNP 6O
AL AATER)

' PAROTID Sastor usaez>-xes)
TRAIES 03 mifren)

DTEARS-Q9T00NR 20D

mq 00 m b
CONCENTRATION OF URIA N SICRLTION (mqfi0d
g

30 400

306
1N PLASHA (my A0 i}
FI6 3 The relation between tha annamaas

0
CORCINTAATION OF UREA

centration of urea 1n the plasma wmithin 2 wide range of varia
tion in the latter Ts finding sndieates that urea 13 excreted
in these secretions by o process of simple duflfusion and not vya,
a speeifie secretory ret - .

by increasing load

s & tracer for the - - .
glands in a smnlar o e guomerular nephron
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Fig. 4+ shows the relationship between the S/P (sceretion/
plasma) coneentration ratio for urea and the rate of scerction
of sweat, parotid saliva, tears and pancreatic juice.

In tears and in pancreatic juice there is apparently dif-
fusion equilibrium between the secretion and the plasma atall

1 sweat(n PAROTIO SALIVA (2)
|
1
201 |
1
\
\
15 S
< Y
w
3
2
o M-
3
=
as;
12 7EARS (3) PANCREATIC JUICE 4,
Ty (S
08

EN DR,

rates of glandular activity. On the basis of these findings no
statement can be made about the existence or non-cxastence
of an internal circulation of water i these glands.

Tn sweat and in parotid saliva S/P urea varies with the
rate of scerction, In the sweat S/P urea decreases l‘r.om
o or 8 at the low sccrctory rates to about 1 when sweating
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becomes profuse (Araks and Ando, 1953, Bulmer, 1957) In
parotid salrva the ratio decreases from about 1 6 at low rates
of sceretion to about 0 6 when the flow of salina 15 brish
(Atbrectsen and Thaysen, 1955) Swnce no speaific secretory
mechamsm for uren exists m either gland, 1t 15 reasonable to
conclude that urea which 33 diffusing mto the gland with
some precurser solution, 15 raised to a concentration greater
than that of the plasma by reabsorption of water from the
procursar 1 4 region of the glhnd which 15 Jess permeable to
trea than the site of precursor formation  The rate of change
 ${P urea with secretory rate suggests that water reabsorp
tion represents a relatively constant quantity at all rates of
precursor formation and 1t 15 not unreasonable to assume
that the reabsorption of water occurs as a mere passive
sequence of active sodium reabsorption

Quantatatine mformation about precursor formation and
water reabsorption can however, hardly be gamned from these

results or from simlar “clearance™ studies with other solutes
Morphological and physiol

mieil evidence strongly argucs
aganst the possibahity that the seeretion precursor represents

an ultrafiltrate of the plasmn lihe the urme precursor of the
glomerular nephron. A glandular mulin * probably does nat
cust and 1t 1s quite possible that exact hnowledge abont
the composition of the precursor sceretions and about the
manfer i which they are modified as they flow down the

glanduwlar ducts ean only be obtaned by micropuncture
techmques

Iihmcvcr Lundberg {10353 1957ab¢) warl ne ~m o

m s> Wial sudm 15 reabsorbed from a
ptv;eu:;nr “l?mm 1 some of the duct possessing glands
n the submavillary gland, which prog
uces & se
which sodwm conee . b tory e

ntration 1anes with seereto
rate
:bou‘t the same manner gs m narot d et ry‘
- .-
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gland 1s activated by stimulation of the chorda A similar
mtcrnal duct negativity could not be demonstrated 1 the
sublingual gland (Lundberg, 1957a), which (like the lachrymal
and panereatic glands) produces a scerction that 1s 1sotonie
with the plasma and has a sodum concentration of about 150
mecquv /I Provided that the potentinl changes on stimu
Iation can be regarded as the clectrical signal of 10me trans
port, Lundberg (1957¢) coneludes that there 1s a net teansport
of ecation from the lumen to the blood side in the ducts of the
submazxdlary gland, but not in the sublingual gland  Although
the composition of the submaxillary scerction was not
measured simultancously with the duct potential, the latter
appears large enough for 1t be to aceepted that the reabsorp
tion of amon 1s merely a passive sequence of active cation
transport

With onc microelectrode mserted nto acous cells and the
other electrode on the gland surface, Lundberg (1955, 1957a)
detected n considerable inerense in the negativity of the
acinous cells on stimulation of the submaxillary as well as of
the sublingual gland The lumen of the acim, hkewise,
becomes negative as compared to the morphological anterior,
but this negativity deereascs shghtly with continued stimu
lation of the gland  These potential changes may be ducton
net transport of anion from the bloed side into the glandular
lumen  In another paper Lundberg (1957¢) direetly demons
trated this amome dependence of scerction and scerctory
potentinls 1n the perfused sublingunl gland  Substitutton of
sotium chloride with sodium mitrate or sodium thiocyanate
caused the seeretion to stop almost entirely and decrensed
the potential changes The scerctory response and the
potentials reverted to normal when sodum chlonide was
agan added to the perfusate

On the basts of the experiments quated i the present
report, 1t appears reasonable to suggest the following mechan
1sm for the sceretion of electrolytes and water by the duct
possessing glands - Active outward transport of antons 1s &
main factor in the formation of the secrctory produets of all
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glands Tn some glands the chief anon transported 18 chlonde
(sweat, tears sublmgual saliva), 1 others bicarbonate 1ons
are added in varymng proportion, possibly due to the presence
of carbomc anhydrase m the eells {pancreatic yuee, parotrd
salina submavllary sabva) It 15 reasonable to assume that
water moves in & merely passive sequence of 1onie transport
from the blood side mto the glandular Jumen, and thot the
presecretions of all glands are 1sotome or nearly 1sotome

In certmn glands (sweat, parotid and submaallary} sodium
15 reabsotbed from the precursor secretion as it fions dewn the
glandular duct system and 1t 15 hikely that anions move from
duct lumen to the blood side in a passive sequence of the
active sodium reabsorption  The chief anion reabsorbed n
this manner appears to be chionde, ndependently of whether
the pimary seeretion contams prumardy chioride or primaniy
hicarbonate 1ons It can be scen from a glance at Fig 1 that
the parotid and the pancreatie glands apparently form pre
secretions of quahfatively sundlar composition, and that the
main dilference 1 the amome pattern of the final seeretory
products 13 that chloride jons have been removed from the
saliva precursor  As a consequence of actne sodwum re
absorption a certam quantity of water 1, moreover, diffusing
bnek mto the blood stream, although 1t 15 cbvious that
water reabsorption does not aceur isotomcally as m e

Beov 1

v v bansports in the duet possessing glands
\ccording to Fig 5 1t 15 however, notp unre'\soifble to
suggest that sodwm reabsorption 1s located m the striated
intralobular ducts  Striated epithelum s present m the
paratd and submaxillary glands which apparently reabsorb
sodium but it 15 absent i the sublingual, pancreatic and
lackrymal glnds whieh show no ey wdence of sodwm re
absorption  The precursor secretions are probably formed

by the acmt as well as by th It
ey et o y the cubowdal epithelium of the

TIner producing a viscous seeretion
With a tagh concentration, of orgame ;mtcnal, the latter a
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watery secretion with a low concentration of organic material
(cf. Babkin, 1950), With respect to the sweat gland it is

SWEAT PARQTLS SUSMAX. | SUBLING | PANCREAS lACRVMLI

Y

i

N2

SNG< ECN: S = EC

SNu

@@ 1B he

varies with secratory rate S o Ndeendent of secretory rate

N

P e % am me - efelapg

suggested that precursor formation 1s located in the coil,
whereas reabsorption of sodium takes place in the duct.
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rates of sceretion  Certanly this 1s not the ease m the parotd gland
(I'ig 4,p 068) Connerscly, I donot yventure to claim that the cells in the
duct are impermenble to an extent that would completely present urea
from dilusing back nto the blood stream along the concentration
gradient created by water rebsorption But the amount of urea diffu-

. . B oo it

slowly over othiers  Tlus difference is not important when one measres
total body water as the volume of distribution of urea, beeause one waits
until complete equilibrizm has been established before the measurement
1ismade But thed 15 n the rate-dependent processof
secretion, where the time avarlable for diffusion becomes hnuting

Kartonen In prolonged sweating the potassium concentration s
lugher to start with and then gradually decrenses There 1s no simlar
change i sodium or chlornide and that would agree quute well with the
reabsorpton and 1 storng of f n the tubule, whereas
sodium and chloride are not stercd (Allman el al (1933) Aeta endocr
Copenhagen, 12,110)

Thaysen Yes, the first sample of sweat obtained after sttmulation may
hve n lugher potassium concentration than the following ones  One
renson for this may be that the first sample is contaminsted with ccliulr
dcbris, schum and sweat residues on the sl\ull surface

Coata
- v . 4 em a1 mmmtam mtne Ve lle Unraaen

;pecuht;‘l that the vigorous flow of salva, eaused by stimulation,
*pushed out " first a small amount of seerction, which had been prnduﬂ:il
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solium concentration falls The net ar'mv‘unt of sodmm ost from the

G ue yavduy v uppt prysiol, 8, 621 ‘

)
Adolph Can somebody clanty the reports that tears are yery hyper-
toase when they are formed?

Davson 1 id some analyses 4 long tinte ago, and we discoyered that
the chlaride concentration was equal 1o that of the blood. Itisa very
dificult probiem obtasung tears, beeause you bave got to make the
rzr:ﬁon cry ‘5‘7 hard to get enough 10 80 an anslysis

S st nriaty -
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and not just filtered from the plasma, One then wonders whether epith-
elium does not simularly push out potassium i eschange for the sodiim
which 1s being reabsorbed—the sort of mechanism that is possibly under
aldosterone control,

S Prataa-A RN . PRI .o

Thaysen : An exchange mechamsm betw een sodium and potassium fons
at the site of sodium reabsarption 15 certanly o very hhely possibality,
e o e . S e

vt i . .
. 1 s 1
. ' 1 - .
. e e . \ PR .
.. s . “

o . .
change for reabsorbed sodiumt 10ns. Sinularly, the adrenal sterords may
have a dual site of action in the glands, In contradistinction to the situn-

s o #la pland

i o L
e . . NT e fac s 1 aee Maealacome
' H ) P T
N R | . )

As regurds your comment sbout the rice dict, sodum depletion, in-
duced by n fow soditm diet, causes the concentrution of sodwm to
- tar . s swent newell

[ PR

and 1ncomplete ns compared to that of the hidney tubule (Rovinson ef
al. (1055), J. appl. Physiol., 8, 189, Thoen e af (1038) J, appl. Phynol
9, ¥77).
'Kar)mnm: Can anyone comment on the statistical finding that men
- ** =+ ien i ther swent, and that
ver than in men (Ahiman ef
'

B L e - . wllenge, We have similar
findings 1n animals, not in sweat but in urine, but 1 have absolute Iy no
cxplanation for it. It is just an obverved fact.

Talbot T wonder if those who are commenting on the sodium, chloride
and potassium concentrutions in sweat all bave in nind the reldionship
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between rate of sweatny and the concentration, because 1t vanes
enormously.

Thaysen* Yes, that is very unportant. Secretory Tate must. be con-
trolled in a1} work on electrolyt

p:

Amy atan nw nemaniom an s adam et T —— .

e vt L "
comparative work 1t 15 & prevec ety Muun. \hay 1
m(e, lmc alsn the number of Ty

" .

T ey daeu, Yo, 129)
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and not just filtered from the plasma. One then wonders whether epith.
v N . S [ PN DA S S

Thaysen : An exchange mechanism betw cen sodium and potassium ions
at the site of sodium reabsorption 1s certanly a very hkely possibiity.
This may be one factor causing the potassium concentration of the final
secretory product to exceed that of the plasma. Ilowever, ghnd!'“hlch

& H v PR e iy a

. RER L] i
. 1 . i . .
F e M e T bt au b Al aqenn Ta 1 ab afehanlasma
[ L 1 some
. . . . o e . - jnex-
. PR . . B + lsmay
et . - . . v = gitua-
. k] T4 e T et aat e sl anland
ooy f mgv e T emmin agamg lhorsbacnmie
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As regards your comment about the nce diet, sorhium depletion, -
duced by a low sodium diet, causes the concentration of sodwimn (2
! . [ - - -
o .

and mcomp.lc!e as compared to that of the kidney tubule (Ronuson &
al, (1955). J. appl. Plysiol., 8, 150, Thorn et al (1930). J. appl. Phynol ,

L . .
e ' . . Teat

oaLh - . - % 3
. . - 1

[ 4 " . . . ar
.. . s, no

explanation for ste jLsa jusl wn vescaec s fully
Talbot: I wonder if those who are commenting on the sodum, chloride

and potassium concentrations in sweat all haye in nund the relationship
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and salt There does not appear to be any inability to secrete
ADH or adrenocortical hormones, though 1t 15 possible that
the mfant does lach the power to adjust the amounts secreted
wath any precision  The endocnnologieal situation, therefore,
15 essentially one of target organ wsensitivity due to ym
maturity

An interesting hypothesis relating to neonatal weight loss
has been put forward by Gans and Thompson {1957) These
workers measured the unne output and 1ts content of cestro-
gens end 17 hydroxycorticostermds 1 six normal male
neonates during the first few days of Wfe The findings were
sumilar in all the nfants  Large amounts of oestrol (up to a
tullygram or more) were excreted on the first post partum
day, the quantity falling rapidly dumng the next two or
three days to the order of 1 or 2 pg by the sixthday Oestrone
and oestradiol were found to the extent of 1-2 yg duning the
first and sccond days and then disappeared There was a
decreasing exeretion of urme dunng the first three to five
days, and by the end of this tune, postnatal weight loss had
cewsed  The exerction of 17 hydroxycorticosteroids showed
anly mumnor fluctuations throughout The speaific gravity of
the unine was low at first but became more concentrated as
the exeess of water was excreted 1 spite of the fact that
flwd 1ntake was increasing during this time

Gans and Thompson suggest that part at least of the
hydracmua of the newborn mfant 18 due to water retention
eatsed by the high eirculating oestrogen level~-the oestrogens
being, of course, of maternal ongin As the oestrogens are
exereted the fluid excess 1s emmated
Adrenal hyperplasia

Adrenal hyperplasia 15 2 disorder with o

defimte
1bt;':hon for the female sex T Wilkune’ semee (W~ el

~ Laav BLUUL ane
v suLLIESe patients hate  tendency to loss of sodum and



HORMONAL ASPECTS OF WATER AND
ELECTROLYTE METABOLISM IN RELATION
TO AGL AND SEX

G I M Swyer
Obstetric Hosprtal U weersity College Hosprtal London

NeAnry all the hormones may have some influcnce on
water and electroly te metabolism Howev er, for most of them
thus effect 15 indirect and oceurs only under Iughly abnormal
eircumstances  Thus, the dehydration which exists in un
controlled diabetes mellitus or 1n hyperparathyroidism s the
result, respectively, of gross deficiency of msulin or excess of
parathormone, and certainly does not pomt to any physio
logical rble of these hormones 1n water metabolism The same
1s essentially true of thyrord hormone and though perhaps
with reservations, of the sex hormones and gonadotropluns
Only posterior pittutary antdiretic hormone (ADI) and
certamn of the adrenocortical steroids are directly concerned
with the day today and mnute to minute adjustments
needed to mamntam flurd and clectrolyte homeostasis in mam
mals The major details of this hormonal control arc well
Lnown and it 1s not necessary to relate them here It 1s pro
posed, on the other hand, to examne how the mfluence of
hormones on flurd and electrolyte balance differs at various
ages and 1n the two sexes In general it 1s furr to say that
Iittle attention has been paid to considerations such as these,
and for the most part knowledge 1s meagre

In Infancy
Fluid and electrolyte control 1s notonously inefficrent at
turth and during the first few wechs or so of hfe  The late
development of the loop of Henle 1s generally consudered to
be responsible for this (ITubble, 1957) the infant Kidney bemg
unable, 1n consequence, to vary tubular renbsorption of water
78
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andsalt There docs niot appear to be any nabiity to secrete
ADH or adrenocortical hormones, though 1t 15 possible that
the imfant does lach the power to adjust the amounts secreted
with any P The end \f 1 situation, th N
15 essentially one of target organ snsensitivity due to wm-
matunty

An mterestmg hypothesis refating to neonatal weight loss
fi4s been put forward by Gans and Thompson (1957) These
warhers measured the unne output and 1ts content of oestro-
gens and 17 hydroxycorticosteroids 1 six normal male
neonates during the first few days of hfe The findings were
simular 1 all the nfonts  Large amounts of oestriol (up to &
milbgram or more) were exereted on the first post partum
day, the quantity fallng rapidly during the next two or
three days tothe order of 1 0r 2 g by thesixth day Oestrone
and oestradiol were found to the extent of 1-2 pg dunng the
first and second days and then disappeared There was a
deereasing excretion of urine dunmng the first three to five
days, and by the end of this time, postnatal weight loss had
cepsed  The of 17 hydroxy ds showed
only mmor Ructuations throughout. The speetfic gravity of
the unne was Jow at first but beeame more concentrated as
the excess of water was evercted, m spite of the fact that
Ruid intake was increasing during this time

Gans and Thompson suggest that part at feast of the
bydraemua of the newborn nfant 55 due to water retention
caused by the high lating nen level—the

4
g, of course of maternal ongn As the oestrogens are
excreted the fluid excess 1s ehmmnated

Adrenal hyperplasia

Adrenal hyperplasia ss a disorder with a defints
e preds
E\;ﬂmn for the female sex  In Wilhans® serrec /1 dione I:rf"‘l
s .

. Tauu aUOML One
vurtt of these patients have tendeney to loss of sodium and
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to clevation of the plasma potassium, as a result of which
carly death may oceur from dehydration and circulatory
collapse, or from cardinc arrest duc to hyperhalacmia  Once
agam, the number of females aflected 15 some three times that
of males

‘The mechamsm for tlis sodium loss 1s not understood Very
Iikely there 1s o defeet m aldosterone synthesis, but 1t 15 also
possible that some of the abnormal steroids produced by the
hyperplastic adrenals may actually cause sodium loss It 1s
well hnown that surprisingly large amounts of sodwm
chloride and cortevone acetate (DOCA) may be needed to
remedy the electrolyte defeets mn these infants, suggesting
that more than merc replacement of deficient hormone 1s
neeessary  However, the response to 9« fluorohydrocortisonc,
together with cortisone, may be far more satisfactory Ina
14 year old patient of the wnter’s, a female pscudoherma
phrodite with the salt losing disorder, 10 mg dmily of DOCA
intramusculorly, together with large sedium supplements,
was necessary to mamntamn clectrolyte balance With only
0 25 mg of 9« fluorohydrocortisone dmly by mouth, 1t was
possible to mantan balance with no sodium supplement at
all

A small proportion of patients with adrenal hyperplasia
(about 6 per cent) may show hypertension It 1s possible that
1 these there 1s actually sodim retention  Bongiovanm and
Lberlemn (1955) hay e demonstrated i such a patient a defect
n the synthesis of cortisol diferent from that usunlly found
m adrenal hyperplasia This patient was producing increased
amounts of cortesone and 17 hydroxy cortexone, 1t 1s thought
probable that these sterords were responuble for the hyper
tension

Changes in Relation to Adolescence

Knowledge of endoerine changes m relation to adeleseence
15 rather shetchy It 1s ably summarized by Tanner (1055)
The impact of these changes on flud and clectroly te metabol
1sm 15 somewhat obscure  Certamn morphologieal changes of
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sble simficance oecur Thus, & considerable growth
gg?xrt m thin\‘\'clght of the adrenal gland, more 1 bays than
i guls, has been observed Itis almost entirely due to growth
of the cortex The wesght of the thyro:d also shows an adoles
cent spurt, but without any sex difference Scanty data on
hormone excretion indicate a slow inerease in the excretion
of oestrogen wn hath hoys and gusls duning emidhood, with a
marhed tncrease at puberty in the case of gurls, winle 1n boys
the rate of increase hatherto fested 3s merely d
Androgen excretion 1s stmular tn the two sexes before puberty,
after puberty there 1s a marked mse 1n the case of boys, but a
not unimportant nise also oceurs 1 girls, no doubt as a result
of mereased adrenocortical activity There s a gradual nse 1n
the rate of secretion of adrenal corticoids, without sex dif
ference, from birth to matunty 'The increase appears to be
froportionate to body size, without any adolescent spurt
The blood level of 17 hydroxyeorticosteroids 15 much the
same at all ages and the responsiveness of the adrenals to
tmul ; phie h 15 nlso un
affected by nge, except, of course, n so far as the adrenal
glands are smaller tn chnldren than 1n adults A steady fall
n the serum protein bound rodme aver the years six to 15
pnml‘!cls the rfn]l m basal metabolic rate, and the nreewee

Effects of the Menstrual Cycle

An important sex differcnce 13 iptroduced by the cyche
tariations i hypothslamuc pitwitary-ovarman (and perhaps
sdrenocortienl) function which determine the menstrual
?clﬁdxln écrnales It might well be expected that these
; )s;nmea to important fluctuations n fud and electrolyte
hc: :mhcns‘m‘ ):od; flurd dunng the menstrual mala 1
of
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reported weight gains of up to 14 Ibs. at or during menstrua-
tion in two women. Several other writers (see Chesley and
Hellman, 1957) have concluded that approximately 30 per
cent of women have weight gains associnted with menstrua-
tion. The suggestion that premenstrual weight gain is due to

T T T T T

Ne/K saliva

—_ .
o 75 20 25
JE ° P2 Lveie oavs
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water and salt rctention, mediated by oestragens, is due to
Thorn, Nelson and Thorn {1938). Long and Zuckerman
(1037) postulated & réle of adrenal salt-retaining hormones
in the electrolyte imbalance causing premenstrual fluid

retention. -
In a recent investigation, Chesley and IHellman (1057)
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studied 23 narmal young women and found that in one third
of them the weight was maximal during the premenstrual
eght days—in sccordance with earher wnters Closer
analysis, however, faled to sul 1te the physiologieal
basis of such weight gamns, since, when they did occur, they

ST BT
AL 0 25 T30 40
s CYQLE Dars »

Fia 2. Aleng but ovelar, cycle 1n a normal wopman

wtnc shg}x\ and were not repeated from one eycle to the next
was further shown that the eidence of premenstrual
!:n;:ht £ain was the syme ps wonld b cone 2 3
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compatible with mcreased ndrenal salt retmmng  hormone
secretion during the premenstrual phase

The present author's own hmuted studies on saliary and
uninary No/K rattos m the menstrual cj ele have been direeted

{ i
]

len/uy /\/\/\ n r' 4
ratio
mh/l L AL )

. 10 20 28 20
pi:] CYCLE DAYS

(a) )
Fia 83 Urnnary Na/lk ratios in two normal women In (a) there
nppears to be a peak at about the time of ovulation In () the
ratto nppears to be highee during the sccond lalf of the cycle

'F o8]

manly towards an attempt at cluadating the basis for so
called premenstrual tenston which 1s widely supposed to
depend upon premenstrual salt and flmd retention (see, for
example, Greene and Dalton, 1953, who consider an mereased
ocestradhol/progesterone  ratio to be largely responsible)
The findings are i agreement with those of Chesley and
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tiern of vamation 1n
57} n that no precise pa
“;‘\h:mo(r‘?:mzary sodum and potassium concentratllons or
;\e;ﬂ{?;mus, either in normal women or in t‘limse complaming
discoverer
f pretmenstrual tension, has been -
° }Elg 1 shows two eycles from a normal woman the Na/K
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H10 4 Lnnary and salivary Na b ratios compared in n woman
who expenenced premenstrual tenagy
340 appeats ta be Ingh at the start of both cycles and there
1s a distinet faif {mainly due to mcreased potassium seq
at what may be 1248 from the basal te;
be the time of ovulation 1n the second cycle
16 2 shows a long but ovular cyele i another normal
Patient (\EL) N, consinang pattern 15 discernible
nary Na/K ratios 1n another cycle from

cretion)
Tperature record to

g 34 shows the un
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patient A.E.L, If anything, the ratio is higher in the second
half ?f the cyele—i.e. sodium retention is less premenstrually.
In Fig. 8q, the urinary Na/K ratio appears to rise sharply just
at the time of ovulation—i.c. nt the time of an oestrogen
peak, when, according to the usual view, the tendency should
be tawards sodium retention.

E 7
0 5
e CYCLE DAYS
T'q. 5. Sslivary sodum and potassium concentrations and ratios
in a woman who experienced premenstrual tension,

0 25

Figs. 4-6 relate to women who experienced defimte pre-
menstront tension, In Fig. 4 the salivary nnd urinary Naj/R
ratios are compared. The latter (note that its scale is ten
times that of the salivary Na/K ratio) is mucli more variable
than the former, and neither shows any definite pattern.
Certainly there is no evidence of sodium retention premen-
strually. Tig. 5 shows the salivary Na/K ratios in another
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l of
patient; they fluctuate violently but show no evidence
3
trual sodum retention. . i )
pr;r::’ené shows three consecutive cycles in a Patl;:t t‘l‘x l(;m ﬁe:sct
Pcn:n'ccd qute severe premenstrual tension.
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was

eycle, the NafK ratio 1n the saliva
to a lower sodium concentration,
eyele Aninjection of 125 mg of
ate intramuscularly
ethusterone, 80 mg,
later the tension &

was dcﬁmtely lower, due
2 10 the second half of the
172 OXyprogesterone capron.
failed to affect the symptoms, but when
daily by mouth, was started three days
isappeared, 1n spite of the No/K ratio
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patient A.E.L. If anything, the ratio is higher in the sccond
half Pf the cyele—i.e. sodium retention is less premenstrually.
In Fig. 8a, the urinary Na/K ratio appears to rise sharply just
at the time of ovulation—i.e. at the time of an oestrogen
peak, when, according to the usunl vicw, the tendency should
be towards sodium retention,

Na
i
3 20 5

L
10 13
He CYCLE DAYS
I'ta. 5, Salvary soditm and potassium concentrations and ratios
in n woman who experienced premenstruat tenwion.

Figs. 4-6 rclate to women who experienced definite pre-
menstrual tension, In Fig. 4 the salivary and urinary No/K
ratios are comparcd. The latter (note that its scale is ten
times that of the sahvary No/K ratio) 1s much more varinble
than the former, and neither shows any definite pattern.
Certainly there is no evidence of sodium retention premen-
strually. Fig. 5 shows the salivary Nao/K ratios in another
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quantity dumng pregnoncy has been shown by numerous
balanee studies (see Rinsler and Rigby, 1057 for references)

Chesley =nd Boog (1943) found an mereased thiocyanate
space in normal pregnancy, the merease beng still greater
n pre-eclamptic toxeerma From tins 1t was concluded that
much of the sodium retention was due to expansion of the
extracellular flwd (ECF) compartment However, Gray and
Plentl (1954), using o sodwm 1sotope dilution techmique,
found little change 1 the sodwm space and total exchange

able sodrum in normal pregnancy They obsersed a tofal gain
of some 500 m equiv of sadwm durng the last stx months of
pregnancy, which they felt could be accounted for by the
products of gestation and the expanded maternal blood
volume The mamtenance of an essentully unchanged non

pregnant sodwim space durng normal pregnaney, despite the
nse 1n plasma 1olume, suggests that there 1s hitle change in
ECF

The gan of sodium and water, with maintenance of a
normal total exchangeable sodwm value and with ar wm
ereased thiocyanate space, provides indirect evidence that 1n
norma pregnancy there 1s an alteration of cell permeability

withan d 1 storage of ntracellul
water Th~ -~ -

with the '
of the ¥ '

. .

ol the Fus unu prasms volumes It has been demonstrated
by Bartter and co workers (1956) that a fall ECF volume
without change m tomieity leads to o mse 1 aldosterone
exeretion  Such a nse mn aldosterone exeretian oceurs m
pregnancy (Venning and Dyrenfurth, 1956, Venning ef al
:::‘.:A:}:rlecr and Rygby, 1957) and mav {orm nart of

sodium and

'« tyenued Bk compartment
txpansion of this compartment was shown by Bxfrtter t\?\d

ane 15
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remammng low  In the next cyele, 50 mg cthisterone dady
was given from the 1ith day of the eycle There was no
tension (though the succeeding period was pamnful) Yet
again the No/K ratio appears to liave been on the whole
lower 1n the sccond half of the cycle In the third cycle, no
treatment was given, the usual premenstrual tension appeared
but this time the premenstrunl Na/K ratios were the lughest
m the cycle

It must be confessed that the writer does not know how to
terpret these findings, beyond concluding that they do not
provide evidence for theories currently held to account for
premenstrual tension and ats relief {which m the wnters
experience, 1s by no means mvanable) with progesterone or
1ts annlogues

Pregnancy

In no physiological circumstances do such profotnd hor
monal changes oceur ns 1n pregnancy  The output of oestrogens
rises some thousandfold of progesterone ten to twentyfold
and of adrenocortical and thy rord hormones to less impressie
but still sigmificantly increased Jevels A new hormone,
chorionte gonadotroplin, found only n pregnancy, of foctal
and therefore partly paternal ongin—a  foreign protemn’, to
some citent—appears m the circulation immediately after
mmplantation, nscs to strihing Ievels by about the 60th day
of gestation and then as rapsdly falls to about once quarter
the maximum level duning the remunder of pregnancy  The
sum total of these changes ts to produce a substantil degree
of flud and sodium retention m all pregnant patients Oedema
1s of course common, its associntion with hypertension, with
or wmithout albummuria to gine pre eclamptic toxacmt, 15
also not uncommon Toxaema 1s for the obstetrictan, one
of the remaming major problems he has to face Its patho
genesis contmnuces m obﬁclmt), 1 spite of extensn e research

Only one or two aspeets of tlus vast problem will be dealt

with here
That water and sedmum are retamed in conaderable
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conclustans, of possible relevanee to our WuUR theme, ate as
£3

f‘)“(;e“xlmgms In men, the output of oestrogens remams ve
fatn ely constant with iereasing age, in warnen, o the other
hand, the output dechines between the ages of A0 and 80 years,
reathing o lesel somewhat below that of men and thereafter

tant  Of the separate fractions, oest and
vestradtal dechine slowly 1 men, accompanied by sn wncrease
1 oestnol which makes the total oestrogen output appear
constagt, tn women the most marhed dechne n carher
decades 15t oestrol output, the least warked mn that of
oestrome, while 1 the later decades further small declines 1
ocstrone and oestradiol are d by a t

£3 ' L2
4 secretory

werease 10 oestnol - Gestral 15 & melabolite, not
product as the ather twvo may be, 1ts merease with adsancing
sge my therefore be dve to lesser destruction of seoreted
destrogen

Meutral Sterody The Tate of dechine of 17 ketosterards 15
smar’ in both sexes  The unnary hetome androgens ave
hugher in men than i women and dechine more steeply mn the
former particularly dunog the earher decades Dunog these
decrdes the dechine of shdrogens 1s steeper than that of 17

hetosteroids 5o that with adanang age the ratio of 37
),,.\5 e ¥ oa

- .

.ol ,

» 1s utuanes more sapudly than that of the fess nn;lnr
remeally 56133032 hetosterads Though ths mught have bee
expoeted for men as a result of dechming testicular fanetion, st
s perhaps more suspnsing n women and sugiests a decrease.
m output of etber adrenal ot ovarnan androgens, or both

The rbio of androgens to oestrogens 18 tagher for men
m: for won en at all decades uptl the ninth
he outpul of adtenal corticosterads s Tother o
men Ahan in women at ol ages and \anes but l\‘::lez:::t‘;:: \:
In contrast the non Letome sterads, & maxture of s\x‘bshm%&
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co workers (1956) to cause a fall in urinary nldosterone
excretion m normal persons In the pre celamptic patients
studied by Rinsler and Rigby (1957), the aldosterone outputs
were considerably less than those at the same stage of normal
pregnancy and 1t was concluded that this was beeanse of the
cvpanded ECT compartment The output of aldosterone n
these toxacmic patients 1s less, for a grven urmary Na/K
ratio, than 1n the normal group, yet despite the low aldo
sterone autput, sodium retention 1s mamtained or ncreased
Tiis suggests that o mechamsm other than that of aldo
sterone seerction may be responsible for the sodium retention
of pre eclamptic toxaemia

Labour, especinily 1f prolonged, s another aspect of
pregnaney 1 which electroly te disturbance may assume im
portance  Hawlns and Nrvon (1957) have demonstrated a
consistent loss of plasma water and increase in plasma speaifie
gravity after only 20 hours of labour, indicating a state of
dehydration Jong before the appearance of chimeal signs In
addition, they found an ncrease m plasma sodum and a
decrease m chloride and potassum 1his, they suggest, 1s due
to ncreased renal excretion of chlondes necessitated by the
disturbanee of acid base balance due to Ketosis resulting from
shortage of asvailable glycogen After 48 hours of Iabour, a
strihing fall tn plasma potasstum and in erreulating cosmophls
was seen This 1s consistent with nereased adrenocortical
activity, such as 1s hnown to occur after surgeal operations
(MacPhee, 1958) In labour, this fall in plasma potassiim
may be particularly important beeause of its influence on
uterme contraction It 1s very probable that potassum
depletion 1n Jong labours materially adds to the nefMiciency
of an already mert uterus

Changes in Steroid Metabolism in Ageing Men and
Women

The most extensie study of this subject has been made by

the Worcester gronp (Pincus ¢f al, 1955) Certan of their
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of doubtful omgin, part adrenocortical and part perhaps
gonadal, dechne with age much as do the 17-kctosterods
Thus the outputs of the various classes of neutral steroids
change with age in dissimlar fashion  Close study of the data
suggests that the steroids of adrenal origin are less affected
by age than are those derved from the gonads, but that
adrenal sterords are not untform 1n behaviour in this respect

Thus differential behavtour ts clearly shown by the varous
o hetosteroids  The 11 deony steroids, androsterone and
actiocholanolone, decrease regularly and marhedly with
advanemg age, 1 both men and women In contrast, the 11-
osygenated 17 hetosteroids decrease much less markedhy
with wncreasmg age i both sexes  The 11-0ny netiocholo
lones decrease least of all, these substances dern ¢ cluefly from
cortisol and 1ts metabolites

To evaluate the sigmiicance for fluid and clectroly te control
of these hormonal changes m ageing men and women is
none too casy The most important of the above mc{lhoncd
hormones from thts pont of view are the adrenal cortico
steroids, the output of which changes least. Beyond that
simple statement 1t 15 unsafe to venture

Nothing has hitherto been said about the réle of antidimretic
hormone of the posterior pitustary an the control of electroly te
and flud metabolism under the varous circumstances s
cussed above Though 1t 15 true that numerous reports have
appeared m the hterature ymplicatmg ADH i n vanety of
pathologienl states charactenized by oligurin and ocdema, 1t ts
the opmion of van Dy ke, Adamsons and Engel (1933) that *‘the
assays used to support this belief are so grossly inaccurate as
to mahe valucless any conclusions that have been reached ™
If we may aceept that opimon, nothing further need be sud

RFFFRENCLES
Barrrer, T, C, Jwowr, ¢ W Doseavy L T, Hanmin, J K, and
Driaa, C (1956) J clin Inrest, 35, 1100
Bosgrosasst, A M, and Intnerin, W R (1035) Pediatrics, Spring
field, 16, 628

Cnestry, L €, and Booa, J NI (1043) Surg Gynet Obtlet , 77, 201



Discusstox 95

- s a3 e

]
4 here gk

the hyp of the
find fs necompanied by  swelling of the cells  An “sppropriate” fallin
haid 15 not d

tonicity and increase in volume of tht
with these symptoms The patients I mentioned eather do not have
endence of water intoxication

After every stress, these patients with hyponatraemia retumed to
theie onnal low concentration of extracellular flmd  One feels that the
ooneentration is determwed by the cells—a new steady state We do
Behere that this low conventration of the extracellular flnd must be the
fesult of 8 low osmouie pressure of the cells, There ate obviously different.
Tands of hiypotomicity of the extracelinlar fld, swith and without Symp-
1oms of waler \ntoxication  When there are symptoms, the cells are
swollea, Vfiss feeson and I have been wondenng whether a lach of
ymploms means the celis are not swollen, but merely hypotonae,

Swyer 1wase referrng to the cp{\os\m problem, vamely that in labour
dehyd [ d by lack of y ¥r Ty this
Enerease in speeific gras )ty of the plasmn and the apparent lass of Plasma
potassum would not be conaistent with normal funetioning of the eells
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with people who were heeping themselves on an ordinary khind of réqme
they would show up mn spite of any day-to day voriations That is
certainly a defietency 1n our studics, but I do not think 1t entircly
mvaldates them
PRIt e T et are vl

Thaysen Ilow were the Na/K ratios in the saliva done?

Swyer They were obtmined by collecting salivn first thing in the mam
g, as nearly ns possible at the same time each day, for a fixed length of
time (fve nunutes). In one scries, the first fivc munutes was collected,
and 1n another scries the first five minutes was disearded and the second
five minutes collected, as I understand there is something sigmiftennt in
that We were unable to see any difference at sl when done 1n !I‘I(‘ﬂ‘ t\\'n

T . . . . - . . v -

3 .
volume It did not seem to make any difference at nil, but I do ngree
that some of the varables might have been inadequately controlled

Thaysen* I believe that you mught find the mtio very reproducible
when you usec a standard sceretory mate

Talbo! Dr Swyer, you mentioned something about a will a%thewisp,
sodium diretze frormone of adrenal ongin Do you behese in its exie
tenee, and if 5o, have you or any of those hiere a solid notion as to the
nature of the beast?

Swyer+ I certninly have no solid notion It is an idea that has been
mooted to Account for the apparent tability of normal amounts of
sodtum ing b to the sodium Joss 1 hnow there
have been very actis ¢ searches for it, and that large amounts are found
1 the salt losing type of adrenal hyperplasia

Desaulles We have worked quite a lot on tlhis prohlem and ne hunve
got something which is deriy ed from the adrenal, but what it iswcdonol
really know  Dr. Wettstein (1058 Jva, 29, in press) has Just desenibed
Tow he found it and how he is worhing on it, but that s a< far a1 we
have got

Adolph T would Like to mise n general problem which Dr Swyer
brought up How Is onc to judge whether in labour there is dehydea-
tion? All the enteria by which we ean judge of the existence of dcl:)'-

. s Dt e ot s an
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dration
3cCance~ 1t 15 8 question of defimtion. Do you mean by dehy:
amse 1n the toniaity of the extracellutar ﬂ:xid :il‘xe to nn increase in the

. o - .
ana towntree, L. G, (1922), drch wntern. Med , 29, 306) exemplifies an
T

ere the hyp y of the
Buid {s accompatied by a swelling of the cells. An “appropnate*’ fall in
tomerty gnd inerease 1n vol 1 the _nmd 1snot d

: ‘ = do not have

. - + relumned jo

J T S P

155388

%, o 1 LuL LLu 418 UL $Wollen, buy merely hypotonic.
. .E\nyn 1 was refernag to the Op’pos’:tc }mbkm, namely that in labour
1 lack o Pr biy this

increase 1 specific gravity of the plasma and the appatent loss of plasma
potassium would not be consistent with normal functionine nf $h asite
Tt bt $hoama? = =

F
wh

X

glac
of t
fan

§ sty Wik . - fan

but because sh . . .

rrrmmmg horm

of tranmieny.
Seyer High - . ¥ )

ok Dr Talbe "
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mvahdates them
creey SN

leayscn How were the Na/I< ratios tn the sahva done?
- < TS e e e

and in another scrics the first fiyc mmutes was disearded and the second

five minutes collected, as T understand there 1s something sigmifleant 1n

that, We were unable to sce any difference at all when done in these two
r -, Ly . Ve Pt

) ' N
. o . e

I i . . 1 o
that the estimation of the Na/K ratio permits one to dispense with the
neeessity for measunng seerctory rate

Swyer Another thing we did was to measure the volumes which were
produced in this fived time, and try to correct for the vanations in
volume It did not seem to make any difference at all, but 1 do ngree
that some of the vanables might have been madequately controlied

Thaysen T beheve that you might find the mtio very reproducible
when you use a standard sceretory mte

Talbo! Dr Swyer, you mentioned something about a will o*thew isp,
sodium diurctic hormone of adrenal ongin Do you beheve n lts exis-
tence, and af 50, have you or any of those here a solid notion as to the
nature of the beast?

Stweyer T certainly have no solid notion It is an iden that hus been
mooted to account for the apparent inability of normal amounts of

sodium 1 to cou t the sodium loss I hnow there

have been very active searches for it, and that large amounts are found
e PR S T R

» "t = - L. 1we hmve

" . ) . -t L +  awedonot

v, "descnbed

LU

. . T .
how he found it and how he is working on it, but that Is as far as we
hasve go

t
Adgiph 1 would Iike 1o sarsc n general problem which Dr Swyer
- ' T =t et delndme

. s of dehy -
nt,and T

. aabout it.
or super-

hydration, as transitory states of the organam?
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retan water before birth and stilt excretes high smounts of cestrogens
after bieth, that the persisting influence of the mother's oestrogens in the
early days of hie might be the explanation of the infant’s poor Tesponse
1o n water Joad,
Adoiph Tivs oestrogemc nfluence scems 1o me a very interesting
sibibty, Ilas snyone any data on the influence of the maternal
ormones upon water balances or exchanges?
Fourman_ Anotber quesiton 1 whether oestrogens do nubat the

E ey

natigiiy of the water load since that extends for #! . .
first yeat, or 5o 1 understand nds for the best part of the

McCance No, anly about 14 days, 1 believe

Adolph Ithunk 1 can clanfy this contradiction of
3 {0 some extent
!f you xvm_i the Literature up 1o 1923 you Jearn thx[‘:ﬁtﬂle first ear the

s iun s glta,
the ndolt b, af oﬁegm“sauu within ¢0 days even gy great s in

weight. watet load and excretion on umit hody
Swoyer Does thns at
,,,;‘zm‘) et 8%s0 apply to resistance 1o dehydration and handhing
Iph 1 do mot think we ha
debydration We ky Ve any good data on the resistance to
superhy dration ow much less about hydropaema than we o about
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B T . P LI - v
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1 - . [} 1, " .

think there 1s a much simpler explanation for the young

‘pou\s‘smm \:nq“ conditions of stress The
P T a

[T

PR
Young: I
mnfant’s ramd rse in serum

Fotiaes o8 8)mndoamnn w i

PPN

dration, I have no rest proof of this, but all nconates be::mmng dchy-
drated very quickly show a lugh serum potassium Jevel,

Milne In these cases in babies with high serum potassium, 18 the
my ocardium less sensttis e to the hyperhalacnin? Tlus could be nferred
from the work of Widdowson nad McCance (1956. Chn Sct , 15, 361) ont
serum potassium an foetal pigs  Anyone with experience of hvpers
kalaemia 1n acute renal falure 1 adults would find very severe 1¢G
changes long before the serum potassium reached 10 mequinfl, and
death usually occurs very shortly after the potassmm reaches 10
m equiv /I These ligh figures rather startle me, I would like to know
what 1s happening to the LCG during the period of hyperkalaenua

Darson 'L he effect of potasstum on the heart 1s Iinked with that of
calelum It may be that over long peniods the calcium might rise too
and tend to compensate for the raised potassium,

Serbner We have made some studies on dogs and we could not greatly
increase the tolerance of the dog to hyperhalacnua by giving calom
Large doses of caleium inereased tole: ¢ no more than 1 m equin.j!

R it A

- 0 e mmva | Marence

G0
oy

young males, it 18 & very fughtemng expenience to sce the heart s
bebaving with Loth the clinicat cffects and the I CG changes of hyper-
halacrma,

MecCance * You seem to have found something in wluch the nfant

of infants, sometimes the physiologist’s pomt of view has made the
. - PRI PO Be han n1an o Inf wag s)a temntment
. . [

¢

logry are borne in mund
"I here is one point 1 should like to make wluch refers to the papers by

Prof Adolph and Dr Swycr It scems to me, since the baby temds to



GENERAL DISCUSSION
Richet Dr Thaysen mereury poisoring s s\:!)posed to nhitat

+ h tameelle 1

substance?
Tha;;sen T have not done any expen‘x‘nents of this kand myself,
P I VA wnk rebm o hpan

a p wEormand ok an tha

Richet Dr Desaulles has remunded me that dunng chronic
mereunc posonung acrodyma for instance, there 1s an ncrease
sweating

Thaysen ‘That might be due to a cerebral effect of chrome mer-
cury powsoning rather than to a local effect of the mercury durectly
on the glands

Dacson It 1s rather a fortunate accident that the mercunals are
diureties and that they hase that speafic action on the hidney
f1h tee [Fan wmove b bes And an AL mem -~ et

paraniel increase i the plasma magnesium, cell

went l}:p but rather l:ssp & »celhlar magnesm slso
Ruchet We have made of
plasma n
xsore thon 200 patents during acute and chrome renal failure
uring acute renal farlure there is always an increase 1n plasma
o Ourtech with yellow titantum gis

.lmn:;n\ \ta\ucs ofl 5-1 7m equss {1 Inacute renal failure we s%‘mecs-
mes get 3 0-3 Smeequv ! serum magnesum  Tn contrast, serura

0
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tends to dely the development of serious dehydration during the neo-
natal period  This process coupled with other attributes nught enable
some newborn mfants to suryive total thirsting as long as an adult
IHeller - T scem to remember that what Gans and 'Thompson showed
was that there wasa decrease of body water in theinfint wlich wascorre-
lated with the excretion of maternal ocstrogens, but this docs not
establish a eausal relationslnp
C - Jer et an Yo

. ' LIPS,

to the other

Wallace Dr Swyer, what about the situation of a dabetic woman and
her baby? In a great number of instances there is o very intense water
retention

Suyer+ 1 can counter that by saying what nbout the baby of & pre-
diabetic mother? It shows Just the same chnges before the mother has
diabetes I do not think we hnow why the predinbetic mother has a
large baby—there have been suggestions that 1t is due to excess growth
hormone seeretion by the mother, but there 19 no very convinong
evidence

Wallace 'Tlns hind of baby generally seems to have a great dead of
water in jum—more water than in equivalent weight normal babies

Stweyer Thatisvery true The baby is large but 1t 1s not postmature—
ndeed, 1t behaves more hke a premature

Wallace Is that an oestrogen cffect?

Suyer 1do not think we know N

Wailace Very often during these discussions the words *incflicient
and *immature” have been used to deseribe the newborn infant Mr
Ireter Tuchham 1n his book, ¢ The VMetabolie Itesponse to Neonatal
Surgery ” (1957 Harvard Untversity Press), develops the point of view
that the newborn infant 15 tolerant of adverse experiences sucl s
fusting, thirsting and surgical trauma Despite the fact that the news
born has an extra lod of water in s bady and a low me tabole rute he
docs scem to have a certain toughness that at n Infer dute lv not so
evident “Tmmaturity™ and *incillaency ' may not be gynonymous

' ' .. v -

' . e . . . ot .
and salt management thit we arce talhing about today —we furad to

nml_nn.) c\l.d('ncc.th.'ll. the Enr:ll'flnld:'?n ‘r(‘,x_u‘l. m'l)."\\:)l.\‘c :lmnstlznr;":

H . L . 1nge
. . syt et Jant
. . older

children and adualts
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Daison Vvas there also a control on whether salts were bang
absarbed when they say that five time1sotonieity would hss e stopped
12 Just the fact that the shin absorbs water does not menan that
salts are not sbsorbed as well

« .

shin by alayer of air  The type of salt used determines the amount
of water vapour in the air - The results by this techmaque sgree with
the hypertome solution studies

Hingerty What salts have been myestigated?

Senbner  Sucrose potassum chlonde sodwm chlonde The
phenomenon 1s believed to be purely an osmotic effect

Borst Before the war Viennese cimcians reported on considerable
absorption of water by the skinint eart falure The prognos:s could
n-cr]lr e detenm’ncd by studying the rate of absorption Dutch
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Ppotassium 1s increased 1n only 20 per cent of our patients Ve have
1 ., . . ” EE R
o 1. .

potassium remains normal for a long time

McCance That agrees with obseryations Miss Watchorn and 1
made 1n 1932 (Biockem J , 26, 53) We generally found that the
serum magnesium was ligh i chronic renal fatlure and mndeed
searched for such cases when we wanted high values for our ultra
filtration experiments

Senibner I'want to bring to your attention the work done by Dr
Konrad Buettner, professor in the Division of Chmatology at the
Unnversity of Washington, Scattle (1953 J app! Physiol, 6, 229)
His observations bear on the sweating data that we have he
and also on considerations of cellular tomarty  If )ou‘study m:ter

A . t el

trations of sodium chlonde solution, the shin will tahe up water until
a concentration which 1s five times 1sotome 15 reached ~The mecha

msm of absorption 15 not known and there has been no worh to
elucidate why this oceurs The rate of absorption in an adult humans
about 20 ml jhr for the total shin, and 15 correspondingly less {or

' .
low rates of sweating, data on electrolytes in sweat may be abnor
mally high throughout due to this absorption, and thereissomechance
that by the proper control of conditions you may be able to absorb
water 1n survival experiments at sea, since sea water 1s only three
times 1sotonic

Datson What happens to the water? Is it smmediately carmed
away by the capillaries?

Seribner Yes Deutertum studies have shown that Ten—twenty
ml fm 2fhr_are the actual figures for the absorption

Talbot In the last war i sursisal ration studies we immersed
some very dehydrated volunteer sub‘y':cls n the equivalent of sea

Y cnwnt Anof

n

s
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Darson Vas there also a control ou whether salts were being
absorbed, when they say that fis e time 1sotonieity would has e stopped
1t? Just the fact that the shin absorbs water does not mean that
sa!‘!_s are not absorbed as well

At - e



BODY WATER COMPARTMENTS
THROUGHOUT THE LIFESPAN¥

I Vicror Parker, Knup II OLesFy, Jaurs McMURREY
and Brent I'rus Hansen

Surgical Service and Laboratories of the Peter Bent Brigham Hospital
Harvard Vedieal School Boston and
Queen Lowse s Clal Iren s Hospual Copenhagen

Our first knowledge of the composition of the hody was
acquired during the last deeades of the mneteenth century
The methods used were desiceation and chemiecal analysis
which allowed the determunation of the contents of water and
clectrolytes in carcasses or m sigle organs  With the recent
mtroduction of the dilution methods a new field of study has
grown up based on the e 1110 measurements of the total
quantities of body water and 1ts partitions  Direet dilution
methods are now available for the mesurement of total body
water and of the extracellular water  The intracellular water
1s cnlculated as the difference between total body water and
extracellulay water and 1s thus o derived salue (Moore ¢f al,
1936)

A few comments should be made about the methods and
the evaluation of the measurements  In the matenal presented
the total body water has been deternuned as the volume of
dilution of deutertum oxide In the children the extracellular
water has been measured as the volume of dilution of thio
sulphate and i the adult groups as the volume of distribution
of radionctiy e bromde corrected for red cell bromide, for the
relative water contents of plasma and mterstitin} water, and
tor the Donnan effect As the volume of dilution of thio

* Tlus work was supported by a grant from the United States Atom e
Frergy Commussion o the Peter Jient Brigham Hospital ( \T-{30-1)-"13)

ot )
] ' '
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sulphate 15 smaller than the vorrected solame of diution of
radiobrormude the 1 alues for extracellular volumes will not be
durectly comparable for the cluldren and the adults The same
will apply to the coleulated mtracellular water Al the
methods used are reproducible within the 5 per cent range
As the absolute quantities measured are diffieult to compare
Srom one 1ndividual to anather 1t has become customary to
express the yesults as relatve values The standard of refer
ence used 1s the body weight as this standard in our experience
has been the most stmple  In the interpretation 1t 15 1mportant
to realize that a rather large biological vanation appears
within groups of the same age and sex

Although the study of the body water compartments
throughout the hfespan 1s still fragmentary, certamn trends
m relation to age and sex hmve vppeared 1t will be the
purpose of this paper to outline these features m & description
of the body water compartments during the three mam phases
of ife growth matunty and ageng

Growth

Growth imphes o vanety of fundamental processes cell
multiphcation increase m cell size accumulation of extracel
Jular matenal meresse m fat and munerals

The alterations 1 the body water compartments during
growth have been studied by Frus Hansen (196} From a
<eries of 93 norenal children studied with dewtenum owde
with th1osulphate or with both a series of 31 mndav iduals with
simultancons measurements of all three water comparfments
will be presented

1t wppears from Table T that the absolute amounts of total
body water of extracellular water and of ntracellular
sater demonstrate an merease throughout mfancy and chald
hood Tt 15 seen that the mtracellular water Tses moy
markedly than the extrocellular s ater o

InTable 1 the three measurements are

of body weight The total bod

&1ven as percentages
crease ti h

¢ Y ‘Watt:r shaws a relative de
mianey and childhood with n vaost marhed
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and BENT Frus-Ha\sex
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Our first knowledge of the composttion of the body was
acquired durmng the last decades of the mmeteenth century.
The methods used were destceation and chemical analysis
which allowed the determmnation of the contents of water and
clectroly tes i careasses or 1n smgle organs. Wath the recent
mtroduction of the dilution methods a new field of study has
grown up based on the 2 1110 measurements of the total
quantities of body water and 1its partitions Direct dilution
methods are now available for the measurcment of total body
water and of the extrrecllular water. The mtracellular water
1s caleulated as the difference between total body water and
extracellular water and 1 thus a derned value (Moore ¢t al,
1936)

A few comments should be made about the methods and
the evaluation of the measurements  In the material presented
the total body water has been determined as the volume of
dilution of deuterium oxide  In the elnldren the extracellulr
water has been measured as the volume of diution of thio

sulphate and i the adult groups as the volume of distribution
of radionctive bromide corrected for red cell bromude, for the
relatiye water contents of plasma and mterstitial water, and
for the Donnan effect As the volume of dilution of thio

* Tius work was supported by a grant from the United States \tomic
Faergy Commission to the Peter Bent Brigham Hospital ( A\T—(30-1)<7%1)
and by the Surgeon General Department of the Army, throuch a contmet
(D \~9-007—72) with Harvard Medical School and sponsored by the Com
mission on Liver Disease, Arnted 1 orees T pidemiologient Board
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Tathin the body water cornp ts the m t
wth thiosulphate d trated & relatne d of extra
cellular water dunng growth A sunilar degree of decrement
n extracellmlar space with advancng age has been reported
by Ely and Sutew (1932) vung the thiocyanate method, and
by Cheek (195%) using the corrected bromde space The
selatn e salues for mtracellular water ;n the semes presented
stayed about the same throughout mfancy and childhood
No sunilar nvestigations are avallable in the hterature, but it
15 1mteresting that Corsa and co workers (1956) found that
the tatal exchangeable potassum as related to body weight
stayed the same throughout infaney and chuldhood  As about
95-98 per cent of the exchangeable potassium must be present
within the cells therr results can be taken as corroboratn ¢
evdence for Fros Hansen s (1956) findings of the rclatve
constancy of the mtraceliudar water

An al m the interrelationship bet the extra
eclludar and intracellular water during growth thus appears
When the e Nular water 18 exp d 08 & P ge o
total body water the extracellular compartment decreascs
{rom 55 per cent in the youngest group to 38 per cent and 28
per cent 5m the two oldest groups pgmin reflectmg the relatne
decrease of the extracellular water This altered relationshuy
between the extra and mtracellular water 1s another impor
tant facel 1a the body compositional changes Quning growth

The alterations dunng growth cauld be produced in tno
35 {1) They could be due to s proportional alterat ~n i1

oy
Histochemical studies are he)

pful 10 the interpretation of
this problem  Kerpel Fronws {1937) found m studies of
muscuiar tissue from hurnan newborn batres and from adults
1‘: l\x-e[am.e inerease i ntracellular phase durng growth

> ::‘33 :;x:\\\ o t:mngc 414 not appear m the shin oy 1n thé

ous Yussue  Kerpel Frous
to the fact that the totat ex:[ixscle b e had merennyton

water had mcreased from
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decrease during the first two years of lfe The relatne
decrease 1n extracellular water 1s more marked than the
decrease m total body water The mtracellular water demons
trates about the same relative value throughout childhood
It should be mentioned that no sex difference appeared i this

Table I
BoDpy WATI'R COMPARTMENTS IN CHIILDREN ABSOLUTF VALULS

Age W ater compartments in lifres Number of

B} Fou Icn st bjects
0-11 days 2 65 145 120 5
11-180 310 142 168 9
3-2 years 5 40 2 36 304 ke
2-7 8 96 3 40 5 56 9
7-14 27 02 7 52 20 10 1

series The tendencies found m this group are stmilar to the
findings 1n the larger group including cases with single measure
ments of total body water or of extracellular volume A
statistical analysis of the larger group has shown that most of
the differences between the age groups are sigmficant

‘Table IT
BODY WATIR COMPARTMENTS IN CHILDREN RILATIVF JALUTS
Age T alues 1t per cent of bolywe glt Number of
7o en wn & thfetls
0-11 days "6 4 41 0 14 8 5
11-180 7”28 119 370 o
}-2 years 62 2 27 5 ETN] 7
27 6o 5 256 6 9 o
7-14 64 2 17 5 a7 1

The relative decrease in total body water with advancing
age mdicates a relative merease 1n total body solids, re cell
solids, mneral sofids and body fat The tofal body soitds
thus represent the fraction of the body which demonstrates
the highest degree of absolute increase during growth This
merease m total body solids represents one important facet
1n the alterations in body composition with advancing age
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for the relative water contents of plasma and interstitial
water, and for the Donnon effect As the extracellular water
sccording to the method apphed here shows a Ingher normal
vafue than 1s ok d with the thiosulphate method the
results for extracellular and mtracellular water m this senes

sl not be directly comparable to the findings 1 the group of
children

Table 11T
BODY WATLR COMPARTMENTS IN ADULTS  ABSOLUTE VALUES

Water compartments 1n Lires

Sex Agevange Dodjwagnt TRV  ECH e
*

Males 2833 725 988 168 221

Females 2051 58 3 W8T 133 15 4

The absolute average values for total body water, extra
ceflular water and mtraceliular water appear i Table 1T As
expected all v alues are higher 1n the males than in the females,
corresponding to the higher average weight in the male group
Most of the difference in total body water 1s accounted for by
the difference  wntracellular water

“Table TV
Baoy tATER COMPARTMENTS TN ADULTS  RELATIVE VALCEY

iWater compartments 1n pet ce ot of bod ;
Sex

wereht wh slandard error of the mean
Adge  Waghthg  TBI EC d Icir
Hales, 25 kiR 513 23 3 L
1 39 £0 6§ 0 89
Femalrs 2351 593 486 27 209
+1 47 40 5% +0 98

In Table T the aserage values are given m per cent of
botdy weight  The males contarn 54 3 per cent of total hody
water whereas the females contam 48 6 per cent This dif
ference 15 statistically significant {P=0 01} The relative
values for the extracellutar water are very close to one another
The wtracellular water amounts to 30 9 per cent 1n the males
ond 25 9 per cent 1n the females This difference 15 statist,

ally sigmficant (9 01 P>g 001} e
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29 per cent of total body water 1n the newborn baby to 51 per
cent of total body water in the adult and he stressed that an
merease in total muscular tissue rich 1 mtracellular phase was
o promuinent featurc in the alterations in body composition
durmg growth

Yannet and Darrow (1938) found in their studics of cats a
relative merease 1 mtracellular phase during growth m
muscles, whereas only very small alterations appeared
Iner tissue or mm bramn tissue. In studies of growing chickens
Barlow and Manery (1954) reported a stmular relativ e inerease
1n the mtracellular phase in muscular tissue.

It appears from these studies that the alterations measured
with the dilution methods must be results of a development
varying quantitatively and quahtatively from one tissue to
another,

In conclusion the alterations i body composition during
growth can be deseribed ns a disproportional increase m total
body solids, total body water, extraccllular water, and mntra
cellular water  When the values are related to body weight
the following trends are scen during growth a decrease mn
totnl body water, an increase m total body solds, a decrease
m extracellular water, and a relatiyve constaney m mtraceliular
water When the water compartments are related to total
body water the trend 1s for a relatn ¢ decrense i etracellular
water and a relative increase 1n antraccllular water

Maturity

The body water compartments in adults will be deseribed
with particular reference to the sex difference

The material presented comprises ten normal males and
ten normal females at ages from 23 to 51 years, ayverage age
in the muddle thirties  The series was studied by IV
Parker in Dr Franas D Moore’s laboratory, Peter Bent
Brigham Hospital, Boston (McMurrey ¢f al, 1038) The
methods appled were total body water was determined with
deutertum owde, the extracellular water nas measured as the
radiobromude space, Wlich was corrected for red cell bromude,
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Tt appeats from the serses that males have o hugher relative
content of body water thon ferasles, confirming the results
with the dewterum oude method reported T T4
g workers 1052 . )

e . + oyt atmounts of extrasefiulr
waiet 10 thi¢ senes presented The extraceliular water repre-
seated 22 ¥ per cent of budy weight m the females and 23+
per cent 1 the males This sularity w the relative wnl ng
for extracelludar water 12 v == y
P

. .o e promade space, of

on v 5 snx0s and Laft (1937) uvang the thiosulphote
wethod, 2ud of Gnffin and co workers (1935) using the
vhuoeyanste method,

The lower relative content of 4otal body water 1 females
s compared to males W the series presented s due to g
telatively lower content of intracellular wuter i the females,
A sislar difference m the content of witracellular water
appears in the senies studied by Lyanggren, Thhos and Lufy
{2857} 1 which the mtracelinfar water was calculated on the
bauis of an extraceltular space A wth sadiob de as
well as wth thiosulphate Further evidence of the relahwely
Iowey content of mtracellular water m females compared to
males is present m the consistent findings of o 1~ .
amount of total exchanea t*
gy lez}m.m and co . .

alotoon {1954), Bias, . g "
wnd Lwnggren, ks and Laft (2057) S Sagld (tosey,

R :fhe lower relative body water m fematae md cnvas a1

« ety so sntracellular water and total exchar oo
able potassum, . ethange
w m:‘iles s M,.Lm“*.be assumed to b? lower 1 frmalne o
8 tugher

than me
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The similanty of the relative values for the extracellular
water and dissimilanty of the relative mtracellular water
volumes 1n the two sexes guns further support from other
parts of the same study As 1s seen i Table V, simultaneous
studies of total exchangeable sodium and potassium were
carried out 1n these patients according to the method des
cribed by Moore and co worhers (1956) The total exchange
able sodium which was determined through an independent
measurement demonstrates relative values very similar i the
two sexes  As about 85 per cent of the total exchangeable
sodium can be accounted for m the extracellular space the
findings can be taken as supportive evidence for the correct
ness of the very close relative values for the cxtracellular

Table V
BODY WATI'R COMPARTMENTS AND TOTAL EXCHANGEABLE
ELECTROLYTES IN ADULTS

Sez !’alue: related to bmiJ weglt uuh .\-Iandard mar of the ;r\lmn
% (m tqmv /I»g) (m equw Ry ("o) {m equit Ag)
Males 23 4 203 395 309 480
40 64 +0 71 41 06 40 89 4138
Females 227 28 6 38 3 259 30 4

+0 54 +0 02 41 09 40 96 +1 10

water m the two sexes The relative values for the total
exchangeable potassium which was determined independently
of the intracellular water demonstrate n pattern very sumlar
to the findings of the mtracellular water In both measure
ments the females have o relative value about 20 per eent
below the males As 97 per cent of the total eschangesble
potassium must be within the eells this finding can be tahen
as evidence for the correctness of the measurements of the
intracellular water It 1s worth mentioning that a ealeulation
of the average intracellular potasstum concentration n the
two sexes results mn very sumilar values 152 m equv per
htre intracellular water n the males and 149 m equv per
htre mtracellular water in the females, and thus indieates that
no difference mn cellular composition cxsts in the two sexes
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om 25 O per Cent to 22 4 per ceft m females The
z?ée:tnces ment’\)aned arc not statishealfy significant except
for the decrease m ntraceliulay water 1w males © 01> I'>
’ %t:c) tendency to o decrease in the relative values for total
Bbody water found i both sexes s yoostly due toa decrease
ntraceliular water Erom an unptiblished stody of Dy N %
Stoel. (1957} m wiuch the antipyhine space und the thio
cyanste space were measured 1n a Jarger group of males, the
following data are of mirrest A companson of 23 subjects

Tabie V1

BoeY WATER COMPARTMENTS £V $OCNGER AVD IN OLOLR ADULTS
BELATIVE YALUES

T ater compartments 11 pey cend of body

teetght with standard ¢rear of the mean.
Ser 1ge Treight TBW ECW R %)
{Number) 3
Sreles 23-53 T2 5 548 23 4 09
{16} 4183 +£0 64 A0 89
Males 71-8% £33 508 23 4 2 %
) 1 B0 31 36 A0 58
Females *3-51 553 48 B o7 228
i &1 47 10 53 £0 06
Ferales 674 &3 v 431 214 223
0 182 10 b

£0 97

aged 40-30 and 82 subjects aged 70-YD showed that the
12lues for total body water related to body weight decreased
from 51 8 per cent to 50 9 per cent, and those for the cal
culated mtracellular water decreased from 80 5 per cent to
23 1 per cent  The extraceliufar water changed from 24 3
fer cent ta 25 8 per cent only  The same pattern of a shght
decrense w total body water and wn intracellular water
reated Yo body weight was seen in a male senes studied by
Otunch and Waoodtord Wilhams {3926} Sagild s findings of a
decrease in total exchangeable potassium n the old age
1:"ro‘:;;: of both sexes can also be interpreted as evidence of a
13 Al
(Sagﬂdtlm‘, Gt)hc mtraccllalar phase related to body weight
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When the body water compartments are related to total
body water as a standnrd of reference another se difference
appears  In males the extracellular water accounts for 43 per
cent of total body water and in femnales for 47 per cent,
whercas the intracellular water amounts to 57 per cent of
total body water 1n the males and 53 per eent m the females
The dilference betwcen these ratios 15 statistically significant
{P<0:001) Tlug difference 1 the distribution of the total
body water between the extracellular and mtracellular
compartments can be explamned as the result of a Iugher
development of tissues rich in ntracellular matenal and
relatively poor in extracellular phase, such as muscle tissue,
m the males

In concluston the sex difference in body composition s
outhned as a higher relative content of total body water, a
higher relative content of mtracellular water and a lower
relatrve amount of total body solids and especrally of body
fat, in males than m females The total body water s distn-
buted with a lower extracellular fraction and a higher mtr1-
cellular fraction n males than in females

Ageing

Our expenences 1n the old age group arc based upon the
v estigations carried out m seven apparcntly normal meles
with an average age of 75 years and seven apparently normal
females with an average age of 68 years Tlus group Was
studied m Dr Francts Moore’s Iaboratory (Parher, Olesen and
Moore, 1058) The methods used were the same as those
applied to the younger adults

The essential findings m the old age group are presented i
Table VL.

A comparison between younger and older ndults reveals the
following findings: total body water decreases from 54 3 per
cent to 508 per cent 1n males and from 48 6 per cent to 13 3
per cent in females. The extracellular water nises shghtly n
males and decreases shghtly in females The intracellular
water decreases from 80+9 per cent to 25+4 per cent in males
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a2+4 per cent in females. The
from 259 per cent o ¢ n ft

?i‘:scr::cm mentl:oned are not statistieatly slgmﬁt:n(‘;t exc[sp\
for the decrtase fn intracefluiar wates in males (001> P>
“'?rou?}nmxmov to a decresse m the Telative values for totz:fl

Shoch, {1957), in wluch the anhpymbe spate sbu tire s
cyanate space were measured 1 & Targer group of males, the

fallowng data are of mterest. A& Companson of 23 subjects

Table VI
TODY WATER COWPARTHENTS 1N YOUNGER AN 1S DIDER APLLTS
RELATIVE VALUES
TWater compartments n pef cenb of body
weight wsth standard errer of the meari
Sex dge Waght THY ECW Finty
Number) kg
Stafes 2351 w25 543 23 4 30 0
£33 %1 1% 48 6¢ +0 89
Stales -84 (D) 508 a5 4 2301
o 1 53 +1 36 30 38
Females 23-51 53 e R foa g 259
[t 2147 L) 1096
Females 61 74 538 434 o 22 4
] +1 02 40 43 40 97

sped 40-49 and 32 subjects aged 76-70 showed that the
values for total body nater related to body weight decreased
from 53 B per cent to 50 9 per cent, and those for the cal-
culated witracellulae water deerpased from 86-3 per vent to
25 1 per cent. The extraceflulsr water changed from 24-3
per eent Yo 25 8 per cent only. The same pattern of a slight
deerease W total bedy water and in ntracellutar water
related to body wesght nas seeg 1n n male series studied by
Olbrich and W oodford-Withams (1956}, Sagild’s findings of a
deesesse I totad exchangeahle potassium 1n the old age
groups of bath seves can also be interpreted as evidente of a
deerease in the ntracelular phase related to body weght
{Samld, 1035}
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Trom the umform tendencies i these materials 1t scems
reasonable to conclude that the shight decrease m total body
water and in mtraccllular water related to body weight
reflects real alterations mn the body composition with advanc
mg age With the decrcase in the relative value for total
body water there 1s n relative merease m total body sohds
As the antracellular phase shows a relatne deeresse the
nerense n total body solids must be assumed to be caused by
a relative mcrcase 1n non cellular solids, most probably body
fat

1he alterations m the extracellular water related to body
weight are not quite uniform and the changes are small It s
of interest that extracellular water expressed as per cent of
total body water in both sexes shows a nise from younger to
older subjects, an the males from 43 per cent to 50 per cent, m
the females from 47 per cent to 49 per cent  Tlus tendeney 18
also seen an Shock’s and m Olbnich and Woodford Wilhams
scries and indicates an altered relastionslip between the
extracellular and mntracellular water

In conclusion the alterations in body composition m the
old age group as compared to younger adults were rather
small A tendency to a relative decrease i total body water
and 1n intracellular water and a relati ¢ mereasc m total body
solids, most probably body fat, was found The extracellular
water stayed essentially the same 1n values related to body
weight, but demonstrated a tendeney to increase 1n per cent
of total body water
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Hingerty Are these differences i the intraccilufar wal

ter relates
PIOPOTION of functional museulat tissae? Have wm an d 10 the
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Olesen It appears from Dr 1ris Hancen's maternl that chemieal
maturity occurs about the aze of twelve months

11 :ddo tson Have you made any cileulations of the body fit at differ
ent ages?

Olesen 1 have tried to compare the dilfferent groups and it scems that
there 1s a relative mcerease 1n hody fit throughout childhood It ssa
shight one but 1t does exist 1f we nccept that all the non cellular sol 1
changes are changes m body it Tius caleulition 1s quite apart from
possible chanzes 1in bodv mmneral and I do not hnow to what extent
these would interfere

Borst Is there any relitionship betwcen the creatimine output and the
ntracellulr flmd?

- T v b * of deternunation of

v N sratory (Corsa ef al

) " sas found between

creatinine excretion and the amount of total exchangeble potassium
I'lus has not been studied i this particular series

Ieller How fir s 1t Justifiible to take mean figures from ten young
adult females without considering the role of the menstrl cycle? Hue
you had enough eases to pay attention to this pomnt?

Olescn No but 1t would appear from what Dr Swier mentoned
vesterday that it would not mean very much as the Jatest view s that
these body weight changes are domly distributed throughout the
menstrual cyele

Shoch It seems to me that we has e two possible mierpretations of this
age reduction e intriecliulir water  The iterpretation I fivour s that
the reduction i total intracellular water 1 o reflection of the loss of
functiona! cells or the loss of protoplasm rather than a change i the
water concentrition of the rematung protoplism  Have we any other
evidence that would make one mnterpretation more probable than the
other?

Dawson Ithink that1sa very sound pomnt beeause a cell en change in
size without there being a ehn.e w the relitne value of the water or
solid contents of the ot imsm  Is there any change 1n the Instologieal
appearance of old tissuc that would mdicite whether the celis had be
come smaller or Inrger?

fur the age redaction m bastl mctabolion tn terms of ectuiir ks 1len g
‘ N - ! 1 s5a1 gl metab

. 3gen con

-

- N .

aren
s“:r;rcﬁmu Total crehangenble potassum mihit possibly be a good

pomameter for this measurement of  ratopl tsar
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THE EFFECT OF VARIABLE PROTEIN AND
MINERAL INTAKE UPON THE BODY
COMPOSITION OF THE
GROWING ANIMAL*

Wirtam M, WarLLace, WitLiav B, WeiL and
AxNE TavLOR

Department of Pediatrics, 1 esterns Reserve University School of
Medicine and Bobies' and Children's Hospilal, Cleveland, Oho

THE quantities of various nutritive substances m the
growmng body at any given pomt represent the metabole
tegration of the daily additions to the body from the diet
from the tume of conception. Measurement of the rate or
quantity of addition may or may not measure the nutrtional
requirement for a given substance. Whether 1t does or not
will depend upon the requirement for synthesis and metabolic
transformation and upon the possibility of the body bemg
able to store the substance, Thus, the day-by-day acerction
of fat or glycogen cannot measure s requirement but the
aceretion of protein and mineral may do so, once any capiety
for storage 1s exceeded. Information concerning requirements
for growth 15 usually obtamed by measurements of external
balance for variable pemods of time The information ac-
quired concerming the requirements for grow th and the com
position of growth by tlus method 1s often strangely contra
dictory and always meomplete Much of the data so ob-
tained mdicate that extensise storage of dietary components
oceurs, or that the composition of the body tissues 1s variable
and dependent upon quantity and quality of the intake.

* This work was supported by grants from the Baker Laboratones, Inc.,

Cleveland, Ohio and the National Institute of Arthntis and Metabolic Dicescs
) ~ ey N T T O o v Segenlth Service,

[T
P D Society, May
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fissues can vary significantly 1 composition except
?x:;t}::(};eme ccndmons{s dffiealt o Teconale with present-
day knowledge of tissue composit
The expenments to be described here were undertaken 1
an attempt to characterize the effects of Tugh and low mineral
and protein Mmtakes, 1 Vanous combinations, upon the body
compouton of the growing albwmo rat as determined by
direct whole body analysis Previous worh using this methed
of approach has been concerned with single constituents and
not with the mterrelatsonships of all of the companents The
data ndicate Little vapabihity 1n composition for the collectve
soft tissues of the body The only ntake-dependent relation-

ship that seems of sigmficance 15 in the relstive proportions
aof sheleton to soft tissues

Experimental Methods
A Animals and Diets

Male weanlmg Sprague Dawley stramn rats were used m all
feeding expeniments Two groups of arumals were nsed to
measure food consumption on the lngh and low protein diets
In these expeniments spill proof feeding tunnels were used,
and the ammals caged singly The remamng groups of
animals were housed m units of four i steel wire cages with
open mesh bottoms  Continuous aceess to unlmited quanty
ties of food 1n open contamners was allowed Distilled water
wos soularly offered from dropping bottles Al groups of
wximaly were aftowed to grow for o perod of 20-25 days
This period of time was chosen as 1t allowed appro<imate
doubling of weight for the most slowly growmg groupy

The experimental drets were compounded using posdered
fat free cow’s malk. (Starlac, The Borden Company), electro
hte snd witamwn frec casem (Nutritional Biochermcals
Coxmtlt:, glovehni) dextrose a fat micture composed of

arts ol oo
z}\mg“Co : Argo',m ol (Mazola Corn O, Corn Products Re

Ihinois) and hydrogenated vegetable ol
{Crisco, Proctor and Gamble, Cincmn?stl, Ohuo), %mﬂ a sa;k
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masture (NaHCO, 7 t g, hCl, 12 0 g, CaCO, 120 ¢

(NH,).IIPO; 1t 9 g, MgSO, 2 5g LI, 0 001 g) topro
duce the compositions shown mn Table I The salt mivture
was compounded to mutate the 1on ratios found n fat
free cow’s milk  Terrous sulphate, 2 0 ¢ copper sulphate
0 22 ¢ and aurcomyem 0 25 g per hg of diet were meorpor
ated in the mustures A vitanun mnture (Vitamin Dict
Fortification, Nutntional Biochemueals Corporation) i quantt
ties caleulated to make all diets equal n this respect was
added to the mntures

Table I
ANALYSIS OF DIETS
£{100g Det mnolef1008 D et
Ihet  Protery Fat Carbo  {sh Other* a A c Ca P
b ydrate
HPHI 234 %00 305 602 51 1600 324 233 291 213
IMIIT 234 300 35 3108 51 BC4 166 145 118 100
LPHD 120 320 s00 602 2% 1006 3.4 264 271 213
LPIL 120 3.0 .02 303 24 804 166 145 118 109
Frishes268 6o 514 11¢C0 3~ 110 153 130 850 368

* Mof ture + Fibre (calculated by difference)

Prior to the beginning of the feeding expenments all
ammals had been weaned to a commerenally produced small
anmumnl feed (Pnshtes The Carnation Milkh Compans) hnown
to produce excellent gronth general health and reproduction
i the albino rat  Prelminary feedmg trials with the ngh
protem expenmental dicts m companson with the Inshe
dict indicated cqual effectin eness as measured by weight gy
general appearance, activity gentleness and ack of morbidits

Exght groups of ammnals were studied namely

1 Weanlng group (WEAN) 70-80 g rats weaned to
Friskies
High Protemn High Tlectrolyte (HPHL) sec Table I
Ihgh Protem Low I lectrolvte (HPI'E) sce Table
Low Protemn-Ingh Electroly te (LPIIF) see Tabie T
Low Protein-Low I lectrolyte (IPIT) sce Table I

o 81D
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© Rats fed Fnshes by way of control See Table 1 for
coraposttion of this ration

7 A igh protem, vgh electrolyte group fed to measure
food consumption

§ A simslar group to No 7 but fed the low protem, low
efectrolyte diet

At the end of the allotied penod of growth (2025 days) the
anumals were etherized and 2 ml of blood removed for
analyss either by heart puncture or tul meision Killing was
accomphished by further ether esposure The dead weight
was obtained and the abdomunal cavity, thorax and shull
opened with heavy shears* The whole body was then dned
nan oven ot 85° 95° ¢ until o, constant weight was reached
{45 days) Dunng the drymg process, the earcass was
further broken up with heavy shears The dmntegrated
earenss was edtracied Tepestedly wath & eold soxtuse of equal
parts ethyl and petraleum ether and ve dned to constant
weight The dried extracted carcass was then homogenized m
a Wanng Blendor with 5 solumes of arhydrous Acetone and
the solvent evaporated off and the matenal re dned  Ths
process produces a fine homogeneous powder suitable for
quantititine analysis The ponder was stored 1n & desiccator

B Chemical Methods

Water  Caleulated from weight loss after desieeation

Fal Dunng the course of the analytical work, the fat
extraction method used as applied to tissues by Hastings and
Fuchelberger (1937) was examined for completeness of fat
Sxtrachion when pphed to whole corcass  Powdered carcass
nas evhaustoely extracted i the Soxhlet apparatus serally
using ether aleohol and chloroform This process nereased
the degree of fa% extraction to the evtent of 1 54 g per
ammal  Analysis of the matepal subjected to such extraction
L Intestinal contents nete nat sam
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indreated that 1ts mtrogen content multiphed by 6 25 plus
the weight of its ash very closely approumated 100 per cent
of the material Consequently, fat has been calculated i all
of the data by the rclation Fat=dead weight—water
weight—(nitrogen X6 25+4-ash weight) All of the constitu
ents shown in Table IT have been caleulated as g, m mole or
m equiv per 100 g of protein plus ash (1 e fat free dry solids)

Ash A sample of carcass powder was weighed after
cineration at 600° 1n platinum

Nitrogen  Determuined by macro Kjeldahl analysis using
sclemum as a catalyst

Chloride A micro modification of the method of T owry and
Hastings (1942) was used with cold mitric acid filtrates
Samples of the homogemzed powder were also analysed
polarographically for chlonde, using sulphune acid filtrates
with excellent agreement between the two methods

Soduum, Polassium and Calctum  These were determined on
the ash after separation of calcrum usmg methods presiously
deseribed (Bergstrom and Wallace, 1954)

Magnesium  Determinations were done on the ash using the
method of Iister (1950)

Phosphorus This was determined on the ash by the method
of Tishe and Subbarow (1925)

All clectroly te and mitrogen analyses were i duplicate

Results

The analy treal data obtammed 1 the experiments are shown
m Table II Tor comparative purposes the whole body
analyses on the albino rat of Iight and co worhers (1034) and
of Cheek and West (1956) arc mncluded  Also shown are the
average data of Widdowson and Spray (10511) for siv normal
human newborn babies and the data for single whole adult
human bodies of Widdowson, MeCance and Spray (1051.4)
Torbes Cooper and Mtchell (1053) and Mitchell and co
worhers (1035) The data for water, protein and ash have been
enlenlated per kilogram of fat free body weight The water
and cleetroly tes are also shown using as a reference standard
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100 g of protewn plus ash Tlus 1s equis alent to the commonly

used reference standard of fat free dry tissue (vide supra)
Fig 1 graplucally presents the currently obtamed data i
terms of grams of ash, protem and water per hilogram of fat
free body The grams of fat per hilogram of fat free body are
shown to the night of the columns It 15 evident that the
compositions of the fat free bodies are essentially sl The
relatn ¢ proportions of water, ash and protemn have not been
greatly modified by variation of the dict producing the growth
GROUP  pRCT A

"
froy  AsH PROT waTER ar

vean 50 2o [ ] 11
e s6 18 [ ]
e e e [T I
ot a5 22 [T -
e a5 2o ] I

FRISKES 48 21
o8 CEIRL
(e/b9 fa Fuse 8o Waor )

Fia 1 sl protein anl water content eMealate ! per
Klogrua of toly weight for the ix graa]s  lat per
Kilogram of Tit free loly s slownat tle 0t

merement  Only 1f body fat were included would gross
vanation occur  Lhe young ammals (WI AN) are relatnvely
low n ash and protem and high m water with growth the
bodies acquired relatively more ash and protein than they
did water lhe fat contents of the ammals on the low
protemn diets are sigmficantly ugher than they are on the hugh
protemn

In ig 2 the absolute values for total fat free body w aight,
water, protein and ash for the five groups are shown as con
trasted agamst the Irishic group as an arlntrary refurence
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standard of growth ‘The high protem groups are very closely
equivalent 1 weight, protem and water content to the
standard The two low protein groups reach two thirds of the
Tugh protein groups with regard to weight, water and protein
The degree of mineral aceretion 1n the lngh protein animals 15
significantly different, the high electrolyte group accreting

3~ Booy WEiGHT (FAT FREE)

WATER
Wean % e
i AsH

% Friscies Weiony)
FIG 2 Aot ten an b @ -
«
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muck
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ow
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protein, high electrolyte group. This is significant at the 1 per
cent level.

‘The protein to ash ratios shown in Fig. 1 and evident in
Fig. 2 indicate the main significance for body composition
rcsultx:ng from diets of variable protein and clectrolyte content.
The high-protein-fed animals have more protein in relation tc
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ash than do the low-protein-fed animals. Since bone contri-
butes 90 per cent of the ash, the ratios represent the soft tissue
to bone proportions in a very general yet valid way. It scems
evident that only on a high protein intake ean the growing
body lay down maximal bony tissue. In the Friskic grovp
where the nsh of the intske is very high and composed
chiefly of ealeium salts, an even greater accumulation of ash



MPOSITION 123
Errecr oF VARADLE InTAXE on Bony Comp

occurs at the relative expense of soft tissue yltlexe this
re\"\t':onshlp stops 18 not answ‘ered h): the p‘res‘ent ata

£ ash and protem 1 the body water and the nature of

:‘l‘x’ehczmap:s\t\onz( the ash are shownin Fig 3 It 1s evident,
a5 has been noted that only m the weanhngs and mn the low
protein tugh electrolyte group does a sigmficantly different
amount of protein per umt of water appear

All of the experimental data for indiwdual cornshtueuts of
the body have been caleulated using four r para
meters e gratas or m mole per v hale hody, per hilogram of
fat free whole body, per hilogram of water and per 100 g of
protemn plus ash (fat frec dry tissue) All of these calculated
ndiidual values hay e been compared among the four groups
The following statements can be made

1 The Effects on the Protemn Content of the Body
A By Protewn Intahe

Only in those ammals on the tugh electrolyte diets did
tnereased protein intake result 1n mereased protemn content of
the body on any of the enumerated bases

B By Electrolyte Infake

In the animals on the high protemn intakes, the clectrolyte
effect was vamable depending upon the reference base used
for calculation In the low protein fed ammals a hugh electro
Iyte intale reduced the protemn content of the body calculated
on any basis

1 The Effects on the Mineral Content of the Body.
A4 By Protesn Intake
On any busis of caleulation, other than absolute bod,
. y size,
the bodies of the animals fed g low protew sntale, whethex"
with lugh or low electroly te, contamed more ash, ealoum,
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magnesium, sodwm, chloride and phosphorus than those fed
a high protem intakhe,

B. By Licctrolyte Intake,

The high clectrolyte diets Jed to mnercased caleum and
decreased chlorde 1n all groups ealeulated on any basis,

In the lugh protem groups the high clectrolyte mtahes also
resulted 1n more ash and less potassium when caleulated on
any basis

In Table II the serum concentrations of sodum, potassium,
chloride and total protem are shown for the four exper-
mental groups. The only consistent sigmfieant difference 15
for the concentration of total serum protein  Serum protemn
concentrations are lugher m the high-protemn-fed groups
The lower protemn concentration may mdicate protem de-
ficiency 1n the low protem group and other evidence for such
deficieney 1s given below. The validity of serum protetn con-
centrations as a reliable mdex of protemn malnutnition can be
questioned. In this connevion 1t 1s of mterest that the serum
protein concentration of the breastfed nfant 1s lower than
that of the nfant fud cow’s milk (Tudsad, Birch-Andersen
and Marmer, 1957).

Animals m experimental groups No 7 and No. 8 were fed
n such » manncr as to allow accurate measurement of food
mtake. The lugh proten group eonsumed 8 2 g of ration per
anmmal per day m contrast to 9 3 g per day for the Jow
protein group. The mean weights for the two groups at the
end of 23 days were 174 and 155 g respeetnely. Caleulation
of the ealoric values for the whole bodies of these ammals
shows that the lugh protem group contamed 292 calories per
average ammal (1,710 calories per hg ) and the low protein
group 263 calonies per avcrage ammal (2,085 calorses per hg ).
Caleulation of the calories utthzed for physiological activity
wdicates that the low proten group expended 175 ealonies
more per ammal for the period of observation than did the
ligh protein group Increased spontancous activity wos
clearly evident m the Jow protem groups during the period of
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heervation, Inereased spontaneous actn ity with n\x[m\;;g‘:%
feficiency has been previously noted {Forbes et al, 3

Bevan et al , 1930)

¥ HPHE

can molef « BPLE
100g Proten *LPHE
alPLE

0.

0ol CaviToP-siy
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£.m mole ficog Protem
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Tteltiondups of caletum and phosphorus 1o
proten m the expenimiental groups For dewcenption of
Ticthod of canstriiction, ste text

The dnia i Fig. 4 rep 1 the eateumfphosphorus re-
latianstop W the four prinspyl expenmental groups, On
the nssumption that the protem content 18 o, basic unit of
structure, the values ar¢ compared in Telation to protein,
One sdvantage of this formul 15 that the mtercept of the
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regression Jine on the X nxas defines the amount of phosphorus
present in 100 g of calelum free protemn  This value should
reflect primanly the phosphorus content of miuscle tissue
From the statistical analysis of the caleum phosphorus
relationship, a correlation coefficient of 4- 0 90 was denved
Further, by the analysis of variance techmgque, 1t has been
determined that the regression curve 1s o straight line, des
enbed by the equations calemum = 1 70 phosphorus— 51 1
and phosphorus = 0 48 caleum 4 48 6 when both are
expressed ns m molefl00 g protemn, and calaum =2 19
phosphorus — 2 04 and phosphorus == 0 87 calem + 1 85
when both caleum and phosphorus are expressed as g /100 g
prote:in The X intercept 15 between 80 8 and 43 6 m mole
phosphorus/100 g protem or between 0 93 and 1 85 g phos
phorus/100 g proten It 1s of iterest that the ealem/
phosphorus ratios of the four groups of rats studied by Light
and co workers (1931) and the mnfants analy sed by Widdowson
and Spray (1951) nlse lic on tlus regression line when ther
values arc calculated 1n thus manner  Chus indicates that the
changes m phosphorus content of the various groups arc
related to the changes 1n calem and to the total amonnt of
protem present The phosphorus coneentration 1s constant in
the *“soft tissue” {calcium frec protem), and the phosphorus
has o constant ratio to the calerum n the “skeleton” {ealoum
containing tissue)

It 15 also apparent from the figure that the calcum to
protein ratio 1s lughest an the low protein lugh clectrolyte
fed amimals and Jowest 1n the lugh proten low electroly te
group

Discussion

The present data, khe the very stmilar data of Widdanson
and McCance (1957) and Stanter (1957), indicate no real
evidence for storage or depletion of protemn wsth varying
ntake The basis for such a judgment 1s made by examination
of data caleulated using exther a Milogram of fat frec whole
body or 100 g of fat free dry solids as a standard of reference
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The rationale for the use of the latter standard has been dis
csssed 1 detanl elsenhere (Cotlove et af , 1951) While such a
seference pont 15 essential for e aluation of acute shifts of
water and electrolytes n tissues, 1t may not be equally
applicable where the growth of a complex of fissues 15
volved In thus latter sttuation 1t 1s essential that the relative
gamn or loss of a substance n question be examined 11 Tegard
10 & number of reference standards, as has been done here (see
Results) When the changen any conshituent s eonsistent 1
direction regardless of the reference basis, it 15 probably a
seal pne, as has been noted above Howeser, nhen the change
1 m one direction on oue basts and 1 the opposite on another,
ihe guestion of gamn or loss 15 dafficult to assess  An example of
1bss from the eurrent data 1s found 1n the change 1 potassium
rontent with change in protemn mtake m the ammoals on the
low electrolyte diets The tugh pratem fed anmals were
larger and 4 more p on ap absolute basis
When caleulated per kilogram of fat free body the potassium
concentrations were equal, but on a hire of water basis the
potassiam was greater mn the low protem group Agam,
referring tns ton to fat free dry sohds, the igh protein fed
sumals would seem to have the lghest content For the
Ppurposes of nutnitional evaluation, 1t 15 valid to calculate
tonstituents as per unit of whole body inclusive of fat  When
tins 15 donc, an even greater nureber of permutations and
combunahions can be found with regard to relative contents
tllf all substances  Untid more 15 known concerning the distn
bution function and relationships of protemn and clectrolvtes

in tissues 1t would seem advisable to emphasize only these
changes whieh are relativelv consistent

When the present data are considered on this basis, the
compositian of the hod:

y with regard 1o water, protemn and ash
l’;‘:hc same despite vanation of the components of the mtake
o e ‘\x:olc bods may be smaller or larger as hmited by the

slalubty of eertin cruerat nutrmments but its relative

composition remains unchanged  Ont
sheletal mass i relat, of iy

a3 ) ton to soft issue seerns to be significantly
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susceptible to some saration by varation of dietary mntake
Exen m relation to sheletal tissue the possibihty of varable
composition 1s limited by another parumeter, 1 protem
Thus, the camposition of the body achiexes an independence
from the ens t, an mndepend that would seem
essentialan a I ang system where metabolie function is carnied
on by protein with its entieal requirement for constaney of
water and sonic concentration

The concept that the whole body or the eells of the body
may be enriched or depleted of thewr various chemreal con
strtuents by vanatian of the dictary mtahe 1s widely supported
wm the natritional literature By cxamnahion of retentions
during balanee observations on growng mfants, 1t may be
concluded that the lugher the mtake of n substance, the
greater will be ats final concentration m the body per untt of
weight (Rominger and Meyer, 1027, Swanson and Iob, 1933,
Stearns, 1039)

Corrclation of weight gams of premature mfants with the
protem and ash content of the mulk fed has shown Iugh
positise correlation with the mereasmg ash content {Kagan
el al, 1955) Conversely, possible support for the coneept of
vanable body composition stems from nitrogen losses after
trauma  Both amimals and men mamtamed on low proten
mtohes Jose Jess mtrogen after trauma than do those with
prior optimal mtakes (Munro and Cuthbertson 1913, Cuth
bertson 1948) Flolmes, Joncs and Stanser {1953} found evt
dence mdieating that men shufted from very low protan
mtahes to optimal mtakes retamed mtrogen far sn excess of
that ealeulated from weght gam and external dosses The
use of the terms * depletion’ and  deficiency ™ bears tact
evdence for the belief i the concept of ccllular impoy erish
ment duning nutnitiona! deprnvation The majorty of the
evidence for the coneept of vanable storage of protem and
minerals and loss during deprivation stems from the techne
ally hazardous techmiques inyvols ing measurement of external
balances The possibility of fow corrclation between apparent
retentions or losses and changes w bady weight has not been
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commonly reshized The shortcormngs of the balance method
are funchions of such items as the effects of vamable calone
intake, quality and quantity of protemn mtake and muneral
Tatios on the fat content of the body, the distribution of body
water and the zelative size of hody components such as
sheleton and musele These problems have been most com

pletely explored 1 relation to evaluation of the problem of
protem adequacy (Mitchell, 1844, Allison, 1954, Calloway and
Spectar, 195, Spector and Calloway, 1953) It 15 also httle
appremated that systematse exsors oeens in the ealculahion of
apparent retentions that are cumulative 1 a positive divec

tion, the magmitude of the cumulative error bemng m direct
proportion. to the magmitnde of the mtake Thus makes
difficult the companson of retentions at variable intakes The
relevance of this enticism with regard to calem retentions
has been discussed by Mitchell and Curzon (1939) and by
Mitchell and co workers (1945)

E of the P of growth ts by
direet body analysis has shown that, once chemical matunty
15 reached, the composition of the fat frec body with regard
ta protein and ash 1s neatly constant regardless of any pro
frl‘iliri t;ﬂ.en to modify weight gam (Moulton, 1928 Monlton
1
¢ 1 v b uenal ot caletum (Laght et al., 1934)

The concept of vanable cellular composition of the body 15
diffieult to le with the ledge of the
of tissues Al of the mdividual tissues :f the albino rrat ha
been annlysed for their water, protem, fat and mineral n
tent by many miestigators All of these data, show a mcon
tonous constancy when ealeulated on a fat free basis ;‘1\:;
rt)}e‘zms despite almost wiinte vanalwn m the rations fed to
- m_n:n’mnls Unless special exnenmentsl .

mm[
ctal

wpb LUINPOSIUOR 1 constant  Even
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with age the maxmum change of water content 1s no more
than 1 per cent and of potassium 5 per cent

Exammation of whole body data, with certan salient ex
ceptions, also shows rather remarkable constanev  Fat s
probably the only component of the total body that can vary
within rather wide limuts and still allow reasonable well bemg
to euist  Varation from 10 to 50 per cent ean occur without
apparent evidence of malfunction The water content of the
fat frec body 15 more closely guarded Variation of much
more than = 5 per cent from a rather ngid norm results m
ripid merements of physiological disability Morcover,
allowable vanation of body water 1s primanly extracellular,
cellular water content, within the Iimits of viability, must be
confined to much smaller vanations Simce protem 18 the
critical parameter agamnst which water content must be
judged, 1t follows that protemn concentration must also be
lughly cntical 1nd susceptible to only nunute vanation The
consideration applying to water must also hold for the chief
cxtracellular electroly tes, sodum and chloride  Defit of
potassium m the whole body to the extent of approimatels
25 per cent does occur, and 1s replaced by variable guns of
total body sodum (Schwartz Cohen and Vallace, 1957,
Clhicek and West 1956) The studies of Sherman and Booher
(1931) show that the caleium content of the whole hody 18
widely varable in response to yaration in the dictary intake
Defintion of the optimal body content of this 10n 15 efusive

In the discussion so far the point of view has been taken that
in order to justify the terms stored protein or mneral, these
must ewst as phy sienlls demonstrable entities comparable to
glycogen and fat i the body It would appear that the
essentral organie structure of the body cannot be affected m
quality by adjustment of the diet  The careful chemical
analyses by Luch (1936) of rat hner protemns from ammals
mauntaned on varving levels of protem intake incheate that
all fractions of the hiver protems have partiespated equally
m any “storage’ process Madden and VWinpple (1910} hase
defined the reserve store of protein as all of the protan
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which may be given up by an vrgan or tissue under unform
conditions without snterfering with organ or body function

mg  Ths definition mdicates primary phy siol 1 signidic

anee not anatomeal  Tn thus view the primary requirement
for furthenng understanding would be methods for character

mng and distinguishing physiologieal depletion The response
to repletion has been used to assess the degres of depletion
such a phy siolopcal sense The work of Madden snd Wiupple
{1940} and Cannon (1954} Mlustrates the frustfulness of the
method for studying the metabolism of protemn under con

ditions of defioit  Cooke and co workers (1952) and Sehwartz,
Cohen and Wallace (1955) hate apphed the techmque to
experimental potassium defieiency and Hansen (1926) to the
potassium deficst 1n kvashiorkor  The abibty to survive 1
stressful sitwations provides o further avenue of approach

Baur and Frler (1957) employing the weanling pig growmng
on diefs symilr to those used m the present expenments

have shown differing abihities of ammals growing on different
diets to resist water and ealone deprivation  Therr data
méieate that ammals mantained on low protemn mtakes
survie ealone deprivation to a greater degree than do those
mamtained on lugh protewn mtales Conversely, the hugh

protein fod amimals withstand nater deprivation to a gre;ter
degree than do therr low protein fed companions  Sherman
(1916) has corvelited calowm ntake with hfe span and
reproductine hfe A newly opened approach to the problem
of charactenzing and assessing defiests m a phystolomenl

ens &

sensers that of distingushing structural versus enzyme protem
‘“.‘MUL‘S Potter and Klug (1047} have shown that Lver

and ite onadases are d
.

2 .~

wiliser of other tissue enzymes

Thees ‘Summ:\ry and Conclusions
mposition of
gk e of growth of the albino it on bugh proton

on tugh protemn low electrolyte, on low
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protemn Iugh electrolyte and on low protem low clectrolyte
diets bas been examined Analysis of the whole body for
protein, water, fat, ash, sodium, potassium, chlorde, calcum
phosphorus and mgnesium was performed on ammals allowed
to double their weaning weights on the enumerated diets

The ammals on the low protemn ntahes grew sigmficantly
less and their bodies contamed more fat  The composition of
the fat free bodies on a umt basis were all essentially simlar
despite the variation of the food mtake The prnaiple &f
ference resulting from vanationn ntake was n the quantity
of the sheletal constituents m the various groups The
ammals consurming the low protemn rations contaned more
calelum and phosphorus on a umt Dbasis than did the high
protem fed animals

On the lugh protemn intakes accretion of sheletal nunerals
was dependent upon the level of clectrolyte intake, bemng
Ingher m the ligh electrolyte fed animals In the low
protein fed ammmals accretion of sheletal mumerals was less
affccted by the level of electrolyte mtahe

Only m the ammals on the lugh clectrolyte dicts did n
creased protemn mtake result mn mereased protemn content of
the body

The signficance of the data for nutritional evaluation 15
discussed
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DISCUSSION
Waddowson: May I suggest, Prof. Wallace, that you started your
experiments far too Iate. If you had started at 21 “Adolph diys™
mscg:ld Q!VQ} *“Wallace days”, you might possibly hnve got IdllTl‘il'n}

Intly the sheletal muscle, s more rapid 1n the fast-growing rats.

Wallace How are they different? Arc they dilute?

Widdowson The proportion of extraccllular flurd in the Lodies and
museles of all the rats decreases with development, and the proportion
of intracellular constituents, mitrogen and potnssium, rises, but the
changes take place more quichly 1n the fast-growng animals, so that they
reach chemical maturity nt an carlier age

e row L

- RN TR, 4

Ann_appl Iol, 13, 374, and 14, 171} He did fantastic things hht‘
suchling mice with rat foster-mothers and geting them up withn 21
days to something ke 75 per cent of an adult mouse's weight I.N‘Y'l
over this agmn, breaking the changes down weeh by “(:('k (057, J.
B ' . . i A .

PR . ' .y . o .
10 body weight, so naturally the bigger rat ate more iy continuty i
grow faster.
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After about four wechs there was an incrense of 5-7 per cent in total body
\m'tcr. but the interesting thing 1s that the plasma potasstum and plisma
- Eh .

- . . . [
. . . . | . .
Wallace * 1 he calerum an the body s nlmost entirely sheletal and with
this kund of data 1t 1s impossible to say just where this caleum is You

hate to study the individual tissues.
Tourman Do you tinnk that the inerease 1n bone which y ou suggested
beenlne 1

took place 1s an m t r called freely availible
mobihzable, bone tissue?

Wallace ™% e . 1 atedand
trabecular .
eclectrolyte . . . P 1 -

conditions of stress

MeCance You began by putting up eharts of balances showing that {(
the dtet contained more sodm and potassium, the clild absorbed and
retained more  Yet you find by expersment that you do not alter the
composition of the body Can you reconeile those observations?

Wallace Tlus 13 a purely technieal matter on wlich I have strong
feelings In a balwnee experiment the quantity of food entering the
body and the excreta recoy eved are alway s shightly less than the measure-
ments indicate  The more refined the technique the smaller this error 13
Also, the greater the concentration of a nutniment in the ntake the
greater will be the error when compared with intakes of lower coneen
tration but of equivalent ealoric value When subtraction is used to
calculate the balance these errors accumulite  The crrors In dong 8
balanee are not randomly plus or nunus as is generally believed, but
systematically positive  Much of the anthmetical dificulty arises hecause
one must subtract two quite large nuinbers to obtain the usually very
small balance value At zero intake the balanee micthod becomes more
nceurnte Body composition estimates such ns can be made from Hene
dict’s and Gamblc's fasting data agree with direct analysis data quite
well  However, body composition estimates made from balance data
W LR AR o R U I e A St 1Y
-y



THE EFFECT OF AGE ON THE BODY'S
TOLERANCE FOR FASTING, THIRSTING AND
FOR OVERLOADING WITH WATER AND
CERTAIN ELECTROLYTES*

NaTHAN B TALBOT and Ropeet Ricame

Department of Peciatries Harvard Medical Sehool and the Children 8 Medieal
Service Massachusetis General Hospatal Boston

As 1s well known, the body 1s equpped with homeostatie
systems designed to mamtam water and electrolyte content
and tion values at physiol lly optimal levels
The systems accomplish this task largely by equating output
wthinput  While rates of input canbe vaned wmdely without
overreaching the capacities of the homeostatic systems con
cerned nonetheless there are limts beyond which one cannot
fo without getting into difficulty (Talbot, Crawford and
Butler 1953, Talbot ¢ al, 1955) Thus for each substance

there 15 o physiol 1 nt or floor, whichis
the feast intake of

gicas ey
the substance in question needed to balance
output and hience to prevent deficits where conservation forees
are acting maximally There 1s also for cach substance a
Phynological maznum tolerance or cetling which 1s defined ns
the fargest amount of the substance that can be taken and
chinumated without seriously disturbing body ecomposition
}}:l“ts falling between these two parameters may be sad to
mtlc“::;h"l‘ the physiological or safe working range When the
: administration of 2 substanee falls outside this range
or an appreciable length of time, body com
from normal and 10ns of disord
develop as outhned 1n Table §
* This paper 1
Instune u‘.’.‘?ﬁ’ QE;:X-,JT STy gt 03 o the M)
ndly st frans uy\:a}m!“n::‘r:u United States Public Health Service

ealth Fund of \ew York,
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position deviates
1 h
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The manner 1 which & imit to homeostatic capacity ean
be recogmized and defined 1s sHustrated in Dig 1 (Talbot et dl,
1656) Here 1t ean be seen that this patient mamtamed
normal potassium status, as judged from electrocardwgraphic
T vwaves and from scrum potasstum concentration, and
remamed i potassium balance at rates of mtake up to
approvimately 70 m equis per m 2 per day. Thesc rates of

Table I

INDICATIONS THAT INTARE IS PIFy SIOLODICALLY RNCESSIVE OR INSURNICIENT
(ADULT Y ALUES)

“?;",f:e Too Much Too Lattle
Water intoweation Hypohy dration
O | Serum water >3 8m) /m osm * | Seérym water <3 4m} Jm-osm ¢
Na Lxtraceliular oedema ExtraceHular debydrtion
Nog { > 200, Nag > 12%
Weakness 1C0G Weakness €6
X Twaves t T waves |
Serum I >6 5 m equn JI Ay} >209,
r Serum I’ >@ mg % Osteomalacia
Nas = extracellutar sodium Rt = totrecellular potasdun

* Corrected for ures,

intake could therefore be considered to be within lus safe
worhing range By contrast lugher rates of mtahe fed to o
sustamed postts e balanee and to the appearance of cles ated
T waves and hyperhalacmun wluch are tahen to be sigms of
potassium mtoication  Accordingly, 1t may be s that this
mdmidual’s ceiling of tolerance for potassium was nbout
70 m equit per m 2 per 24 hours a subnormally low salue
comparison with o normal ceting of at least 250 m cqun per
m 2 and i heeping wath the fuet that fie was suffung from
marhed impaument of rennl function
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The same prnciples have been used 1 estimating the upper
and lower himits of body tolerance for water and certan
deetrolytes for normal 1ndividuals of vanous ages, depicted
whig 2 The upper himts shown tins figre are of necessity
approximate, being based on the relatus ely few data avalable
1n the literature and the fles of our metabolic unit {Talbot
ctat, 1932, Tafbot, Crawford and Butler, 1953, Talbot ¢t al ,

s
WEIGHT OF
T waves 1

«

EIY
L1V
o

w A “ NORMAL
i .‘ oy A, JTRANGE

ey UPPERLIMIT
" r 1 PrYSIOLOS RINGE
x URINE QUTPUT
BPUT me—— !

CITPYt e
Ty fwt
Ty /w00y

| S

5 W

T £ =
. oars
16 1 ot ph; 1)
Yy "
potassium tn & patient with imparred Ladneys. lF‘;::: ”T”Inf‘éi
gl 1956)

1933, 1936, Talbot,
5 ;hc) are mc‘lu'e and Crawford, 1958) Tn all

to levels which
Attaned by healthy indiy iduals w ;thm a day or so and ;::t‘])xec

utt
ermost Jevels which can be attained after extensne prior

conditiomng  The )
L4 ower himits wclude norm:
Guwrements for infants and chaldren, a fa o

‘:\:;“ size aftet the first fon months of hfe
1th the exetption of voung infants,

ctor of relatnely
It can be seen that
mdiniduals normally



140 Natian B Tansor anp Rospert Ricmie

The manner 1n whieh a limit to homeostatic capacity ean
be recogmized and defined 1s llustrated m Tig 1 (Talbot ef ol
1056) Herc 1t can be scen that this patient muntamed 8
normal potasstum status, as judged from clectrocardiographic
T waves and from scrum potasstum coneentration, and
remamned 1 potassium balance at rates of intahe up to
appronimately 70 m cquiv. per m * per day. These rates of

Table I
INDICATIONS THAT INTAKE IS FIN SIOLOGICALLY [\CI SSIVE OR INSUFFICIENT
(ADULY vALULS)

Sub-

stance Too YMuch Too Itile
Wtater intoxieation Ilypolydration

M0 | Serum water >3 8l /m osm * | Scrum water <3 4l fm-osm *

Na I'xtracellular oedema Lxtracellular dehydration
Nag f > 209, Nag} > 12%
Wenkness I'CG Weakness 1CG

K T waves T waves |
Serum Iv >0 5 m equir I I} >20%

r Serum P >6 mg °, Osteomalcia

“aa = extyac lularsodl m T = fntracellular potaulum.

* Corrected for urea,

mtake could therefore be considered to be withm s sif¢
working range By contrist Ingher rates of intake Ied to 8
sustained positive balance and to the appearance of elev ated
T waves and hyperhalnemia which are taken to be signs of
potassium mntonication  Accordingly, it may be sud that this
individunl s ceting of tolerinee for potassium was about
70 m equiv perm 2 per 24 hours, a subnormally Jow svaluen
comparison with n normal cailing of at least 250 m equiv per
m 2 and 1n heeping with the fact that he was sufferang from
marked inpairment of renal function
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The muoner m which n bt to homeostatie capacity can
be recogmzed nnd defined 1s rilustrated 1n Tig 1 {Talbot ef o,
10506) Here 1t can be seen that this patient muntamed 8
normal potaseium status, as judged from electroeardiogriphie
T waves and from serum polassmm concentrahon, fnd
remamed 1 potissum balance at rates of mtahe up o
approvamately 70 mocquiv per m ® per day  These rates of

Table £
IADICATIONS THAT INTAKE 18 PHYSIOLOCICALLY § \CTSSIL OR INSUTTIIENT
{ADULT SALLLS)

Subs
stanee Too Much Too Latile

Yeater intoviention Hypohy dration
HO | Serum water >3 Bl /m-0 m * | Scrum water <3 4m} f-osm ¥

Mo Lxtraccliular oedema Lxtencet] st dehydration

Nag{ > 209, Nog§ > 12%,

Weakness JCG Weakness 106G
h T waves § T wases |

Serum h >0 3 qequn /) Iz § 200
r Serum P >0 myg % Osteemalacss

Aag v cxita 1 alar sodtum R = (ntrveel ar g tasatom
¢ L orrectel £ f e,

antahe could thercfore be considered to be withmn hes safe
worhing range By contrast lugher rates of mtake led to s
sustrned positi ¢ balance and to the apparance of clevated
T waves and by perhalemss wiich are taken to be wms of
potassium intovcation  Aecordmghy it moy be sud that thiy
wdisiduals culing of tokrince fur potasssum was aboul
70 equn per m 2 per 23 hours a subnormath low aatue n
comparison with a normad cobng of at laast 250 m equn per
m 2 and i heeping with the fact that he was sufforng from
arked nnpurment of renal function
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which occur dunng the growth penod, 1n cach case average
normal values for body composihion and content were used
{Shohl, 1939, Forbes and Perlev, 1951, Corsa et al, 1936,
Frus Hansen, 1957) Each substance has been considered
sepatately In deshng with water, sodwm and potassium,

133 LECREASE N BIDY PROTE N
L0SS 25gm aZszat pe—g

157 CLAEASE o BODY SO0 UM
S5 OmEg/mls24 i

T3 UCELREASE 1 BOOY FAT (LALOR €} STORES
LOSS 430Cl a2 1260 Say

5% DECREASE e BODY POTASS UM
LESS WmEwrn2e oo

Darsor 13% CECREASE ™ 8007 WATER
tnvaron 1S —
T3 PRYOuCE LOS €S I¥L ¢ BLIGATCRY UR NE

$IR ous

CEPLET Ow

« 3 a1 a 0

Baniwe’ uoaas L T 48 L eR e
¥i6 % Davs of depnvation {ordinate) needed to produce the
Perowntage decrease i body content mdicated for each
subetance w individuals of vanous sges (abseissa) The
e of loss indicated for each substance Spproumate to
Poo ologenl munimum outpet rates of wihy

€ated by the kower boundanes of the phvsiological tolerancs
Tanges shown in Fig 2

Tate of loss was taken as the physiologeal mun

tr.x;!nt value indicated n Flgp é In consxde::‘glmb?d%“‘;:t

Ehc::Z aéoires. CneTgy expenditures were assuraed to be at

e gt :l c.::)o calonies per i 2 per day (Macy, 1942) and to

PRI ‘:xd) from body fat Body protein losses were

P MIRg & basal rate of Joss amounting to 25 ¢
Per dav, the minimum value attameq by mdividualy

P
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utilize but & small segment of their } tatic eapacities.
In early infancy, the margins of safety are relatively quite
narrow, afactlongrecognized by those interested in pacdiatries,

The elinical significance of thesc homeostatic parsmeters

PANGE GF P FIRNOGIC PXERLAL
HINEL OF NORMAL DIETARY I9°ASRE

)
wATER
Lwtire ol I
[

e esaeencsvn |

300um
mEqsm¥rpe woof i

o

s00]
POTASSIUN
LIV e
e
7
‘—W

ol
osPucAys 3
R g

j
b T R

O Lk
SinTH Wia ~ NONDHY ~ Teans -
Y10 2 Estimates of the safe working range« of intahe
for individuals of sariaus ages and of the portions of
these ranges used by persons taking ondinry diets
or age.

may be visuabized by considering the length of trme necded
for individuals of various ages ta lose a significant postion of
their body stores when totally deprived of water or certain
other substances (Fig. 3). In calculating these time values,
attention has been gaven to the changes in body composition
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% ger cent (Wynn, 1956), potassum, -5 per cent
?")\:::c'hi r? a1, 195(8),‘!tctal body sodum (e\lpmtemaem{c
sabjects}, -+30 per cent (Leaf, personal communieation) In
the case of phosphorus the end posnt chosen was elevation
of extracellul ph us concentration 1032 mg

g

30% MCAEASE T8 BODY SOPIUM
Gi§ 25 mEQAMEIZA XX

)
% INGREASE IN BODY POTASSIUN
" GAIN 28 MEQ/M2 /24° om0
SERUM PHOSPHORUS CONG. ELEVATION
WOURS OF TG Ammat /L (24mg )
SR GA NI MsL /M 24s St
19 FRODUCE.

tox 6 EFFLCTS  20)

7% WEREASE i BODY WAYER
NS/ e

RO N LD
6 ATH WIS UONTN e YEARS Py

Fic 4 THouts of overioad (ordinate) needed to produce the

percentage nerense m body content mdicated fof esch sub-

stance 1n indivi tuals of wanious apes (abseissa) The tate of

fuin 13 that which obtamy when rate of mpuat exceeds the

phymological masimum tolersnce levels for ndults shown wm
Fig 2 by appooxumately ten per cent

per cent * Indwiduals who have surpluses of these degrees
are apt to show the sms of imtoacation histed in Table 1

As might be evpected, Fig 4 indicates that mfants are
eiabively much more valnerable to uverloading than older
chdren and adults Thus 25 true not only 1 the relatise
terms depieted here, but wdso m absolute terms hecause the
quantity needed to proguee mtoneation 1n a small indivydual

» T anmey 1 boddds Sopamty for eellular or skeletal storage of surpius

FIC phoxpharts & post on whuck we have o objertrre Information.
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recerving at least 75 grams of carbohydrate per m.? per dy
{Gamble, 1916-7), Tt was arbitranly decided that a 15 por
cent decrease 1n body water, sodium, potassinm or protein of
75 per cent depletion of body fat {calorie) stores constituted
a significant and potentially serious loss.

‘At mdiented by the upward trend from left to nght of the
curves of Fig. 8, mfants and children up to three years of age
when deprived of any one of the substances reprosented, art
apt to beeame depleted two to four tumes faster than adults.
For example, mnfants will develop as serious a degree of water
depletion within one and o half days as aduits do m the course
of about five days of total thusting. Likewise, mfants de-
prived of cleetrolytes or protein or calories may lose 8B
appreeiable portion of thair body stores of these tems after
mne to 17 days of deprivation.* By eontrast, 1t tahes 20 to
35 days for adults to become sumilarly depleted under conde
tions where homeostatie conservation forees are operatig
cffictently. These observations midieate that s minats who
must be mamtamed by parenteral flnd therapy for more thin
a fow day s, speaial attention should be g on to the provision
not only of water, carbohydrate and the mam eatrnoeliniar
and intracellular electroly tes, but also of mamtenance allot-
ments of ealories and aither preformed protem or amine aends.
The same would apply to older cluldren and ndults who 8r¢
depleted or have to be sustatned by parenteral fluxd thempy¥
for more timn a weeh or ten drss.

Fig. $ deals with the opposite phenomenon of overloading.
lere ngam 1t has been niecesoary to minhe arbiteary dectsions
cancerning the mze of the oy erlead and the degree of retention
to be considered sigmficant. 1t wos deerded to postulate rates
of mput that werc ten per cont m excess of adull piy siologaeal
mavminn toleranee of cahing values, The end pomnt values
for the retentions of toxie degree resuiting from these physto
Jomeally exeeswive rates are related to the respeetive aversie
n;rxxml’bmiy content values at ench age as follans total body

« The rute of Joas noubd be conaderbly greater ander comiitions uf 20
carbohydmie sstade (Gamble, 1040-7).
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dextrose, 40 m-equiv. of sodium, 35 m eguiv, of po!.assiufn,
46 m-equiv. of chloride, 20 m-equiv. of lactate and 15 m-equiv.
of phosphate (Talbot, Crawford and Rutler, 19533 Talbot et
al,1855). The first set of subjects received their allotment by
mouth in an essentially continuous (hourly dose) manner, the

#20 15§ —REGIMEN —J
L/mtszas 10 4
; PR b 3

mEQ/mEs 240 200 ~
o ! Z iz H I

<
P
mEqsm? r240 200 7

i
[ 3,38 }
o 1 26
Fia 6 Relations betw
sublects oo vanen i 12103,0f OUtput observed for
. .
Vo .

# ™ it Ney, Harley and Talnot, 1938)

sccond set at twice the rate for 12 hours each da any

:\hs“:\ ;‘cctn :tdq‘\::tdrup!c the rate for six hours out ofyeve:;v E."f

Ty e ¢d by the length of the vertical lines at the right of

fr:cho) :{os; on the.el-h_our regimen utihized byt a small

n n‘ oht 7 phy siological ranges of excretory capacity in
‘ccomplishing metabole homeostass, By contrast, thusz on
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1s not yery great The curves mdicate that one s apt to
become water and phosphorus intovieated before one beeomes
potassium or sodium intozieated It 1s mteresting that these
relations are m heepmg with climcal obsers ations on patients
with marhed limitation of renal function (Talbot et al , 1056)

One of the areas where the foregoing considerations appesr
to have practical implications 1s with respect to parenteral
flid mamtenance therapy Review of hospital practices

INTAKE AND OUTPUT
s

SUBJECT Kw UBECT ¥ SC BT T
6000
o  ac0d . { 1 I3
r
1

200,

Mo } {‘
mtqmin2a® 190 s l I D ' i
Q
200 0 1
R o W W M_Zh.
°©

200

i
i
% bt e

T ME IN HOURS
Fic 5 Intahe anloutput of water an | electroly tes by normal a 111t sul ects
recenving o stanlord mnintenance allotment of moltiple electrolyte lus
dextrose solutlon in =4 12 or 6 hours each day (I rom Neyzl Iailey anl
Talbot 19.%)

reveals that some physiclans gise the total daly fud,
carbohy drate and clectrolyte allotment mn a slow continuous
manner while others admunster the total daily dose i a few
hours, allowing the patient to fast and thirst for the remminder
of the 24 hour peried  The data shown mn the nght hand see
tions of Ty 5 (Neyzt, Batley and Talbot, 1058) mdieate the
ranges of output ratc observed on two sets of three normal
adults mantamed for three days on an erdiary dose (1,200
ml per m ? per day ) of  solution contmmng per htse, 50 g of
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may encounter in young mfants and n patients undergomg
the stress of anaesthesia and surgery As the columns show,
the percentage gains to be expected for mfants are approxi-
mately twice as great ss those to be expected for adulls
While the gaws wdieated for sdults are burderln:e s regards

r wmad na

N 1
approxnate terms the lints of capacity of the body to adjust
agtput of water and certan other substances m accordance
with homeostatic needs, and to illustrate the chmcal impliea-
tions of such hnowledge

These thoughts are presented 1 the hope that they may

ey Ave sugy g these Tughly sigm-
ficant, yet xather efusive phenomena
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the 12 hour and especially those on the siv-hour regimens
used almost fully therr normal adult ranges of renal exeretors
adjustment in the course of each 24 hour period  When the
homeostatie adjustments in water and clectrolyte exerction
exlubited by these adult subjects are viewed wath relation to
the infant ranges of homeostatic adjustment indicated by the
shaded zones of the left-hand sections of Tng 5,1t can beseen

% INCREASE
(L}

80DY CONTENT 5 wk Infant
i [Polanllal
H
H
]

1 Adult

-~+{potential
]

. Adult
o Observed

F16 7 Percentage increases in body water sodwm and potssuum mmrni
B BN

-J._} §

that they arc considerably greater than those of which such
young mndisiduals are eapable

Fig. 7 depicts the pereentage increases m body water,
sodium and potassium content which would occur duning the
course of the infusion period 1f o dny's total mamntenance
allotment of 1,500 m! pcr m 2 per 24 hours * were adminis
tered 1n six hours to a patient who was unable to morense
rates of unnary output above the physiologically low les cls
charactersstic of fasting and thisting, a atuation which one

© Tlus Is an ordinary allotment for Infants and chil Iren on our Serviees
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parenterally. It 1s sad that one of the safeguards mn oral ingestion of

Water 15 the fart that elimnation goes on about as fast as absorption
Talbat As far as water, sodium and potassium are concerued, 3t 1s 51¢

one w:ay‘a_nd‘ ha.lt a &‘imen the nther‘whtlher they arc taken by vemmor by
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DISCUSSION

Blach There seems to be some conflict between Dr Talbot, wlo savs
that Jarge intakes should produce retention and Prof Wallace who tells
us that Jarge intakes produce large anthmetical errors  In this matter 1
am on Dr I'albot's side, and that 1s not entirely the emotional reaction
of someone who has donc a certmin amount of balance experments 1
tlunk we have some supporting evidence in that if balance expeniments
arc done on an adult person who has just had an operation and fsona
mmlk intake (in wlhich the crrors of mensurement should be nwch the
same as those of excreta), there is quite n definite correlation between
intake and retention (Davies, JI L 1, Jepson, R P and Tihek
D A K (1050) Cun Sa, 15, 61)

Bull What was the nature of the load imposed in the expenments on
the tolerance of loading?

Talbot The tate of intake of the substances in question s increased in
a stepwise manner which allows time for compensatory homeostatic ad
Justment in rate of output to tahe place At cach step measurements are
made to find out whether the body content andfor concentrmtion of the
substance 1s being hept within physiologieal imts by appropnate adjust
ments of the rate of output As mate of input is incrensed it esentunlly
renches o point where the body s unable ta heep its content and concen
tration values wathin normal limits by suitable adjustment of ratc of out
put This point 1s considered to be the upper himit of physiological
tolerance or phy siological eeiling for the substance in question Rateso
mput in excess of this ceiling level produce a tendency to abnorm!
retention  Ior example in the ease of potnssim when the rate of input
exceeds the phy siological celing vahze body potassium content Increases
abos e normals Ievels and hy perhnlacmia develops togcther with signs of
potassium intoxication

McCance Iwould ike a firm definition of what you mean by tolernnee
and eapacity to chiminate  De Wardener did some experiments in which
he took large amounts of water every day for 7 or 14 days and although
he did not succumb and appeared to tolernte them perfeetly well there
were flnite changes in hts responses Aﬂnlli\((l(;lﬂ ru_‘ (d‘c’\’.\‘nnkn"

10 of their urine above a few ml per meosm. and Whove pe
solute rt D A L i Y vala e v
. ng

s me
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mentaero potassiam 1ntake On the other hand, 1t was thought that 2
. 2 #hecn relations at this

50d refine them more by detaed denniuons ol wave - t
important mterrelations

You are correct . your deduchons concerning our aims m definng
phystological key vanables The present defimtions ate of necessity ap
pr and My subjeet to an £ At
the same time they are proving to be of value as indices of patient status
and as a pomt of departure for 1y estigation
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observed that rats offered pradually increasmg quantities of potacsiumin
their diet nte and nbsorbed the relatnely sery large quantities necded to
produce u lethat degree of potassium mtovication  They did not develop
disrrhoca, nor did they vomit, they just beeame werh and died 1ihe-
wise, we have seen o patient with marhed limitation in telerance for
potassium due to advnnced pan nephntis become fatally ntoviented
sith potassium as o result of drinkang frutt yutces

<Adolph The study of tolerances 15 a very important nspect of the
general physiology of regulatory processes Dr iafbot, you estimated
tolernnces m terms of single constituents, but in some of the situations
you described such as the intrayvenous adnnnistrations you weed €on
cerned with seseral constituents at o time  Now when there is depletion
or exeess of more than one constitient ot n time the proture is sery delfer-
ent with respect to tolernnce  for instanee there is a grent difference
between toling pure salt and taking an ssotonic solution of sait 1 recog
mize that this work 1 exploratory and that vou are makig your esit
mates in the plest way § ble when you der one coniy tat
o tinie but esentunlly I hope we shall hny o some estimates of tolerance
to multiple components

This consulerntion of components scems 1o me to extend aho to sout
studies of composition Prof Wallace  If you went o your siagistionns
still more often would you not get nto the study of multsple correlations
which would get us further than compansons made two ot a time?

allace Ve e made o number of statisnicsl multple correl stions
Tt is often dulficult to knaw Just what they mean once certam corr lations
become evident  Our biggost problem has been 10 hade any Assurance 8y
to the proper parameter to which ta refer growth  Showukd the refoenee
basis be body weight fat feee weight protrn nsh or water?

Adolpk Wit T want to bring out s that an organm probably has
soree Wiy of measuring the badily composition whieh ss very much siore
complicated than sasthg for mstanece that magnesius 1 the fixed con
stiturnt around winch aff others resolie  { thnk (ot without o st i ef
multiple correlations we will 6 ver be ol fe to find whe the s these 140 hey
fheity by w lueh bomrostass 3¢ gpurded to g definte solume and concentra
unn to which the orgamam alunvs returns 1y not know whethe?
any of our methods of reprose Ating homeostasi walt Ee sowmstir to (ot
of the pronnis: that we ean prodict what ot dory tn oot back toate fixity

I should also Bihe to revanrh on Br Talbot s chosce «f a kev aonitie
No doubt he ks Lrent reservatmons sbout the use Ftinstenn What hieds
trying to da T gather 19 o ol guese the arg it ax § 2 whal i 1o N
as o meawnng stich by schickat will retum to sty orgnel compowts oot
by which it will estunate what hats tes be bmne e opder to defond ekl
apunst distuthances When we tunk tog an organis i feste ang ite
potassiym concentratson have we any assaranee that that one resfom
tion fs u prime objectine in the adpestoents winch angnn,. on®

Tatbot \be agree nsth sou that wost 3f not off of the sara fev undes
consideration are felated ta ench ¢ ther  For matancee it o bows that
Bexty toleraner for potavum i mpaired gnder conrity ne of rera sulivm
intake und that tolerance 31 sodiam i aboorssiy funuted un fer condt
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(4) Partly due to the interrelationships (2} and (8) kidney
functton 1s readily smpaired by stress
“Thus the high meidence of body flud disturbances 1s

partly due to the occurrence of disease and partly to relatively
m L

defence mect The latter s well

mosmfl
500

450}
400+
350}
300
250}
200,

15O

[+]u] of
50

Fic 1 Lability of esmotic regulation in
0

y-0ld puppres.

Left column. salt and protein

free diet,

Central column  pormal

Right colun~ concentrated milk
Hlustrated by the obsery ation that diets such as mll, evapor
ated to one-quarter of yts ongmal s olume,
free food b,

orsalt and protein

g about, preat changes m the tomeity of the

body  fluds (Csapé ang Kerpel Fronus, 1933, Kerpel
Fronws, 1933)  Atter the first, the osmolanty of the blood
» 457 m-osm bemg
yperelectrolytaempa® » after the second,
mosm/l (Fig 1) There



CLINICAL CONSEQUENCES OY THE WATLR
AND LLEGIROLYTL METABOLISM
PLGULIAR TO INFANCY

E Keneer-Tnonjus*
Department of I , U y of Pées, Hungary

DisturpaNers m the volume and composttion of the body
flwds oceur more frequently m nfancy than at other ages
Among the reasons for this are

{1) The ugh weadence of dinrrhaca, malnutrition, ond
certain congemtal defects

Diarrhoca 1s still one of the pacdiatrician’s major concerns,
ane of 1ts matn cuses being colon baetth, pathogenic only for
this age group

Owing to ther lugh ealotie and proten requirements
mfants easily succumb to malnutrition, which progresses
rapidly The resulting expansion of the volume of their extra
cellular body flwds, semetimes sccompanied by asympto
matic hyponatraemia, 1s o common disturbance of homeostas:s
n some countries

Congemtal defects of the oesophagus, the pylorus, the
rennl tubules, the adrenals, and the central nervous system
may also cause serious disturbances i the body flmds, ther
discussion 18 beyond the seope of tlus paper

(2) Circulation, metabohsm and renal exerchon are all
mamtamed at hugh levels relative to the volume of the body
fluds
(8) When growth s arrested by disturbances which
dimnish the utilzation of food, a fraction of the mtahe
normally retained 1s rejected, thus ramsing the solute load on
the kidneys

 In te nbsence of Prof Kerpel Tronius his paper wae read for him by

Wimfred Young
Dr W 158
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(4) Partly due to the \nterrelationstups (2) and (8} Lidney
function 1s readily impatred by stress

Thus the lugh merdence of body flud disturbances s

partly due to the occurrence of disease and partly torelatively
Inefheient homeostatic defence mechamsms  The latteris well

mpsm/)
500

450
400
350
300
250
200

Fic 1 Lability of osmotic regulation in
10-32y-0ld puppres

L2f columa. salt and proten
free daet

Central column normal

Tught eclunin concentrated milk

Wustrated by the obsersation that diets such as milh evapor-
ated to one quarter of sts orignal volume, or salt- and pratem-
free food, bring sbout great changes n the tomeity of the
body fluids (Csipé and Kerpel Fronms, 1933, Kerpel
Fromws, 1933} After the first, the osmolanty of the blood
Plasma in puppies rose to 526 m osm f, 457 m-osm bewmg
accounted for by ‘‘hyperelcetrolytaema™, after the second,

eereased to 232 mosm I (Fig 1) There
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was a water loss of over 20 per cent of body weight n the
first case, while in the second an inerease 1n the water content
of all organs was observed Such gross disturbances of
homeostasis may partly be due to the fact that although the
extracellular body fluids occupy a relatively high percentage

%
o0 O wmakoumsnsn
180 W MALORISHEDs DERYDRATED

460

4%

WOGT RLIUD  2C Pty PLABS MAtMl. GRCUL PAM
YOFWUGK  ABS TORT  TME  CLEARANCE

116 2 1 xtracellular fluids cireulrtion and PATI clearance
1 the dehydration of a malnourished infant
Values are represented as pereentages of those found n

White col imn before diarrhoea
Black column after d archoes
L C — extracellular i1 ~—1Jasma

of the body weight, the water reserves n infants are low in
relation to the functions they may be called upon to perform

In order to reconcile this apparent contradiction, it s
helpful to consider the relationship of body fluid reserves to
erculation and kidney function m malnqurished infants
Malnutmition does not aflect all systems of the body equally,
fat and muscle sustaning greater losses than the extracellular
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fud compartment  Hence the size of the latter appears to
merease with the progress of malnutntion (Kerpel ‘Frun'ms
and Kovach, 198, McCance, 1951, Keys ¢t ab, 1930y
Taendyvamueally, hoveser, 1t 15 not the amount rel‘-:tl‘\e
fo body weight but the absolut nt of extr: r
fimd which 15 of importance Fag 2 1lustrates stoking
example of & cose studted 1 comprmson with well nounshed
fants of the same length, first 1n a state of malnutntion and
Jater after dehydration due to diarrhoea had supervened
In the malnounshed wfant the volume of the extraceliular
flud shaved a percentage increase before and even after
disrrhoea  Howexer, the * absolute atounts”, 1e the flud
solimes ovievlsted s pereentages of those wn normally
nounshed snfants of the same length, were decreased Since
the haematoent readmgs were high the arculation time
profonged, and the renal clearances low, gh water reserves
caleulated as a percentage of the body weight were clearly
i to Jation and Ladney function  The
absolute olume of the nater reseryes and not just the amounts
praportional to the bady weight must be mantamed in order
ta conserse a normal circulation and good renal function
Let us now consider the normal mfant When compared
itk the adudt, lus extracellular water pescrves— although hugh

i terms of percentage of body weight—are strkingly low in
relation to other physiclogical
2l

needs, samely oxygen con
P petsp and cardiac output (Fig 3)

Thus when compared on the basis of dody surface, the infant
appears Yo have the same oxygen consumption and cardiac
output as the gdult, but his systohe output {stroke volume)
and plisma <olumes are only half those of the adult,
;v;:\er‘\n schiere the requisite cardiac output with o relatively
“‘ phsta volume, the putse rate 13 double that of the adult

15 nulin and p hippurie acid (PAR) cls salues
nr: o 10 companson with those of the adult and also
;lt“:&mn 10 s ann cardine output and metabohism AR his
- SOWPSIIMLnLs are strihungly Tow in Progortion to meta,

s, insensible perspirtion and eardias output
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Alternatively, on the basis of body weght, the infant's
metabolism, dermal loss of water and eardiac output appear
1o be very high tn relation to lus total body water and plasma
volume, which occupy approximately the same sprce asin the

100% ;iuh‘
80 un
60 of weght
40
20
°
Surface/kg

100% aduft
80 peruntof
80 bady surface
40
20
[

0, €O P SV In PAW Pl H,0  Perspir
tot ec.

Fic 3 Ifaemodynamues flud spaces and renal function of the infant o
percentages of values for the adult

74« nencant menn taltes for five infants aged 4 months with bod

asof 0 g m? Th

unzt of body welght

-t ehaw

i

CO — cardiac output P -— pulse rate, SV — systolic volume,
In —mulin P! — plagsma ec — extracellular

adult This relationship holds true also for the extracellular
flnd + olume, although this 1s higher than 1n the adult Rena
clearances are proportional to flud volumes and therefore
low 1n relation to circulatory and metabolic rates
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dults and infants
the marhed differences between a;
mIs):xsxFe“:f thee physiological constants whlxch ldmvet ebdeetx; l’::;lh
ly nicely adjus

tioned these functions are certamly

defence mechanisms are
other even 1n the infant, and Ins .

1 demands upon them

11} able of meeting the norma

?\“h}cnc‘;st under stress howeser, the fragihty of the whole

system which body flud ¥ 1s exposed
Water loss -slfi7ame
Total bod Loss in %,
Litres water | i of :3;:1 body
sl j
35
opr
%
2 25
20 20
15 Fis
0 Lo
5 Fs
Infant  Adult

Infant Adalt
Fio 4 Sign fleance of  equal® Togses when expressed
Perun t of body surface

Under pathologieal condity
peculiar nterrelationship of ¢
{a) Vwater or salt Joads cale

ons the consequences of the
hese functions are as follows
ulated According to surface area
will 1 relation to tota} body water content, be double the
values of the adult The same holds true for loss of water,
equal losses per umt of surface area being twice as highn the
nfant 1n proportion to the body water (Fig 4)
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Alternatively, on the basis of body weight, the mfant's
metabolism, dermal loss of water and eardiac output appear
to be very high in relation to lus total body water and plasma
volume, wIuch occupy approvimately the same space as 1n the

adult

1007
80 Parunt
&0 of we ght
40
20,
o
Surfacefkg
1007 adult
80 peruntof
114 Bady surface
40 -
20
o

0, CO P Sv In PAH PL H,0  Perspir
tot ec.

Ti@ 3 Yaemodynamics fluid spaces and renal function of the infant as
pereentages of values for the adult

- . =~ m¢ maan val ea for flve Infants aged 4 months, with body
m?* The

1y weight,
nt, shows
ercentage

dillerencey vetneti fu w5
€O ~— cardiae output P — pulse rate, SV — systolic volume,
In ~—1nulin, Pl — plasma, ¢ ¢ — extracellular

adult This relationshup holds true also for the extracellular
flud volume, although this 1s ngher than n the adult Renal
clearances are proportional to flud volumes and therefore
ow 1n relation to circulatory and metabolie rates
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may be threatened either by Ingh unne yolumes or, 1n the
case of Tenal madequacy, by uraemia

In suromary, the mechansms defending body flud equili-
brum 1n the mnfant are more easily brohen down owing to the
water Teserves bemg low 1n relation to the high metabohe
tate and “stramed” circulation  In cireumstances of shortage
this small water pool 18 quickly exhausted, and 1t 15 also
easily flooded by loads which, in terms of body surface, are
equsl ¢ those for pdults By decressing the stmall plasma pool
rapidly, water losses lead to slowing down of arculation
Owing to the rapidly decreasmg renal clearances, as well as
the high metsbohe rate producing solutes at great speed, the
relatrvely small water pool cannot then keep up its constaney.
Deteroration 15 accelerated by arrested growth.

In conclusion & partieular type of debydration m which the
wfant seems 1o be in a somewhat less dificult posihion than
the adult may be mentioned In nfantile pylone stenosis, a
condition 1 which starvation and dehydration develop
together, a sharp decrease of about 50 per cent m oxy-
gen consumption has been cbserved by Varga (1957). We
have found that this diminution m o<ygen requirements
protects apainst stagnating anoxia brought about by the
slowing dmf'n of arewlation due to debydration {Kerpel
Foem et ® o ) . st probably

‘. - thus delay

" aeean, Wiie e metabobe rate de
creases 145511 Ahe semt starved adult (Keys ef ol , 1950}, the
infant may possibly be more resistant to dehydration when
he s alread;

y sulfering from starvation than an adult under
simular eircumstances

REFERENCES
Amencan Acndems of Pt aem ¢ 2 wn =, .
Nutntic L. 1 . : .
h Ja B .
heeres o 1
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(b) Water deprivation quickly exhausts the water reserves
which are low 1n relation to metabohsm and, consequently, to
obligatery urine volume and dermal loss of water

(c) Because of the hugh cardiac output required for meta
boltc processes, and the low reserves of water to guarantec its
maintenanee, eirculation 1s endangered by even smaller water
defieits, the more so since water losses occur rapidly It will
be remembered that the small plasma volume of the mfant
relative to the cardiac output 1s compensated for by a high
pulse rate to ensure adequate circulation

(d) The vulnerability of the airculation facilitates a rapid
decrease 1n renal clearances, which even i the healthy infant
arc low n relation to lus lngh metabolic rate  Obviously, the
mfant’s rather poor renal blood flow 1s adjusted ta, and only
mamtamed by o relatively Ingh cardiac output The renal
fraction has been caleulated to be 10 per cent of the total
output of the heart m infants whereas 1t 15 20 per cent
adults

As pomted out by MeCance and Widdowson (1957) stagna
tion of grow th plays a réle in the casily disturbed equilibrium
In a growing ammal o certain amount of the food goes to the
burldig of 1ts tissues  If growth 1s arrested, an additional
solute Jond formed by this fraction of the ntake presents
wtself for exeretion by the hidneys Tlus will result esther ma
higher urine volume, or, if the hidneys arc mcompetent,
hyperelectrolytacmin and azotaerma McCance and Widdow
son (1957) bave shown that these effects are strhang in fast
growing animals and may under certamn cireumstances be of
importance to the human infant  On the basis of some of the
data compiled by the Amenican Aeademy of Pediatrics (1957)
an estimate has been made of the eflect of arrested grosth on
solute load and renal water expenditure  Solute Jond may be
expected to rise 18 per cent n the mfant who 1s fed on cow s
yailk, and 57 per cent m the breastfed cluld causing a con
siderable mncrease in urme volume Vihen at the same tune
extrarenal water expenditure 1s increased by Iigh emviron
mental temperature, or dtarrhoeat losses, the water balance
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s \\ [Ty u \ery lwvh pilse rate and low cardiac output there
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DISCUSSION

Davson Ilas the subject of size per se been considered s oppose
mmmatunity? The pulse rate of the baby was mentioned as being fa
than that of the adult and the reasons for it were based on the
maturity of the organism, whereas one finds that small adult apy.
have very fast pulse rates  The rabbit pulse, for instance, 1s well into
hundreds and the mouse pulse 18 ¢ven faster

Young Ido not think it has been suggested that the pulse rateist
Dbecause of immaturity 1t 1s ligh beeause of the lugh metabolie rat
relation to the other constants, and in order to heep up the cardiac outj

Adolph The effect of body size on functions such as pulse rate !
respiration rate varies constderably 1n any one species  Among var

that none of the body size rules apply uncomplicatedly during mniak
‘There are other f1ctors, and perhaps the factor of metabohe peeuliary
18 onc of them
McCance Would any onc'\uth paedintnie expertence like to comm
o . St e

. - \ £ the me
to occul
i+ Varga!

. B v “ut 3 taedslartlame

. . ' ned
. . . ~ra

;‘a;clor} fevdl
Young When this infant became dehydrated he still had a relatist
tugh volume of extracellular flud as a of body weight, b




THE EFFECT OF HORMONES OF THE
PITUITARY AND ADRENAL GLANDS ON THE
ELIMINATION OF SODIUM, POTASSIUM AND
A WATER LOAD IN INFANT RATS DURING

THE WEANING PERIOD

Jib{ hiedex, HEtenA Drounk, Jiif JELINEK,
Jamyra Kietgova and ZDENER VACER
Department of Onlogenetic Physiology Inshitule of Phynology Czechoslovak
Jl’:l::r:l!y of Sium«x Pryugue ggmi Institute of Embryology of the
Medical Faculty of Charles Umvernty Prague

HoMEosTATIC mechamsms m infant ammals differ from
those1n aduits of the same spectes Mechanisms regulating the
metabohsm of water and electrolytes change immediately
after birth, dunng the period the eyes open, at the time of
weaning 1n connexion with sexual maturation and perhaps
also at other stages of postnatal development In the present
paper we should like to draw attention to the time of weamng
which seems to us to be one of the important stages 1n the
development of the regulation of water and electralyte
metabolism

The prewcaning perod in rats 15 relatively long  Up to the
14th day of life infant rats cannot survise without the mother
1t They are usually weaned at the end of the third weel but
according 10 breeders natural weaming occurs only at the end
of the fourth weeh Thns agrees with the development of
thermoregulation, for infant rats can survive 3 ery low
environmental temperatures without the mother only at the
end of the fourth week (Capek et al, 1926)

Lp to the 14th or 18th day infant rats Live on breast mah.
anly  Tlus s the only source of water and electrolytes, if we
dicregand the unne of Itter mates that 1s sometimes suched

by the infant srumals From that time onward infant rats 1
addition to breast mill. also ety ely feed on solid food and
13
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nenrer 1ts adult composition in foetal life than the skeletal muscle 1
think a great deal of this change 15 1n the sheletal muscle and not 1
connective tissue,

Tourman + Then 1s there a difference m the mode of growth of sheletal
musc]:: on the onc hand, and hs er and heart on the other? Does skel:txl
- e o T R I Pt e SN

Tourman. If the extracellular fluid 15 considered as a film o1 er the eells,
N o - - ¢ Clularflnd

test that,

beenuse cell size data based on nucleic acid determinations are avmilable
for many dilferent ages in & number of species, and equally, extracellular
fluid determinations are available in the same tissues. .

LAETRR L) B
I . .o . CEEEE R

ment

Tourman Dr Shock, is the water content 1 the muscle larger in old
people than in the young ones, since muscles do atrophy in old age? We
have had that answered indirectly in Dr Olesen’s paper, but are there
any direct analyses?

Shock T cannot answer for the human, bug we have some data on the
clectrolyte and water composition of rat muscle tissue _We found that
PO ' v . E

2 Anne ot phange
) . . . -
. . .

The § phosphorus, and mitrogen contents all went
down, but the chlonide and sodium contents went up. The mtlo of
I to gen and of p h 10 nitrogen ined tant
Our interpretation of this was in the light of our beliefs about the reduc-
t1on 1n active protoplasm 1n old age It 1s »s if a certain mass ol'pro(g-
plasm had disar d and been replaced 1lul:
with the appropriate amount of sod;
total water composition,

Fourman As I said, it is not a replacement, but—to borrow Dr.
Davson's cxpression—a geometncal necessity to keep a film of water

around the cclls.
y was due

Kennedy+ But you would need to know ‘whc[h'cr !Pe ntmpl’l 2 duc

by exts }
tum and chloride to make up the
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[ the kidneys to ehmunate an admmistered water load
hanges and 1ts ability to concentrate mcreases Aceording
o Falk (1933), however, infant rats older than three days
Yready renct to vasopressm by cessation of diuresis and an
nereased exeretion of chlonide  As hoth authors use different
nethods 3t seemed useful to study tlus problem first, using
several methods, and also to study the effect of vasopressin
on the ehimination of sodium and potassium  Opsmions on the
natnuretic effect of vasopressn also differ and we believe
that this 15 due to duffe hodolomeal approach

Schaumann (1949) and Heller and Stephenson (1950) obsery ed
that vasopressin decreases the extrehon of sohum m adult
rats, while Sawyer (1052) observed an increased elimination
of this electrolyte  The former authors admimistered the
hormone ot the same time as the water load Sawyer first
stightly prehydrated his ammals and then gate them the
bormone and the water load  According to Heller (1952) the
ability of the rat hidney to eliminate a water lond changes at

the time of weaming  Whe therefore alnays used tats with a
water fond

Infant rats were weaned on the 15th 16th day after burth
and the whole hitter left inone cage They received o standard
synthebse diet without sodium chloride  They were allowed
1o choose between water and a 3 per cent sodum chlonde
salutton  As we expeeted changes in the mechamsms studied
to oceur at the end of the fourth week, mfant ammals aged
23 snd 83 days were used  Loads of warm distilled water
were ad via a h tube 1 of 45
ml 100 ¢ body weight Subeutaneously the animals recerved
saline (0 5 ml /100 ¢ body weight} m which the substances
studied were dissolved The ehmination of & water load was

studied for three hours after its administration or, m the
case of snsopressin,

for three hours from the first mictuntion

Unne was callected at hourly ntervals The amount of unne
together with the concentration of sodium and pnta.ssmm,
was determined by use of o flame photometer, ’
Adult rats rapidly exerete wpne witk & low content of
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drink water Gradually the mech for comy tion of
thirst and hunger separate At the end of the fourth wech
snfant ammals cease to feed on breast milk and take i {ood
that 1s normal for adult ansmals

We studied the actrve mtake of water, electroly te solutions
and midh m mfant rats using the method of free chotee as
Lnown espeeially from the work of Richter (1836), Young
(1919), and Young and Chaphn (1919) We observed that m
nfan€ rats weaned at the beginning of the tlird weeh of
postnatal Iife there 1s o sigmfieant ehange m the regulibion
of water, clectrolyte and mulk mtake at the end of the fourth
weeh  The regulation of sodium mtake i relation to water
sntake, espeenlly, chianges According to Richter (1936)
appetite for ndividual components of the diet 15 an unportant
homeostatic mechanism and 1s determined bv the needs of the
organtsm

In order to be able to offer a physiological explnation for
changes i the regulation of sodmm mtahe it 1s neeessary to
throw light on the relation between mechamsms of self
sclection and other components of water nnd cleetrolyte
metabolism that ein be studied better and more objectively

The adrenals and the posterior lobe of the pitmtnry are of
special significance for the regulntion of water and electrolyte
metabolism  Tor thus reasot we have studted the effeets of
hormones from these two glands  Up to the present nothing
ss hnown of & change i function of the adrenals or in the
effect of therr hormones at the end of the fourth week of hfe
m the rat  Indirectly one might expect such a change from
the fact that the regulation of sodium mtahe depends on the
fanction of the adrenals (Richter, 1086) There 15 also no &if
ference n the size of the glands in males or m females dunng
the fourth wech

More 1s hnown about changes in the réle plyed by the
posterior lobe of the pitwtary durmg this period Ticller
(1952) showed that up to the cad of the fourth week of hfe the
rat Lidney does not react to vasopressin dunng 8 water Joad
i the same way as that of the adult In additron the ability
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Older ammals, however, excrete nearly half the wafer ad
mimstered and thus excrete body water via the ladneys
Diffesences 1n sodium exeretion are also apparent Thurty
three day-old smmals excrete three times as much body
sodium as younger rats The difference between both age
groups studied disapp pletely, or t much
smaller, 1f 2 5 ml water/100 g body weight )s put mto ther
stomachs two and a half hours before the actual water load
Tn that case more unne 15 excreted by the younger animals
and losses are reduced 1 the older age group Sodium losses
ate also decreased 1n the older age group to the same level as
m 23 day-old snumals  No sig hanges 10 P
excretion were ObSQY\ ed
Differcnces between the two age groups are thus not con
stant For this reason we assume that the difference 1s not

due only to changes i rensl function but that regulatory
merkan em wn ¥ :

on -

the water load was studied according to the method of Falk
(@933} In addition the effect on total water Joss three hours
after the first muctuntion was studied This procedure was
wmifar to that of Heller (1932) who determmed total rena)
exeretion of a water load 145 minutes after admimstration of
the hormone and the water load

After 10 or 25 mu vasopressmf/100 g body weight, na
sigmificant differences between the two age groups could be
obsened dunag water dresis This 35 10 agreement with
Falk (1955) Yet 23-day-old ammals react differently to
Sasopresan than 83-day-old rats  This difference can be
seen in Table [ After a single water load vasopressin (the
table shows the results with 25 mu 100 g body weight)
increases renal water losses an the younger anmals, whdue mn
the older group total renal water losses are reduced The
sodium Joss 1n older amimals treated with

g:'m!cr after pre
¢

asopressin becotm
bydration enly 4 e the
of pot 15 i

In yjounger nmmals the
1y greater tham in the
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sodtum and potassium after admimstration of & water load
Muales excrete a water load less well than females

In our expeniments the excretion of a water load was the
same m infant rats as in the experiments of Heller (1952)

Without prehydration With prehydration
71/100
20 &
Renal
water 10
00 B
[1Eq/100 g
450
Renal
sodium 300
L o L
(REQ/100 g
Fs0 8 3 e
TRenal 300 L n” days
Eetaul\m
033 l2as0 -

Tm? Mavan tlana ol fuae 1~ 4 B .

There are no sex differences There are, however, consider
able differences between infant ammals aged 23 and 83 days
These can be seen an Fig 1. Twenty-three day old ammals
do not chminate the total water load within three hours
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Oder ammals however, exerete nearly holl the water ad
umstered nnd thus excrete body water via the Lidneys
Differences in sodium excretion arc also spparent Thirty
three day old ammals excrete three tumes as much body
sodium as younger xats The dillference between both age
groups studied disapp pletely, or t much
smaller, 1if 2 5 ml water[100 g body weight 1s put nto their
stotnachs two and 2 half hours before the actual water load
In that case more unne 15 excreted by the younger animals
and losses are reduced 1n the older age group Sodium losses
are also decreased n the older age group to the same level as
m 23.day-old ammals  No sigmfi hanges 1 1
excretion were obserted

Differences between the two age groups are thus net con
stant For this reason we assume that the difference 1s not
due only to changes in renal function but that regulatery
mechnmsms are also cnncerned

The effect of vasopressin was studied m ammals receiving
one water load and n prehydrated rats The 10n of
the water load was studied according to the method of Falk
(1925} In addition the effect on total water loss three hours
after the first mictuntion was studied This pracedure was
simifar to that of Heller (1952) who deterruned total renal

excretion of a water load 145 minutes after admimstration of
the hormone and the water load

After 10 or 25 mu vasopressin/100 g body weight, no
sigmificant differences between the two age groups could he
observed dunng water dmrests This 1s m agreement with
Falk (1955) Yet 23-day-old ammals react differently vo
‘asopressin than 83 day old rats This diference can be
seen in Table 1 After a single water Joad vasopressim {the
table shows the results with 25 m u {100 g body weight)
increases yenal water losses m the younger amimals, while 1n
the older group total renal water losses are reduced The
sodsum 1ovs 10 older arumals treated with vasopressin becomes
E{fx:“ aftes prehydration only In younger ammals the

matwn of potassium is sigruficantly greater than in the
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33 day 0)d rats Thus vasopresin has a Qufferent effect 1
23 day o1d than 1n 33 day old ansmals Fridently there s a

33 days

Repal
water
pL
Renal
Botiun
Zass
€

0
Benat [P0
potassiun
loss * 150

o TS CUAKS

T eontrers

: SN cortracne 0.5
o EZAcortinene 0,125 YR cortinone o 25
1 2 The ellect of vort, doses
Fa 2 ssone admumstered for ma da;
o e i vt dunos {1 ot thees bt
sdminst (3 5 w100 g bay wt ) to young rats aged

cha
tha‘t\g;e !\:\M;he T:hz‘actmzy of the hudaeys to tlus hormone at
s Taght be due to functional differences 1n
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hidney parenchyma or to the fact that from the end of the
fourth week a regulatory factor 1s present which can be
influenced by loading the organmism with water It therefore
seemed all the more nteresting to us to find out whether the
function of the adrenals changes at the time of weanmng
After adrenalectomy the ability to ehmumate & water load 15
strongly reduced 1n mfant rats It 1s difficult thercfore to use
this method for solving the problem A less direct way was
chosen — 2 study of the effect of substances that act m a
similar way to the mam corticords Cortisone or cortexone
was admtnistered for six days in various doses to 18-23 and
28-88 day old ammals Then a water Joad was gven It
nppeared that the effect of these substances also depends on
the age of the rats
The effect of cortisone 1s shown n Fig 2 The elimination
of a water load, sodium and potassium was determmed 1n rats
that received 0 125, 0 25 or 0 5 mg cortisonef/100 g body
weight The hormone has opposite effects m the younger
and n the older age groups In 23 day old ammals it mereases
the excretion of water (as it does m the 8 day old rats of
Talk, 1955) snd sodium, wiile mn the 83 day old rats it
decreases both After o dose of 0 25 mg /100 g body weight,
renal water and sodium losses 1 the younger animals reach
oYY f e glder control ammals It

' of cortisone compensates for

' r ammals but present n the
older rats Thus, however, 1s not borne out by the way m
which a water load 1s ehminated by the younger rats after
cortisonc Tig 8 shons changes in the econcentration of
sodium n the urine during the course of water diuresis m
normal animals and after cortisone (0 25 mg /100 g ) In the
control 83 day old ammals the concentration rises as the n
tensity of water diuresis falls In the younger group there 1sno
such relationship and the concentration 1s not Jowest during
the hghest dwress If cortisone were only n substituting
substance the course of the curves of sodium concentration
ought to be the same 1 23 day old rats receiving cortisone
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and 83-day old controls As this 15 not the case and as
m the younger animals inereased natruresis 1 manly due
to increased concentration at the time of muxamum water

% B0 7 T E/L ¥a
—=— water qontrols
100 ~— water cortisene 100
~=+ so0diun controla
~—— sodiua cortiscne
23 aays
- 50 50 .|
100
33 days
50 |
2 hours
Fia 8 The effeet of
0 Of the excretion op g oy 0y 22,

¢ (100 g body wi./day) on the

2 water Ioad and th

xeRied e 1 afant rats aged 55 and By Beoh O

Lt

bo“::l:\.; tr;h';l}c‘ms are evidently more complex This 15 alsg

grom o4 az h‘e fact that the effect of cortisone m the younge:
1ably dependent on the dose used e
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This is even more evident in the case of cortevone, This
was administered by the same route as the former substance

23 days 33 days
m1/100 g ]
2+0
Renal
water 1-0
loss
0«0
—d
#52/200 g
450
o]
Renal 300
e
0
Repal
potassium

[T ocontrols M cortexone 0.1 BZ2 cortexons 1.0

B D e T T )

but in doses of 0+ 1 and 1 mg./100 g, body weight. Results are
shown in Fig. 4. Lower doses of cortexone hnd an effect
sinular to cortisone, quantitatively different mn younger and
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Cortisone
+ ACTH

ic 5 The effect of cortisore (02 n, (G g toly wtjdavjanl

ACTH (0 - iu/wumaldan) al anstere! £ v un Inve on the sire of
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ohder ammals  In younger ammals it weressed tenal losses,
whith thus neatly Teached the levels of the older controls
1n33 da) old ammals water osses decreased after cortexone
The hugher dase, however, had no effect on renl losses of
water 1n 23 day A4 amumals, whereas m 83 duy ofd Tats it
further decreased renal losses These doses, honeser, are
probably towe Sodwm losses were never significantly
altered by erther dose of eortexone in the younger group In
33 day ald ammals they changed m drect proportion ta the
dosc used T both age groups cortexone decreases renal
potasuinm Josses sigmficantly

Thus corticords have s dufferent effect on the ehmunation
of water and electrolytes after a water Joad in mfant rats that
have not yet reached the age at which they are normally
weaned, than they hate m older amimals  The opposite effeets
n 23 day old anwnals, depending on the dose used, (ndieate
that these hiormones cause changes that mutuatly mterfere
with each other

We attempted to deterrune whether wn addion to the
phormacodyname effect of these horrnones there is also en
effect on the regutation of adrenal activity

The werght of the adrenals of amitoals receiving cortisone ar
cortexone, as indicated above, dropped to about the same
extent 1w both 23 and 33 day old ammals  Symultaneous
admmstration of ACTH 1 amounts usually suficient to
ma:,nmm sdenal weights of hypophysectomrzed ammals
(02 yu per ammal) prevents adrenal atrophy in both
%‘““\’5 h““ ¥eaction 15 less obvions on histological studies
B“X:" z: d?zsg‘lcfgphotcgmphs of the adrenal cartices of 23

[

o Laune Avng} yreparation

were stamed with Sudan Riach so that both the wldX;h of t}'::

lay crst lc:m be seen  After ACTH

2es tn the width of the corty

the sudanophd layer After orte and
cortisone and

MCTH differences are evident Thas 15 e?en r:x::s:;;ag::
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layer increases 1n both age growps but m
:;:h;oil;dgt;m;lxp t%le size of the whole cortex 1s smaoller
1t1s difficult to mterpret these changes It 1s certaun, howes c;x‘.
that aceording to morphologreal cntena the adrenals of ¢! \e1
23-day old animal react differently from those of the amma
aged 83 days This would indicate that changes in the reac
tivity of infant rats to a water 1oad at the end of the natural
penod of weanng and to corticords are also conditioned by a
Qifferent reactivity of the adrenals and the adrenopitustary
system

This hypothests 1s further supported by results from ex
penments 1n which the effect of ACTH and a combination of
ACTH and cortisone (0 25 mg /100 g ) was studied on the
ehmination of water, sodm and potassium nfter a water
load Ttesults ave shownin Fig 7 Ashas already been shown,
cortisone prevents retention of n water load in 23 day old
amimals and considerably mncreases renal water losses ACTH
1s without effect  After smultaneous admimstration of ACTH
and cortisone, water losses decrease 1n comparison to losses
after cortisone only In 83 day old rats results are less
evident because of the large scatter ACTH 1tself causes an
merease sn sodium excretion n 23 day old ammals but
combination with corhisone 1t 33 without effect on sodwm
ehmnation and thus removes the latter’s natruretic effect
This effect 15 probably due to the lower renal water losses
In 83 day old anumals ACTH decreases sodium losses just as
do cortisone and cortisone combined with ACYH The same
holds good for ACTH when combined with cortexone ACTH
prevents otrophy of the adrenals after cortisone m infant
rats aged 23 days and also presents the effect of cortisone on
sodism and water ehmimation  Tlus 15 not the case n older
ammals This 15 m agreement with the hustological picture
and with the differences between 23 and 33 day old animals

We bave thus been able to show that there 15 a time
correlation. between changes in homeostatie mechanisyg
regulating the mtake of water and electralytes appeanng n
nfant rats at the time of natural weaning, and adrenal
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m Ig 6, which shows the results of micrometric measure
ments of the width of the cortex and the sudanoplul layer as
obtamned from serial sections of the adrenals Four adrenals
from each group were measured  One hundred sections from
cach gland were used and measurements were taken from

-

600
The nite of the cortex
of the ndrensl ssaticn
The lower pert of the | yo9
eolum sorreaponds to
the part of the cortex
etainedle with Sudan
Black or 011 Red 0
200

controls gortisone AcTd | AT

3 25 s

IR 55 aays ‘-
Tha pstt of cortex
lulnlbl- l“h Slldln
Black or o1l

4
tel thickness of '
socticn of !h. cortex
.o

controls cortisome ACTH wn

110 6 Seel'ig 5

severnl sites of those sections Differences are largest after
cortisone  In 23 day old ammals the sudanoplil layer
decrenses n size while the total width of the cortex remams
unchanged In 83 day old animals the width of the cortex
decreases and thus the relatne width of the sudanophuf
Jayer 1s mncreased  After ACTIH and cortisonc the proportion
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This 13 probably conditioned by the presence of a regulating
mechanism which after previous loading with water increases
the reabsorption of sodium At the end of the prewesnng
peniod there 15 a considerable change 1n the effect of cortisone
aud cartexone on elmunation of water and sodwm after a
water load Even 33 day old ammals, however, do not react
quantitatively 1 the same way as adult ammals Ths 1s
endently due to the fact that only after the 83rd day does the
male adrenal begin to differ from that of the female. 1t may
be assumed from the results presented here that the reactivity
of the adrenals changes at the time of weamng That change
ean be m relation to the change in homeostatic mechanisms

regulating the mtake of water and sodium twhich occurs at the
time of weaning
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pituitary mechamsms regulating the metabolism of water and
electrolytes At the end of the fourth week of life the cffect

33 days

il

Cr2N

T aemer N )
A . . B “he
. . oy

[ controrle EZ3cort1sone IXY acrn MM ACTR + ocortisons

of vasopressin on chnunation of a water Joad changes This
15 1n agreement with Heller (1052) In addition, at this time
vasopressin begins to have an effect on sodum ehimination
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own adrenals, as well as to avod stram bound differences m
sensitivity

To test the action of steraids on urnary and electrolyte
excretion, we have used the method desenibed 1n detadl by
Desaulles and Meter (1936), the only difference Lb‘emg t‘r:at,

instead af anllant no mna fanee o LAY

first to the thurd hour, from the second to the fourth hour,
ang from the seventh to the mnth hiour followiny treatment,
this procedure enabling us to follow closely the exeretion of

urme and of electrolytes Both male and female ammals
were used, the age groups being

{2} anumals about five weeks old and about 50 g 1n weight,
(b} ammals about 15 weeks old and sbout 150180 g
weight,

(¢} ammals about one year old and exceeding 300 g. mn
weight

Al a;um:ds used 1n these experiments were kept isolated in
metal emee & -

iy {7°

from s
(Nafag *
beguira |, o1 e experiment

The sterouds chosen, aldosterone and corusol, are known to
be secreted by the rat adrenals (Bush, 1933, Swger, 1837)
Cortisol was used as free aleohol, aldosterone was used as
L aldosterone acetate, the activity of which 1s just one haif of
D aldosterane (Schamadhin ot al, 1955, 1957) Al substances
were dissolved 1n sesame o and mjected intraruseularly
p:.g\:m go::s used m these experiments were chosen from
Ty }‘Z:nmenzs {Desaulles and Mezer, 1954, Desaulles,
. o eﬂeztsmg::: a!ddese. range corresponding to sub
guen, and for cnmsolg mogst;:;ne aectate 0 01 mg flg. was
As the excrebion of unme and urmnary electrolytes differs



DIFFERENCES IN THE PATTERN OF
ELECTROLYTE AND WATER LXCRETION IN
YOUNG AND OLD RATS OI' BOTH SEXES
IN RESPONSE TO ADRENAL STEROIDS

P. A DEsAuLLLs
Research Laboratories, Pharmaceutical Departn ent CIR t Limufed Basle

It 1s a hnown fact that, with advancing age, the cell mass
and, correspondingly, the cell water content of the ammal
decrease  This, together with a constant or increasing
extracellular water content, appenrs to be one of the true
signs of ageing (McCance and Widdowson, 1951, Olbrich and
Woodford-Williams, 1956)

Although the adrenals, and more espeaally the adrenal
steroids, play an mmportant part i the mamtenance of the
water and clectrolyte balance, only comparatively httle 1s
known about the mfluence of age on the activity of the
adrenals or on the sensitivity of the orgamsm to adrenal
steroids 1n amimals  We were therefore prompted to study in
rats of different ages the pattern of urine and urinary elec
trolyte excretion after treatment with two genuine ndrenal
sterords, nldosterone and cortisol, following a load of physio
logical saline solution amounting to 20 ml per hg

In sview of the very complex interrelationship existing
between prtuitary, gonads, and adrenals during the develop
ment of the ammal from birth to maturity and old age, we
have also studied rats of both sexes These ammals were
chosen m three different groups, ranging m nge from (n) five
weehs to (b) fiftecen weeks to (c) one year and more

Methods
All experiments were performed on adrenalectomized rats
of the same breed, 1 order to avoid mterference between
the steroxds 1njected and the steroid output of the animal’s
180
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Aldosterone prevents sodum excretion m xanbve:yt l::asr:;i
manner i about the same intensity and for al mlx: the
duration (five to seven hours) n all age grou;;]sd( 1g ; ) the

The only difference to be noted x5 that m dummt S
onset of the sodim retaining effect of the sterowd 1s retarded,

wld -
= 0

=
s

===

T B s W

_::: el l_; \lué. \'Si/\

" "

y sodium and potassum excretion of adrenal
© lomized male raj

ts of different age groups treated with aldosterone
(0 P10 g g}

Thuck tine sodium exeretion
Thin bne  potassum exeretion,
Other Bgures as for Fig 1

the maximal effecy faling 1n the collecting period of the third
hour instead of 1n the Preceding period

The effects of ldosterone on patassium exeretion depend
upon the age TTOUDS 1 question

In young animals

alosterane does not affect potassium
excretion untl the fourth collecting hour  From the figth
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n amount 1n ammals of differing age and weight, the results
are expressed as pereentages of the values of control antmals
for uninary exeretron m ml, and for sodim and potassium
excretion 1n m mole The differences between the sodum/
potassium ratios of treated and control ammals are, on the

other hand, expressed in absolute values

Results

Effect of aldosterone

In the male rat, aldosterone produces a marked minbition
of urmary output that 1s most pronounced 11 young ammals

&0

40

2

+ -

40 ..—:’w 4/
4 i —]

- ] i N

1 | i

3 4 5 [ 7 r 2}

TJa 1 Unnary excretion of adrenalectomized male sats of &if
ferent age groups treated with aldosterone (0 010 mg /hg)
Abseissa Duration of exjenment (hours) collecting period

1

2 lours
Ordinate Urinary excretion as a percentage of the values of

control animals

Continuous line 5 weeh-ol I rats
Interrupted ine 15 week old mts

Dotted hne one year and more ol ! rats

and tends to dimmmsh—at first an duration and then m
intensity—with mcreasing age (fig 1)
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Aldosterone prevents sodmm excretion in o very marked
tasnnier 1n about the same intensity and for about the same
duration (five to seven hours) in all age groups (Fig. 2).

The only difference to be noted is that in old animals the
onset of the sodium retaming effect of the steroid is retarded,

KA PP R T IR D | 1
W d‘ 0‘??“ L

A¥ss] |

fq 1

P }

bt

. £ty 4y« X
W 2 Unnary sodium and potasstam ex
cretion  of
©lomuzed male Faty of difterent age groups treated with nld:sdtr:rn:}:‘e
{0 610 mg kg )

Thick hine sodimm excretion
Thin line , potassium excretion
Other figures ns for Fig 1

1
h!;r mavmal effect falling 1n the colleettng periad of the thirg

:11;‘, wstead of 1n the preceding pensod
uponel I:ifects of aldosterone on Potassium excretion depend
o e BEE gTOUPS N question, e

Ung ammals, aldosterone does not
affe 3

exeretion until the fourth collecting honr, szfmpms?m
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hour onward it mduces o clear cut reduction m potassum
exerction, which reverts to normal in the ninth hour On
ammals of the adult group aldosterone has practically no
cffect at all In old rats, however, nldosterone markedly
enhances potasstum exeretion

“1 g o enpon w__.J
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o yoinrid
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lic 3 Unnnz d p ratio of adren: ized male
rats of different age groups treated with af losterone
Ordinate D between sodwm/| ratlo of experd

ucntal animals and controls
Other figures ag for Fig 1

If we consider the sodium/potasstum ratio, we observe that
aldosterone reduces 1t marhedly during the first hours of the
experiment mn all groups (Tig 8), its mavimum occwrnng i
the first collecting period for young and adult groups, and
showing & certan delay {threc hours) and greater micnsity
{—0 95 agamnst —0 75 to —0 80)n the old age group Irom
the fousth hour onward there 15 an increase n the ratio for
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young amumals {due to potassum tetephion), whereas adult
2nd od anunals teturn to a vauge withat control values, the
adult group reacting more readily than the old ammals

In the female rat, aldosterone also reduces the unpory out
put, but 1o a somewhat smaller extent than m males {—40 per
cent on the average, aganst about —~60 per cent m males)
(Fig 4) As m males, young ammals tend to respond more

i
o} k ‘ l !
4 T O O A O %
M e, i s
e
“ =

P s 5 ¢ T 1 P
tipary excretion of adsepalectomized female rat:

ferent age groups trested with aldosterane (0 0\8 ;\?Jl:ge)f @t
Fagures as for Fig 1

r:tﬂger:ztcdly although there 15 a certain delay m the onset af the
B :{n u;:):trast to males, with mereasing age a short
T ary retention 1s followed by a strong diretic

’nggl:‘o:;m; exvrehon gldosterone exerts a very pronounced

O miﬂt ect of about the same relative mntensity as m

ths et :%e“gm\xps {Fag 5) In contrast to that in males,

AU oldon::glbt’ ‘ﬁggenad of sodim exeretion, mos;,
S

towards the norm m the mnﬂ?;ro\:rem), e vaues returming
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On potassium exeretion the enhancmng effects of aldo
sterone are more marked and begin at an earlier age than m
males, old animals showing the most pronounced effect

On the sodium/potassium ratio the effects are much more
marked than 1n the case of males (Fig 6) Young ammals
respond with a reduction that 1s marked (—0 90), but of slow

X T —

! Q

oo cmox

200 —n
190

H

A

2 3 4 s . L4 4 e
116 5 Unnary sod um and j excretl a frenal
smize 1 female rats of different age groups treated with al fosterone
Figures asfor g 2

~

onsct (mavmum 1n the fifth hour) the values returmng to
within control hmuts at the end of the experiment

In ndult and old females the reduction n the sodium/
potassium ratio 15 more ntense {—1 29 and —1 10 respect
tively) and rapid 1 onsct (maximum in the first collecting
period)  Tlus effect lasts Jongest in old annnals

The rapd lowening of the sodium/patassiunt ratio s
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followed, i contrast to the situation for male ammals, by a
very pronounced and rapid mse {more 1 adult than n old
ammals) to hugh positive values (++0 95 and -+-1-28, re~
speetrely), this effect tending to return within control vatues
1n the mnth hour
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1954, Desaulles, 1958) and which 1s followed by enhanced
sodium excretion (Ig 8) In males these effects tend to dis
appear with advanemg age

On potassium, one observes the characteristic excretory
response whose intensity 1s particularly high in y oung ammals,
1ts onsct being somew hat more rapid in adult and old ammals
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16 7 Urnnary excretion of adrenalectomized male rats of dif
ferent nge groups treated with cortisol (5 mg /hg)
Abscissa Duration of expetiment (hours) collecting period 2 hours

Ordmnate Urinary cxcrction as a percentage of the values of control
mals

Continuous hine & week old rats
Interrupted ine 15 week old rate
Dotted hine one year and more ol 1 rats

The effect of cortisol on the sodum/potassium ratio 1s first
to lower 1t moderately in males, and to raise it afterwards to
Ingh positie values (I'g 9) This eflect, most marhed 10
young animals, dechines with increasing age

In female rats, cortisol has a stronger enhancing effect on
urinary output than in males (Fig 10) Vath nge, this effect
increases and a certain latency of onsct scems apparent,
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On sodium, cortisol bas sumular refmmng effects mli;emalcs
a5 1n males and these disappea? 1 old ammals (Fig 11)

As regards the enhanced sodmm exeretion which ap?e;rs
fater, females react differently from males Instead of dis

Fic 8 Unnary sodim and potassium excretion, of lulrenu!victu

(> mg fkg)
Thick ine sodium exeretion
Thinhne potassium exerelion
Other Sgares o3 for Fig %

appeanng with imereasimg age, the response remamns hugh and
s onset 1s more rapid 1 sgeing females, although 1 this
experiment ammals of the adult group do not respond
clearly

The effect of cortisol on potasstum excretion m females 15
similar to that observed 1n males, 1¢ 1t 15 enhanced, the
eetts tending to decrease 1n mtensity wath age
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g 10 Utinary excretion of adrenalectomized female rats of dif
F ferent n?\: groups treated with cortiso) (3 mg kR )
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On the sodium/potassium ratio, the effects are comparable
to those obtaned i males but are of greater intensity (more
than twice the values obsersed 1n males) and of more rapid
onset, and also tend to dimimnish rapidly with increasing age
(Fig 12)

Discussion

Trom the experimental results presented, 1t follows that age
modifies the sensitivity of adrenalectoruzed rats to the
influence of the adrenal steroids investignted  These modifica
tions are quahtative as well as quantitative, the sex of the
ammals also playmg an important role

Whereas 1n male rats increasing age tends to reduce to
control values the mlubiting effects of aldosterone on unnary
output, 1t tends in females to induce & marked sccondary
dwretic response  The primary retention of sodtum produced
by aldosterone 1s of about the same order of magnitude i all
animals, whether male or female, but ageing greatly mereases
the concomtant loss of potassium thus effect bemng parhenl
arly clear in male and female rats of the old age group

In contrast, cortisol has an enhancing eflect on diuresis
wluch, especrally in females tends to mcrease with adsancing
age, whereas 1 males 1t 1s more mtense from the onsct and
remans of about the snme order The efects of cortisol on
sodium exeretion arc profoundly different with adsaneing nge
1 rats of different sexes  In males these effeets tend to dis
appear completely In females, on the other hand, they
appear catlier and remain of the same order of magmitude

After cortisol trentment we can observe comparable dif
ferences I potassum evcretion  Whereas young males
respond with an 1ntense potassium exeretion which drops
rapidly as the ammals grow older, these changes are only
moderate tn females, potassim everetion remaimng Wigh
until old nge and 1ts onset merely retarded

These age and sex bound differences become particularly
elear 1f we study the sarations in the sodium/potassium satio
The sensitivsty of the ammals to the cffects of aldosterone
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\ncreases with advancing age, females showing much greates
differences than moles By way of contrast, sensitwty of the
anmals to cortisol dymushes with advanang age, females
showing here too a greater sensitivity than males

The sumglanity of the curves of the sodmm{potassium ratio
for ldosterone and corhisol 15 also strhing and leads us to the
problem of (a) the primary and (b} the secondary effects of
these substances, and furthermore to the problem of the
elassification of adrenal steronds on the basis of what has been
eonnidered thetr roost rmportant physiclogen effects

From previous experiments with aldosterone one 15 inchned
to consider as primary effects both sodwm retention as a
consequence of ncreased tubular resorption of sodim 1on,
wad pot n as 3 q of the exch
bets een sodium o0 1n the tubule cells (Cole, 1957, Stanbury,
Gowenlock and Mahler, 1958) Sodium retention remams of
about the same order of intensity and duration from youth to
ol oge m both males and females 1t 15 concomtant potas
$1um excretion that rises strihingly with advancing age both
10 males and females

On the other hand, the diuresis indueed by sldosterone,
which 15 wost apparent 1 old female anunals 1 the later
phases of the experiment, 18 most probably of secondary
ongn, its causes lying m the effect of aldosterone on the
sensitinity of adrenal d ammals to end
dm{enc bormane (Gaunt, Lloyd and Chast, xssa‘;
m;ri:“;’ C‘:mSOL Uts essential effect seems to bie mn the very

P which s ded
\a:\;ul&e\ with \ts eatabobe effects "

ts effect on pot t

P tends to 4 h with
i{!:l‘;i;zcmg age, male amimals being here more susceptible than
es Comversely, the diuretic and sodmm syemat =~ -=
pertes £
ant '
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von Liutinonie, these pr
o , properties tend to dis-
Itl \pi:x::er\::::? ;:sr:sx:)g luge m males but not m females
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rerone » 1sal tend ta snduce a greater duretic

sntt

as runnig m
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response and concormtantly higher sodium cxerction with
advancing age, espeeially m females

Thus, together with the sumilarity of the changes m the
sodum/potasstum ratio induced by aldosterone and cortisol
during these experiments, even 1f the factors of agemng and sex
act differently on them, underlines certatn similarities of effect
mm a number of known adrenal sterords wlich have already
been stressed (Meier and Desaulles, 1956, Gaunt and Chart,
1958) Relatine dosage, time, age, expenmental conditions
and different stages of homeostasis are among the factors
modifying these similar patterns of effect The relation of
homeostasis to the dev clopment of the ammal organism is too
complex to permit of any defimte statement Ve have
simply tried to show that the propertics of certam hormones
may be profoundly affeeted by such factors as sex diflerence
and increasing nge, and that these differences may act in the
same or n quite different ways and thus contribute towards
a better understanding of pathophy siological changes due to
age

Summary

It has been shown that in rats of differing age and sex the
sensitivity to the wnfluence of aldosterone and cortisol on
urinary electrolyte excretion vartes greatly

\ hereas age tends to merease sensitivity of the ammals to
the effects of aldosterone, their sensitivity to cortisol by way
of contrast tends to diminish

On the other hand, female ammals show a greater respon
sty eness to these changes than male anmmals

These results are discussed
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response and concomstantly higher sodmum everchon with
advanemng age, espeaally m females

This, together with the simlanity of the changes i the
sodrum/potassium ratio mduced by aldosterone ond cortisol
during these expersments, oven if the factors of agemg and sex
act differently on them, underhines certamn sinularttics of effeet
m o number of known adrenal steroids wiuch have aleendy
been stressed (Meser and Dessulles, 1056, Gaunt and Chart,
1958) Relative dosage, tume, age, expenmental conditions
and different stages of homeostasis are among the factors
modify ing these simlar patterns of effeet The relation of
homeostasis to the dex clopment of the nmmal organsm is too
complex to permut of any definte statement We hwe
sunply tried to show that the properties of cerfam hormones
may be profoundly affected by such factors as sex dufference
and increasing age, and that these differences may act m the
same or 1n quite different ways and thus contribute towards
o better understanding of pathophy siologienl changes due to
age

Summary

It has been shown that m rats of dilfersng age and sex the
sensifivity to the mifluence of aldosteronc and cortisol on
unnary clectrolyte exeretion v ares greatly

Wherens nge tends to nercase sensthivity of the ansmals to
the cffccts of aldosterone, their sensitivity to cortisol by nay
of contrast tends to dunmush

On the other hand, fumale animals show a greater respon
sn eness to these changes than mnle arumats

These results are diseussed
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Desautles We ennnot cope with every aetsvity, but we did think that
light might be one of the problems

Fourman Dr, Desaulles, you drew an analogy between the effects of
aldosterone and of cortiso] on the cxeretron of sodiim and potassium
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hormone by & change in Na/K ratios in the urine, when the change is
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find that 1n young nmmnls there 1s very hitle difference i water Sraress
as compred to that in smmals 33 days old  Between adult antmals and
33 day-old oncs there 1s no dufference, but between 23 and 33 days there
are variible, but statistically sigmifieant differenecs in the exeretion of
the water load

Heller - That 1s almost exactly what we found, our nge groups were
20-22 and 20-31 days after birth

Borst+ 1las diurnal thy thm been taken into account by Pt Desaulles
and Dr, Kfedch ? Big differences can arsse 1f the controls and experiments
are not done at the same time each dny,

Kfeleh Our experiments and controls were alnays done at the same
tiune in the morning  The) were done in summer and 1 winter, with the
snme resufts

Desaulles  Ours were done very early 1n the mornmg

Adolph  Did you run controls without the hormones?

Desaulles Ivery group was run with controls

Zlorst Light is not important In blind people the diuenal rhythm
rematns normal if they are o hght duning the mght and in the dark
during the day.

Desaulles We cannot cape with every activity, but we did think that
Tight mught be one of the problems

Tonrman Dr Desaulies, you drew an nnalogy between the effects of
aldosterone and of cortisol on the excretion of sodiunt and potasstum
If ane considers the excretion mtio of these two fons in_the urine, the

effeets do appear to be analogous  Ired Bartter and I first became
wt a0 T b e abanl INEG s Fn aleeancar nctaagpbichwe
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Tourman » What strikes me is that pharmacologists are mistuhen as
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use thus a€ 8 mensure of aldosterone effect 1 think the carly effect of
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YTES
THE EFFECT OF AGE ON THE ELECTROL!
‘!‘N THE RED BLOOD CELLS OF DIFFERENT

SPECIES
M J Karvoven
of Physiology Insutute of Health,
Helank

Two kinds of age changes may occur 1n the red blood cells
The efythrocytes themselves have & defimite length of hfe
which may be determined wm various ways, whereas the
longevity of “fixed” tissue cells generally cannot be as
exactly wdheated Thus, as cells erythrocytes may be
‘young” or “old” On the other hand, ike any other cells

of the body, the ted cclls may be o part of a young or of an
old orgamsm

Cellular age

In order to study age changes 1n the erythrocytes as cells,
two prineipal ways are open One of them 1s to produce
anaemuy, eg by bleeding, and thus to stimulate erythropoie

s1s 50 that o large proportion of the arculating eells will have
been produced withun a relatively short period The wnter 1s
not aware of any systematic study of the red cell electrolytes
throughout the regeneration after acute bleeding In miero

¢ytic anaemias of man—swhich 15 the type seen also 1n bleeding

th x w erythroeytes 15
lower than normal (Maze T types of anaermua

on of p

15, 1936) In othe
a cliange in the opposite dircction may oecur (Maizels, 1036,
Sebeyn and Dacie, 1954, McCance and Widdowsan, 1956)

However changes n the electrolytes observed m any type of
anatmia are not necessanl

eryUivocy tes, but . y depv:;ldbent on the age of the
s, but may be cause m;
assotiated with anaerma » many other factors

1
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Desaulles, That 1s 8 very unporiant pont, because it is very well
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the red cell electrolytes may change with age The subject
was taken up by Hallman and Karvonen (1949) m another
species sheep A distinet difference between foetal and
adult Finnish sheep was observed, in the sense that the con
centration of potassrum n erythrocytes was lugher i foetal
than m adult sheep Fig 1 shows the differences in both

3

Potassum mlleq per litre

50 100
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electroly tes tends to Temain eonstant th'th :ge of the two
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Reeently 1t has been clmmed that other methods for studs
g young or old erythrocytes might be feasible According
to Borun, Figucron and Perry (1937} after eentnfugtion of
blood the bottom layer contams the oldest eclls, and the
surface the youngest ones  An analyss of the different hyers
hns shown that—at least m human adult blood—the paching
1s elosest and the amount of mtercellular plasma lowest 1n the
bottom lsyer, but when the cffect of different pachang 18
correeted there 1s no difference between the sodium aad
potassjum concentrations of the bottom and the surface
erythroeytes (Leppanen personsl commuateation) Serl
osmotic haemolysis has also been suggested as a means for
differentiating voung and old erythrocytes {Simon snd
Topper, 1957) The value of these methods 1s not yet elear
However, the nature of the methods used suggests that
changes 1n the electrolyte metabolism of the erythrocytes
may be myolsed i thew ageing thongh such changes may not
necessanly result m differences in the concentration of sodum
and potassium

Age of the animal

As o mixed population of different collular ages envthre
cytes are easih avaifuble The avamlabuhty and devdopment
of flame photometric analy sis have been a stumufus for several
wyvestigations of the electrolyte content of the red cells It
has been found that mn genecral the sodmm and potassum
content of the erythrocytes tn 1o iv fuirly stable typreal of
the species, and resistant to mam phissioloziead and pharmace
logieal agents However 1n distase partwularhy in fibnle
states, erythroey tes tend to Dee potassium and gan sodm
in other words, the cleetroh te composition of the ryvthro
c3tes moves closer to that of plasma

Sheep and other ruminants It may be wferred from resuits
published by Green and Macashll (1028) and by Wese and
co-worhers (1017) that the mntraceflular potassium eoneen
tration 1s lughicr 1 the blood of young calves than i thit of
adult eattle These two papess were the first to andieate that
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the red cell electrolytes may change with age, The subject
was tahen up by Hallman and Karvonen (1949) in another
species, sheep, A distinet difference between foetal and
adult Finmish sheep was observed, in the sense that the con-
eentration of potassium in erythrocytes was higher in foetal
than m adult sheep. Fig. 1 shows the differences in both
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Recently at has been elaimed that other methods for studs
ing young or old erythrocytes mught be feasible According
to Borun, Figueros and Perry (1057) after centrafugation of
blood the bottom layer contamns the oldest cells and the
surface the youngest ones  An analysts of the different layers
has shown that—at least 1n human adult blood—the paching
1s closest and the amount of intercellular plasma lowest i the
bottom layer, but when the effect of different packing 1s
corrceted there 35 no difference between the sodm and
potassium concentrations of the bottom and the surface
erythrocytes (Leppanen, personal communication) Senal
osmotic hacmolysis has also been suggested as a means for
differentiating young and old erythrocytes (Sumon and
Topper, 1957) The value of these methods 1s not yet clew
However, the nature of the methods used suggests that
changes 1n the cleetrolyte metabolism of the erythrocy tes
may be involy ed in their ageing, though such ehanges may not
neeessarily result m differences in the concentration of sodim
and potassium

Age of the animal

As & mined population of different cellular ages erythro
cytes are eastly nvalible The availabihity and des clopment
of flame photometrie analy sis has e been a stimulus for sesvera)
myestigations of the clectroly te content of the red cells It
has been found that in general the sodmm and potasstum
content of the erythrocytes sn rio1s furly stable typieal of
the species, and resistant tomany phs stologienl and pharmaco
logical agents IToweser, m disease, particularly m fcbnle
states erythrocy tes tend to lose potassium and gamn sodinn
1 other words, the clectrolyte composition of the crvthro
cytes moves closer to that of plasmna

Sheep and other rumnants Tt may be inferred from results
published by Green and Macashail (1925) and by Wise and
co workers (1957) that the mtraccllular potassium conecen
tration 1s higher 1n the blood of young cals e than n that of
adult cattle These two papers were the first to mdieate that



Ace Crances v Rep Broop Cenis 201

the red cell electrolytes may change with age The subject
was taken up by Hallman and Karvonen (1919) n another
species, sheep A distinct difference between foetal and
adult Finmsh sheep was observed, 1n the sense that the eon

centration of potasstum 1n erythrocytes was lugher mn foetal
than w adult sheep iz 1 thows the dufferences tn both
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the first values for the sodium and potasstum concentration
of adult sheep ery throcytes, and found that thev belong to the
*“low potassium—high soditm” type In 1937 Kerr observed
Ingher potassium concentrations, with a large yanation
between mdividual sheep  In the determmations of Hallman
and Karyonen, the erythrocytes of the I'inmsh sheep turned
out to be—contrary to those of Abderhalden—of the “high
potassium—low sodm” type, contmimng still more potas
sium than the red cells of Kerr’s sheep  Sheep ery throey tes
thus show n Inrge range of ndmadual vanations m the
clectroly te composition

The clectrolytes are not the only constituents of the red
cells in wlich mndn idual sheep differ  The solubility character
1sties of sheep haemoglobin obtamed from different countrics,
from different breeds, or from different sheep may also differ
(Karvonen, 1949, Knrvonen and Leppiinen, 1952) It was
natural, as & working hy pothesss, to connect with each other
these dufferences 1n the red cell electrolytes and 1n the type
of hacmoglobin  In the first five samples representing &if
ferent breeds of sheep, hacmoglobm prepared from the low
potassium  crythrocytes actually showed n crystal habit
different from that of the high potasstum cells (Karvonen
and Leppanen, 1952

Since these crly attempts the red cell electroly tes of sheep
have become the subject of intense study  The indiidual
differences 1 the electroly te composttion hnve been shown to
bLe permanent characteristies (Lvans, 1957) Ihe occurrence
of different types of red eclls 1n a number of breeds has been
studied, and the genetres of the mheritance have been worked
out {(Evans, 1954, 1957, Lvans and King, 1055 Laans et al,
1956, Laans and YMounb, 1057}

The application of paper electrophorcsts to sheep hacmo
globins has shown that though there 15 a definte associntion
between the electroly tes an the red eells and the hnemoglobn,
this association 15 not absolute (Harns and Warren, 1035,
Laans et al , 1056, Evans, Hamms and VWarren)  On the other
hand, the haemoglobin present i the red blood cclls has an
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influenee on the concentration of potassium in the whole
blood of both high potassium and Jow potassium sheep, and
thus presurnably also on the concentration of potassium m the
cells themselves (Esans 1 of , 1956},

The study of mdnndusl differences between adult sheep thus
shows that the type of haemoglobmn is associated with the red
cell electrolytes, but that other factors also play & rile

Haemoglobin changes waith age the hiaernoglobn of 2 foetus
A farg fonen Ahat 8 = 21 - . P

with that of younger ammals {Karvonen, unpublished }

The transition fram foctal to adult hife mvolves & change of
[R— ..

In sheep, these
and to be com
+ 19, Hallman and

. - the changes ave
exactly parallel would be a subject of considerable theoretical
tnterest

Other speciey The effect of age on the electrolyte concens
tration of ted cells has been studied mn few other species
Remarhably enough, s relvtionship just opposite to that m
Tummsnts fas been found the sodum concentration 15
Iagher and the potassium concentration the same or lower 1n
foctal than ia adult erythrocytes, at least m man (Hallman,
0s_\crlund ond Vora, 1954, Osterlund, 1935, McCance and
Widdowson, 1936), pig (Ml d Widdonson, 1956), and
Fumnea pig (Widdas, 1854, 1955, Karionen and ch"pénen.

unpublished) The concentration of chionde cha
n,
same direction as that of sodiam esn the

Underlying mechanisms

It bias been pointed out by
y Conway {1057) that the small
& cell, the more worl, per umt mp™
must do 1n the same Ec et e

2 “*sodwum purop™
fd, 1 order to Lee

nvironment of plasma or extracellular
b the intracellular sodium at
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level A sinular conclusion applics to an eventual “potasaum
pump” The ery throey tes of a foetus arc larger than those of
an adult  With constant actinity of the clectroly te pumps an
merease mn the cell sodium and a decrease 1 potassiam would
be expeeted from foctal to adult hfe  This 1s the direction of
devclopment 1n the rummants, but not m the other species
examned It 15 rather questionable whether the deerease m
cell size even 1n the rummants 15 an important cause of the
changes of the red cell electroly tes

Viith the aid of 1 vatro studies much progress has been
made 1n elucidating the mechanism of cation transfer across
the red cell membrane The appheation of these methods to
the cry throey tes of the foctus suffers from a serious hnutation
the cclls of foctuses (at least human and sheep) haemolyse
spontancously and rather fast 11 vilro To some extent the
rate of hacmolysis 1s dependent on ovygen tension high
o\j gen tension mereasing the rate of haemoly sis, but haemo
Iysis also occurs at an appreciable rate in blood exposed to
nitrogen  Haemelysis in human eord blood may also be
retarded by admustering ascorbie acid to the mothers before
delivery, but even so the rate of spontancous hnemolywis
remains considerably higher than in adult blood  An addstion
of ascorbic aeid 1n mitro 1s without effect (Raihii, 19506, and
personal communication)

Summary

Information on changes 1n the electrolyte metabolism of
individual erythrocytes dumng ther hfe eycde 1 meagre
Howeser, the clnims that voung and old eells may be separ
ated with the md of centnfugation or senal hacmoly s1s suggest
that changes m the eleetroly te metabolism may be mvoly o
1n the ageing of the red cells Differences an the actual sodiun
nnd potassium concentrattons  hase not, however, been
demonstrated

In sheep and cattle the erythroevtes of a foctus contamn
more potassium and less sodium than those of an adult In
man, pig and guinel pig o diffcsence i the opposite dircction
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hias been observed 'The ey entual association of the difference
1 red cell electrolytes with a difference 1n haemoglobins and

with & difference 1n cell size 15 discussed
In wtro studies of foetal erythrocytes and particularly,
ther pretation are handicapped by a fast rate of spon
od In man this may be

tancous haemolysis 1 foetal blo
retarded by exposing the blood to mitrogen andfor by admin
1stenng ascorbie acid to the mother before delivery, but even

5o the rate of spontaneous haemolysis remains far above that
observed 1n adalt blood
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level A smmlar conclusion apphies to nn ey entual *potassum
pump” The erythrocy tes of a foctus are larger than those of
an adult  With constant activity of the electroly te pumps an
mncrease 1n the cell sodium and & decrease 1n potassum would
be evpected from foetal to adult hife  Tlys 1s the direction of
development in the rumnants, but not m the other species
examuncd It 1s rather questionable whether the deerease 1n
ecll s1ze even m the rummants 1s an important cause of the
changes of the red cell electroly tes

Vuth the aid of 1n witro studies much progress has been
made 1 elucidating the b of catton transfer neross
the red cell membrane The applieatton of these methods to
the ery throcytes of the foctus suffers from a serrous nutation
the cells of foctuses (at Ieast human and sheep) hacmolyse
spontancously and rather fast 1z vitro Lo some extent the
rate of hacmolysis 1s dependent on ovygen tension, lugh
oxygen tension increasing the rate of hacmolysis, but haemo
lysis also occurs at an appreciable rate m blood exposed to
nitrogen  Hlaemelysis in human cord bleod may alse be
retarded by adminmstering ascorbie acid to the mothers before
delivers, but even so the rate of spontancous haemolsss
remains constderably ugher than m adult blood An additront
of ascorbic acid 1n vitro 1s without cffect (Rwhi, 1056, and
personal communteation)

Summary

Information on changes in the electrolyte metabolism of
indinadual erythrocytes durng ther hfe cycle s mengre
Howerer, the clmims that young and old cells may be sepir
ated with the nid of centnifugation or senal hacmoly sis sugpest
that changes 1n the electrolyte metabolism may be myolved
n the ageing of the red cells Differences m the actual sodium
and potassium concentrations have not, honever, been
demonstrated

In shecp and cattle the erythrocytes of a foctus contmn
more potassium and less sodum than those of an adult In
man, pig and guimned pig, A fferenee in the opposite direction
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deer® Dicer may have sickle eells, and thus is corrclated with a certain
type of different haemoglobin

Darson 1 know the camel has cllipsodal cells

Bull 13 anything known about the relative efficiency of the dufferent
¥inds of red cells with respect to their function of carrying ox) gen, in
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DISCUSSION
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usunily has o very defliute cause and is usually due to the fact that the
I belity of the 1 becomes 1y bigh and you get
this Donann differcace of osmotic pressure being exerted between the
plasma and the contents of the cell Therefare, the most profitable hne
af research would be to try and get conditions i which y o could prevent

this baemoty sis from oceurning,
Mine 1s there any data avmlable on the foetad levels n the eat and
the dog, which have this very high sodmm content in the ery throeytes?

Karvonen  No, we have none
Davsan - The sheep enn hn:o a« high a sodmm content as the eat, et
[ L 4 . . I B Ve

. ) e 3. T e . . . e,
& qualitative filea of the content
Karvanen » That would be a very interesting thing to do e

L1V tegelq 41 mew am infosmation an 1 at outside mnn?

- - abwalute
. . ! . with low
- . " - different
. . » abightly
.
"":‘;m'.‘.lun Hins not the same effect heen deseribed for some hind af



THE DEVELOPMENT OF ACID-BASE CONTROL

B M Wipoowsosw and R A McCaner

teihcat Researeh Counerl. Departaent of Expersmental Mediane,
Hedel fie Uraveranag of Cambridze

General Principles {as they apply to adults)

e the body of a healthy person 15 prowded with the
et normally eaten m Europe and the Umted Ststes, it
produces in ts metabohsm more non valatile amens than
eations These surplus ansons” are excreted by the adney
partly in combination with titratable hydrogen wns {the
titratable soidity) and partly as nmmonmurn salts  The
ammontum salts usually account for rather more thar 50 per
cent of thetotal I the excess of non volatile amons mcreases,
the pH of the unine falls and the titratable acdity mereases,
but the excretion of smmaona also inereases beeause a fall
the pH of the urine 15 one of the things whnch rasses the output
of and quently the p ge of the surplus
amons tvcreted as ammomnum salts remams about the same
The excretion of smmomum salts 15 also increased {n) if the
gl of the unne 13 mamtawed at its lower Linuts for some
v

© o ~entinuous admsmstration of acid or aad formung
dr * = merease w the actvity
3 slyse the formation of
sammonts and partww,

aunase {Pavies and
Yudhm 3952) (b} By an sncrcose n the acid ‘load® {Rector,

Seldis and Copenhnser 1933) Both (a) and {b) increase the
pereentage of the surplus amons exereted as ammonsum

salis and good examples of the offects which may be observed
after continuons hugh

dosage are given by R
A% the {11 of the s e e iven by Ryberg (1048)

ne tises progressively above 6 5 the
permentage of the total output of surplus non v olatile antons

reezeted s ammomum salts may also mse and ultemately
"
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Black On the penctic srde 2 15 very odd that onc gels thus seatter nght
slong thehne Onenouk? Qunh that, necording to Mendel one workd gt
sepregntion at the two ends of the line

1 was not clear whether there was an exeess of flud e the red oells
In othier vionds, i the fuctal shoep or man sias there an Svoes of
potassium per hitre of red cells? VWas there any diffetence i phos hnte
content? Lhffurences m phosphate content have been desented 1
tiunkh by Priokerd (1035 Chn dar 14, 381} and others in connevon
with the sichle celf probiem, and § wondered whethier that sude Mt
been gone nto with foctal versus grown up sheep

Aarvenen I am afmui I gme o wrong uopression when 1 sud the
scitter was alf along that hae  Thete 13 o very efear concentratin at
ech end of the hine but there 13 alo n group 0 between  Witlin each
group, however then is quite n consuderable scatter which ds due toa
permanent sndnadual charnetenstic of evch sheep  The statpsticians say
that there is quite a high mtm indinaduat correlation

The foctal eclfs contain more water than the adult cclts In sheep I
da not think that any determunations of the phosphate hive been dobe
but f5 man and i g 1t bas been found (Mot anee and Waddowson
1050) that the phosphite of the foctad cells s« Ingher

Detson 1t must be realized that when ted blood cetls are analysed,
aeory targe numbers are taed  there man well be differences 1o coneen
trations of potassiim and sodin: amongst the wdis idunt ones and they
conld well fall mto groups which wonld never be discorered  Vapations
an the \a h ratio could be reflectins of yaratons wn the proportions of
high potassium and low potasaum cells which would give o exntinuony
seatter nght nleng the hine
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on four additional babies on the 7th to 8tk day Of the seven
Dabies im estigated one week after birth, six were Breastfed
and the seventh was fed on Ostermulk  Saraples of blood
have been tahen fram the cord at birth, and from the femoral
Sun at 48 hours and seven days  Urnine has also been collected
for 24 hours from one child nged eight months and from one
aged one year, while six nosmal men and women have pro

vided 24 hour urine collections to serve as the adult com

parisons  The unnes were collected and stored under toluene

Determnations of pH, hiratable and, smmonia, ereatinine,
phosphiate eitrate and sulphate have been made on the unne,

and the sera have been analysed for creatimine, CO,, chlonde,
sodium and potassium

The excretion of surplus anians

Fig 1 shows the millumoles of surplus amons not combined
with fixed base (1e titratable acd plus ammonum salts)
exereted by the infants on the first, second and seventh days
of life and by the older mfants A figure for the adults 1s
wdieated also AWl ihe values ave expressed per kg of body
®oght per day  The aserage pH of the adult unne was 6 or

ahttleover while that of the babies was between 5 5and 5 8,
a0 2 a o, N .

that of the adults aithough the pIl of the urine was lower,
*lach would hate Yed ong to expect a Tupher rather than a
lower amon exeretion  Thus low ate of exeretion was quite
suffictent to mawntam the nerd base balance of the bodv, for

the scrum €0, and chlonde dd net change Tt x
3 to b
sttnibuted to the fact that E httle

the urine contawns very httle
‘\\\(!:‘\\m\t of sulphate at ths period (McCance and +on Finel,
184" and see later), owing to the small breahdown of tissue
pratein {(McCanee and Strangeways, 1054} Ry the seventh
vin) uu; baties were tahing nearly 500 i of brepst mulk 8
un‘). which contaned 9 § ¢ protein or sbout 3 g g, and
€y were passing sbout \hiee Bimes as much urine per \‘.g of
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reach 100, becanse above pll €-3 the excretion of titratable
acid falls more rapidly than the ammonia and is extinguished
before the excretion of in, which conti at a de-
ereasing rate up to pH 8. This tendency of the percentaze to
rise as the pH of the urine goes above G- 3 is therefore exagger-
ated if the uriges are titrated, s they mostly are nowadass, to
pH 7-4 instead of, as at ove time, pH 8.

Dihydrogen orthophosphates are the main buffer aeids
which can be titrated in a normal 2duit’s urine, but this may
not be so in disease if there is a great excess of abnormal
arganie zeids of the right huffer strength in the urine, suzhas
g-hydroxybutyric acid or amino =zcids. Apart from the
phosphates and weak organic acids which eontribute by their
presence 1o the titratable acidity, the surplus of non-volatile
anions in the wrine is very largely due to sulphates, derived
from the metabolism of protern (Hunt, 1956;. Chlorides are
generally balanced by the equivalent amount of fixed base
unless calefum or ammondum chlonde has been taken to
produce a chloride acidosis.

The ahility of the kidney to excrete hydrogen ions into the
tubules, and o to excrete the surptus non-volatile anions in
the way described. depends upon the activity of earbonic
anhydrase. Since it has been shown expenmentally that the
degree to which the pH of the unne can be lowered depends
upon the activity of the carbome anhydrase at any given tun?,
it may be that the Jower and well-known himit of unnary pH
attainable by a normal persan s an expression of the actimty
of his earbonic anhydrase, but tins 1s merely a suggestion at
the moment.

The Newborn Period and Later Infancy
Complete collections of urine from three healthy baby boys
have been made for the first 33 hours of their Dyes, and apin
over the whole of the Tth-5th day. These habies all passed
urine at the moment of birth and this was also collected.
Urine passed by two other babies at birth has also been
included in the series, and a 24-bour coflection has been made
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an four additional babies on the 7th to Sth day Of the seven
babes mvestigated one weeh after burth, six were breastfed
and the seventh was fed on Ostermill.  Samples of blood
have been taken from the cord at birth, and from the fernoral
st at 48 hours ond seven days  Urme has also been eollected
for 24 hours from one chuld aged eight months and from one
aged one year, while aix norzal men and women have pro-
vided 24 hour urne coliections to serve as the adult com

pansons  The urimes were coljected and stored under totuene

Determinations of pH, titratable acid, ammomnea, creatimane,
phosphate, aitrate and sulphate have been made on the unne,

and the sera have been analysed for crestinine, COy, chlonde,
sodiam and potassium

‘The excretion of surplus anions

Fig 1 shaws the millumoles of surplus anions not combined
with fixed base {1e utrlable acd plus ammomum salts)
excreted by the infants on the first, second and seventh days
of bfe snd by the older mfsnts A figure for the adults »s
indicated also Al the values are expressed per kg of body
weight per day  The average pH of the adult urine was 6 or
alittle over wiile that of the babies was between 5 5aud 5 8,
and this has to be taken into account considenng some of
theresults The urine passed 1n the first and second 24 hours of
Ule contained less surplus anions per hg of body weight than
that of the ndults although the pH of the unme was lower,
which would have led one to expect higher rather than M
lover anion excretion Thus low rate of excretion was quite
:;xﬁ‘«mm to maintain the acid base balance of the body, for

ie serum (0, and chlonde did not change It is to be
n\)\nbu\n! 10 the fact that the unme contams sery httle
[, 9!(;;{\]!‘“: ot sulphate at this period (McCance and von Finel,,
vmlcx:mil?(‘e later) owing to the small breakdown of hssu;
PN thc(h banec and Strangeways 1054) By the seventh
il “‘mi :m\;:;:dmﬂkmg nearly 500 ml of breast milk a
Wy were Tsong ot fhrgmlzmtcm or nbout 8 g fig, and

imes as much unne per by of
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body weight as the adults Their excretion of surplus antons,
sulphates among them, per kg, had reached the adult Jevel
although they were still excreting httle or no phosphate
The pH of ther urine was a little lugher than 1t was on the
first two days, and the increased volume may have been one
reason for this (McCance and von Tinck, 1947, Hungerland,
1957)

At exght months to one year of age the babies excreted more

™ molefig/1h
16

- =Adult

O~
24h 48h. Bday yeor

Tte 1 Surplus anions (not combined

with fixed base) exercted by babies

during the first weeh and at 8 months
to 1 year of life

surplus anions per kg of body weight than the adults This s
explanable by the hugh intahe and metabolism of protemn per
kg of bedy weight at this time of hfe A child of one year
consumes about 8 5 g protem per kg, which 1s two to three
times as much as an adult perhg , and only 8 or 10 per cent of 1t
1s used for grow th 1n contrast to the 50 per cent or so retmned
1n the neonatal period  The phosphates and the cystine and
methionine in the milk and other protem foods were probably
the mamn sources of the surplus amons
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Fig. @ shows the percentage of the surplus anjons excreted
with ammoma, For ths it is possitle to give a figure for unne
which was formed 1 utero and passed st the moment of birth
and which had & pH of over 6. It will be observed that,
although the piL of the urine passed at birth was higher than
that of the umne passed afterwards, the percentage of the
surplus amons excreted wath smmonia was also very high
before birth, and of the order to be expected in adults with

%
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BAODS exereted as ammomunm salta,

sery aeud unnes after takang large dos i
Tor e g e teing rge doses of ammonium chioride

ge of the surplus anjons
with ammonis 10 the first 48 ho et gy
bt b atom vemded o mo 48 urs and on the seventh day of

t1es to be Ingher than that i
urine passed by sdults This 14 prob: bebii
ab; e
l:.‘r:;\“c( o t d 5o Wtle ph “" y uymi}Q o Eﬁabl:l:
ttestal f»“fl‘_“fy e .)ow.m zelatian to the st miing e
of e - ) ’ s
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wensh ws, Yyork
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body weight as the adults. Their everetion of surplus anions,
sulphates among them, per hg., had reached the adult level
although they were still excreting little or no phosphate.
The pH of their urine was a lttle higher than it was on the
first two days, and the increased volume may have been one
reason for this (McCance and von Finck, 1947; Hungerland,
1957).

At eight months to one year of age the babies excreted more

o molefigfash
s

- - = Adult

A
O=G-"2d 5
24h 48h Bday yeor
Tic 1. Surplus antons (not combined
with fixed base) excreted by babies
during the first weck ang at 8 months
to ¥ year of Iife

surplus anions per kg. of body weight than the adults. Ths is
explanable by the hrgh mtake and metabolism of protemn per
kg. of body weight at this time of hfe. A child of one year
consummes about 8-5 g. protem per kg, which 15 two to three
times as much as an adultperhg., and only 8 or 10 per cent of 3t
s used for growth in contrast to the 50 per eent or so retamed
n the neonatal period. The phosphates and the eystine and
methiomne i the milk and other proten foods were probably
the main sources of the surplus anions.
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¢ 15 enidently lower even 1’::11\ t}:le‘ e:c;t;:;\e ):{gnm:::“
s filtrat
By one year of age the glomerula et ot o), and
abave that of adults {McCance and Wi howse u,e o
carootua and surplus smons per g
‘;:::da(sec Fuos 1 and 3), the amount of ammona exereted
per mi of glox‘;xeruhr fltrate was near the adultTevel

o8

L

® 2
BueeQ 24 3}
Sirth 248 48h Bday yeor
Fig 4 The ratio of the aramoma excreted
(m mofe/24 b ) 1o the glomervlar Bltrat o
rate (mijm )

The nature of the titratable acidity

Tig 5 shows the excretion of tityatplie amd per hg of body
worght by the babies and the adults The wmount exereted
was low durmg the whole of the first week, but 1t was nsing
aven though the wrine stdl congmmed no phosphates The
Tugh exeretion 2% 5 year 15 agan refated to Ahe gh intake of
protesn ot that age
g 6 shows the perventage of the titratable acidity due to
phosphiate 1 the usine of an adult and 1 the urme of a breast

fed baby in the first weeh of hfe In the adult the pereentage
depends upon the pH and, smee the P of the unne passed
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which has been done on hidney shices 2 vatro (Robmson, 1954),
and on renal glutaminase and ammoma production (Hines
and MeCance, 1954) goes to show that, weight for weight, the
hrdney of the newborn of other species contans less glutamin

ase and produces less asmmonia than that of the adult Fig 3
shows that the total amount of ammoma excreted per hg of
body weight was m fact small in the first two days, but that
by a week, when the baby was taking m three times as much
protein as the adult per hg of body weight, 1t had nisen above
the adult level The ability to form ammonia n response to
an acid load i the first day or two of hfe has not yet been

" mole/kg f14h
o8,

06

0= 247 7- 4
24h 4Bh Bday year
TIie 3 The amount of ammonms
excrete

studied t man, but Cort and McCance (1954) found 1t to be
smaller 1n puppies two days old than mn adult dogs The
matter requires further mvestigation

Fig 4 shows the excretion of ammoma 1n milhimoles/24
hours divided by the glomerular filtration rate (as measured
by the endogenous creatimne clearance) in mt /mmute It
was possible to caleulate this ratio for the urine passed at
birth, even though the rate of urine flow before birth was not
hnown, because the two functions being compared are both
expressed 1n terms of rates of urme secretion  The excretion
of ammonia was Jugh i utero and i the newborn perrod
relation to glomerular filtration rate  The glomerular filtrstion
rate at this time of hfe 1s very low by adult standards, and)f
the endogenous creatimne clearance is a truc measure of 1t,
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than the amount excreted by the adults this series
u“:[:;ar as citric aqd roay be regarded as a product of the
setabolism of the Jaidoey 1t cannot be classed as a surplus
non although 1t contributes to the titratable saidity.
1t 15 well known that mfants on cows’ milk muxtures have a
ugher concentration of morganic phosphorus in thewr serum
than breastfed wmfamts, they cxerete phosphates by the
seventh day of life, and the phosphate orgame acid telation
ship 15 of the adult pattern, as 1t 1s also 1n the urine of mfants
eght months to one year of age

Foetal Life

In the uterus the aad base balance of the whole conceptus
15 regulated ultimately by the mother’s lungs and kidneys,
but the foetal kidney s, membranes and placents act as inter-
medianes

Unne has been taken from the bladders of five human
Toetuses aged 10-20 weeks It has always been found to be
hypotonte, due mamly to very low concentrations of sodium
and chlonide It appears to resemble the urine formed n
utero and passed at term which has been better investigated
and desenbed elsewhere (McCance and Widdowson, 1953,
Hanon, Coquoin Carnot and Prgnard, 1935, 1957)

The pig has a gestation penod of about 120 days Between
the 20th and 60th day there s a rapid expansion n the volume
of allantote flud  The sae contamng the fwd has free con-
nevion with the hidney through the urachus and bladder,
Its b also p: pate 10 ges with the mother
Table I shows the composition of the Awd at 20 days, 45 days
and 60 dsys At 45 days both mesonephros and metanephros
are fuucl}lgrxal, but the former 15 becomme less 5o The

s Lledly 40 that fram 43 days 1t s only one half
or one third that of foetal serom {McCance and ]};xckermn,
1957} This fall wn osmolar eoncentration 1s due largely to
o fsll m the concentration of sodwm and chlonde The
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by the present sertes of adults was higher than that of the
newborn infants, the value for adults shown m Ig 6 (70-50
per cent) has been tahen from Gamble (1942) Phosphates
accounted for a very small fraction of the titratable acity of

m mole/kg fa¢h
10+

Adult

O- 24 7~ 1

24n 4Bh 8day yeor

Yia 5 The excretion of titratable
neid

the infant’s urine, which 1s due to the faet, already mentioned,
that the unne of breastfed mnfants contains so hittle phosphate
at this time of hie

Investigations arc being made on the organic acids mn the

At TS SETTTRETIETTT prosphore
— Organ ¢ dcids

Infont] § Phosohate
] organie ac ds

O 10 2 30 40 SO &0 70 8O 90 00
Percentage of titratodle ocdty

I'a 6 Thcdproporuon of titratable ncid due to plmsrhnlcs and
organic acids n the urinc (P! 5 53 8 0) of adults and infants

urne during the first week of hfe  Citrie acid 15 one of the
major constituents, and on the sevcenth day the breastfed
babses were found to be exereting 33 mg atrate/hg body
weight/24 hours {Stanier, personal commumcation)  This



PevrropMEvT of Ach Base Covtron 219

hoped to extend the study to later stages of gestation, to
other membranes and to glutammnase.

before bsth, or whether the flud has been made hypatome
and acid by the action of the membranes themselves  Small
emounts of flud have been removed from the bladders of
fostases at 45 days and it 1s probably possible also to wth-
draw fluid from the large mesonephme duct, so that this
problem may be soluble without recourse to large scale
etpenmental vetenhary obstetries  Should it turn out that
the composttion of the fhuid 1s bemg altered by the membranes,

ther activities may contnbute matemally to our ideas about
the function of the renal tubules
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concentration of potassium does not fall in the same w13, and
the concentration of caleium rises  This ealeium appears to
be leld m solution by aitne sad (Economou Mavrou and
McCance, 1958)

The fluid at 45 days has been found to have a pH between
5 5and 6, and a titratable acidity of about 10 m equis flitee
The flmd contams ammoma and ammoma appears to ac
count for about 25 per cent of the titratable acid plus ammoma
found init The concentration of phosphates is always small,
and the acidity 1s almost entirely due to carbome acd The

Table I

THE WEIGHT OF THE FOLTAL FIG AND THE }OLUME AND
COMPOSITION QF ITS ALLANTOIC FLUID

Foetal age 20 days 45dys 60 days
Weight of foetus olg 20g Jj00 g
Volume of allantoic flnd 5ml 110 m! 200 ml
Composition of allantoic flurd
Osmolar concentration m osm /1 206 120 02
Urea m mole/fT 31 84 103
Chloride m-equis /1 69 80 18
Sodium 114 13 4
Potasstum 14 8 6
Caletum mg /100 m! (] 30 —_
Inorganic phosphosus mg /100 ml 9 [ —

pH rises quickly 1f the flurd 1s shahen or even i it as left ma
tube exposed to the ar, and 1t was found necessary to collect
and analyse the flud out of contact with sur  Lutwak Mann
and Laser (1954) found no “bicarbonate” in pig’s allantoie
flmd at 20 days® gestation but there 1s no doubt about the
presence of carbonic acid at 45 days

Further s estigation has confirmed the fact, first noted by
Lutwah Mann (1955), that the chorioallantoic membrane
contams carbonic anhydrase At 45 days the allantore flmd
wself also had some carbome nnhydrase actiaty On the
basis of matenal from three pregnant pigs the activities of
carbonic anhydrase may be gnen as foctal Judney ++-+,
chortoallantoic membrane -+, allantoic flwmd + It s
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Tuch 15 passed sm-

soamic atid conshituent of the unoe w

gfd:::g?; :ﬁ.it btk In addtion l\mnle pai;sc:t?c dgr;‘r;gd gn‘e) gz; “2:
bours of Bfe contams abe aed, glyeole y droylutyne,
, and o ketogfutane acids, tet not aconitic Bek It 19
?n,::)‘:’dc u?e e:n d:toxgct > mmxm\n;\ of 20 ug of each of these organic

e ds | the
Adelgh TsAbere any apprectable greumulation of organic acids in
newb&\r{\ duriog (e ﬁxit “:ECL oflife? At thusstage themdwadustisvery
wsersitve to the hydrogen won concentration changes as far as the
beeathis s concemned and 1was wondenng whether 1128 also insensitive
X concerned
u?;ezjm;;lc:“\ﬁ:m now working ¢n the detection and identsfication
of the orpame acids founa 1n the unne of normal newhorn babies and the

nest probiem vl be 1o wentily thase found 1 the urine of hypoxaemic
newborn balnes

Raronen Did you find any pyruvate or does 1t come out with this
metbod?

Ziteymuller We bave not found a pyvuvic acid spat, but we have not
2dded pyruvic acrd to the unne so we do not know exactly where the
spot should appear on the paper

Rarvonen Y unds 4 that mereased of p

¥ has been
found dunng the frst few days of hfe (Taligust H (1052) Thesis,
Hameentinna)

Zteymullzr There s an wierestng paper about some work on the
output of vrganic actds m potassinin Gepletion m which pytanie and
tactic anid o ketoghutane acid and sine aud were estimated but thiy
waa done on normal adults (Evans ¢t al (1057) Clin Sar , 16, 53)
Feurman The hydeogen 100 1n the allantore sac must come from some
where 1t cannot be manufactured It st come m the end from the
mother and since she canvot mannfacture the hydrogen 20m 2t must
Wllimately come from her diet  So What happens if sou feed alkali to
the mother prg?
Widdwmrson Ve have nat tned that
Mine Itss well shown 10 your paper Dr Widdowson, how the new
born Laby copes with 1ty normal environment ¥ would agree that the
oreatue seid level especially that of citrate, 15 proportionally much
bipher thon i the adull  Obviowshs 1 assessing the efficiency of the
Wney partielacly 1 excreting an acid load one must grve 1t & maxi
mun ehallengeand though 1 see the Aifficulttes of this in human expers
3t would be extremnel, o do thes 1a the pewborn
;n;mnl ‘There seem to be twoseparate aspeets of excretion of aaid by the
h’ e} Ote s the pbility of the ksdney 10 excrete s massmum amount of
ydrogen 10n xex day and clearly that can only be assessed by gving s
prg]nn:ed atid Jond  The other 15 the ebility of the ndney to mmntmn
8 hydrogen fon gradient between unne and blasma, w other words the
m}:c\:&n of & munumum unnany e Y would be very snteresied m
T~ ‘gnml;ﬁx\ &h$:m° mxmmur;: p’l,I of :dult unmne 1s similar 4o the
unne whether the ammomma excretion
increase on prolonged et ngestion pmoattionally to that, of e ax\c\g?,
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DISCUSSION
. _Zuey:mlller‘ The l'dcnhllcuh‘onnof organic acids 1 unne by paper

Nordmann and co-worhefs (1954 C.R. dcad Scr, Pans, 238, 2159),
and Tig 1 demonstrates the position on a two.dimenstonal descending
chromatogram of some non volatile, water soluble orgame acids which

o

1
Ple @ g ¢
P T® O
> B
 BY
P T

[50)

5

04, o5 X o]
Et OH-NH3~H0 —> A
Yia 1 (Zweymiller) The position of some organic
actds in the urnme of & normal adult on a two dimen
sional descending chromatogram
C1 = Citric seid, Ta == Tartaric, Mo = Malc
Gly = Glycolic, a ce = a hetoplutarie, Su == Succinre,
Ac =Aconitic, Glu = Glutarie 8 hy = g hydroxy-
butyric, Lo = Iactie, Hi = Hippurie

. o P 1M sl . Aleaegenam
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3. P P P
Joorsqc nee miranall Taw T ah anowan =k obat haed a0 Lt e
Kyections

McCance The Jower Linuts mught be due to the actmity of carbome
anhydrase having a cethng 1n the human kadney Ve know that if the
?irbc:;n anbydrase 15 defective the lowenng of pH 1s correspondingly
Rl
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and finally whether this very large citrate output in the newborn shows
the same tremendous Jabihity to acid base effect as 1t does 1y the adult,
1n whom 1t ean be reduced by quite small doses of acid or imerensed by
alkalinization, say by sodium Iicarbonate
‘.!lﬁdd'oumn‘ We have not yet given an acid load to newhorn babres,
1 . . . "

LI (L - N .
The difliculty in an animal which s des eloping v ery rapdly 1s to separate
the effeets os‘ several dn}s’r:\dmmlstmtmn of an neid formmg drug and
. P . . DN T e -

altering the pH of the urine upon the exeretion of citrates 1n the newborn

aby.

Scnibner  We carried out some esperiments in rats which seem to indi
cate that the amount of citrate 1n the urme depends on the hidney tissue
level of citrate rather than on the blood eitrate Jevel After ntrn
peritoneal injection of eithe -
citrate increases 10- to 20 fol
mcreases two to threcfold 1
response to intraperitoneal

the blood level nises nearly 100 per cent, but there is httle or no increase
1n either hidney tissue citrate or unnary citrate  We concluded from
these esperiments that the level of citrate in the urine under these
conditions 15 determuned by the estrate level in the renat tubular celt and
1s independent of the amount of aitrate filtered through the glomerulus

MecCance Dr Milne, what determines the lower hrnmts of pII which
the human and other hidneys can achieve?

Malne. T think this can only be answered conditionally Iirst, onc
must state the stimulus, and secondly one must state the conditions of
the hidney at that moment Ammonium chlonde has been used ns the
usua! stimulus and I think ho one has ever produced a pH of human
urine below 4 1 by that method, but other stimuli seem able to produce
o canswderably Jower pil  The experiments of Schwartz, Jenson ond
P vemwd® ¥ b P ant 2 O el nand Hae sl are thes infused

clearly,

» stimu-
1us, and indeed this agrees in the mt 1L I8 vely amneun Lo produce
o hghly acid unine 1n rats by most experiments  When it Is given
ammonium chlonide the Tt scems to be able to Leep up with the am-
monium intake and puts out ammonium chloride in 1ts unne almost as
quickly as it is either injected or taken 10 the drnling water ut an
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have not shown 2 potassium deficsency as 1n muscle, but they h‘i‘. e
shovn & fall 10 tular bresrbonate and th

2 fall m lular pH  These exp ts have not, as far ns‘i,

possibly greater *

deRrront on mal wh

Siout Ane stologieal struesure m Pror aYauace s potassium
[ R . .

woking muscle tibres 1 Prof Wallace s ammal than we see 10 the
[ pnerty

v+ uiupyls were presumed to look frayed and woebegone Sub
Sequent expeniments showed that dietary defictencies and alterations
<ould produce sim lar cbanmae nAha s kT owde &t P
of young
older anyn
W the yo
sesult of [
basic questions of what 1s adequate nutrition of g ¢el! and how ecan
1t be mamtamed

Wallace What 151 and what « an™
quleyoung while * *

L Tomen
when X talk of an
least 13 at an. age

Hallace S oung
logreal changes 1o

eresting to see if your old rats
Jwer Tepaw tme Dr Hingerty has alread tioned
that older rats chemea) Ssency moome o
o the )ounganes y repair potassium deficsency more slowly
JORIS O~V gy
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Wallace: 1 should lihe to present a problem that arises when one
attempls to interpret chemieal analysis of tssues from deficient
Is 1n terms of lustologeal npy Sheletal musele tahen
from potassium-defierent anamals s low i potassiuny, high 1w sodimm,
high m s content of basiec amino acids and probably low m bicar-
bonnte content When the musele 15 exarmned lustologically one
sees npparently normal cells Jying side by side with grossly abnormal
cells, Wineh cells ¢ for the e} 1 ok httes? I have
dered if a coll ean tolerate any deficit at all. Possibly, for the eell,
it is an all-or-none phenomenon Does a bissue as 2 whole become
defi innsort of g fashion, eell by cell rather than by an
over-nll shared process by all of the cells® Ts 3t not necessary to get
down 1o & truly celiular level to further our understanding?
Fourman, May 1 ndd to Prof Wallace’s problem? The kidney and
the heart show the morphologieal changes of potassum deflctency
Dbefore the other tissues, These two tisstics, when they are analysed in
ammals that have been made deficient in potassiny, do not as a rule
show chemical e idence of potassium deficiency, X suppose they doif
you carry the deficiency far enongh but as a rule they do not. 1t has
nlways been a puzzle to me why two tissues that have a normal
potassturn content are the first tissues to show a potassim nbnor-
mahty. These two tissues are nlso ones that never rest, in the way
muscles o, and one wonders whether the fact that thewr function
requires the mamtenance of & nonnal potassium content, with the
demand on the metabolic energy of the cell that this entarhy, carries
the sceds of ther own destruction
Wallace The analyses of Oreut-Keiles and McCollum do show
deficits of potassium n eardiac tiascle taken from deficient rats [§11138
J. biol. Chern , 140, §37). Howerer, most workers have not shosn
the same thmg
Black: Jean Ohiver and co-worhers (1057 J erp Mrd., 106, 563)
have done work on the Jocahzation of the marphological defect m
the nepl of depleted 1s, and this scems to be
Lmted to the preamal and the ecollecting tubules, Dr Fourman's
thfficuity may not be so real if the lesion 15 as sharply localized as
that, With analysts of the whole hulney that may just be a farlure
1o detect o linmted loeal defiaieney of potassium,
Afitne: Part of the difficulty may be thus. 15 net the ncerosis of
degencration 1 the cell possibly due to the full in mteacelufar pil,
not prmarily to potassium deficieney 7 1 agree that hadney analy ses

2%
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hey have
Bave not shown & potassium defictency s 1 muscle, bat t!

shown & fall 18 otracellular brcarbonate, and therefore presumably
PSS TR IO L i L - IS not ne fav ne T

passibly greater

Fvuznagr: Yes, unless you thunk as 1 did, that the £l 1n mira-
oclular G 15 & sesult of the fall in intracellular potassiuma

W e Taopnt o Ve ra X - - —a —_— Y )
fuss prepared from our material, which show 2 reduction 1 potas
smm content of the tatal mauscle mass  There were fewer nice
‘m“‘“‘g tausele fibres 1 Prof Wallace's anumal than we see m the
et CE

ugo tuere was quite a flurry shout the electrop microscopic studies
of mitothondnia In such prctures the rtochondna from cells of
old animals were presumed to look frayed and woebegone Sub
stquent experments showed that dietary deficrencies and alterabions
t0uld produce sumlar changes m the mitochondna taken from cells
of young anmals  If the few cellular changes we can obserie m
older amymals ean be produced b t and dietary al
\n the young ones, 1t 15 posstble that these ‘age changes’ are the
syt of chrome matnutnbion of the cells Thus brings us to the
bame questions of what 15 adequate nutniton of a cell, snd how can
2 be maintasned

Wallaee YWhat s old and swhat 1s vrs nef Tr ma ~ 24 3
quite your .

Shoek "

"
when X ta
ka?‘t et
allsce + o Lues wmade potassium-dehcrent do show
togienl changes 0 wgeletel muscle These lchanges cas bem:)tx!;%;
:lrxr;’p]ctely Feversed w as Little o5 8646 hours afier potassum
o l‘lin:stmhé)g& The lestons m cardize muscle do not show this
T 31:&:‘_ A g I would be interestig to see 1f your old rats
g n?m\; repaie tume D lhrggerzy hgsna!n-ady mentwoned
han do the young g ! Teparr more slowly
AGRT30mtT—g
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Kennedy+ Mornson and Gordon (1957, Fed Proc, 16, 360, and
personal communication) hate reported that a 24 month old rat
starved of food but not water for 24 hours loses far more uren,
creatinine and potassium than a young one of comparable weight
So there 1s o state of pot: deft We have also

Fann 1 81k 4l ndvonele nmn s All eeabbe Tamen o ¢ acn ald rate

\ "
" . e . '
al , (1952).J. Geront , 7, 8513 Bogdonoll et al (1953, 1954) J. Geront,
8, 272; 9, 262, Wathin et al, (1955) J. Geront , 10, 268} We eonsis
tently found that the older individuals, s hen gis en good protemin.
takes that resulted in positn ¢ nitrogen balanees, retained potassium
1n excess of the theoretical amount required for the nitrogen retamed
A good deal of tius, I am sure, may be due to cumulative analytical
errors, but 1t has always seemed to me that the older ammal will
work himsclf nto a potassum deficiency if gren the opportunity.
Blacl, Is not some of our difliculty here due to the tnntations of
morphology? If we take as our criteria of morphologlg'll change Ulf

. \

s

how we can expect morphology to deeide its actiology

Talbet \When jou use the term ‘potasstum deficient’, Prof
Wallace, do 3 ou wish us to think sumultancously about the correlated
fact of the cellular sodium exeess? Cellular sodium intosreation may
actually be the provocative factor under some cireumstances

Wallace Sodium excessis usually a corollary but notalnays Some
cation, 1t would seem, must replace the deficit  Basic ammo acids
haie been shown to tncrease i potassium deficient tissues as well as

sodium
Talbot We have Just done some experiments where the absolute
' - Ut m e e apam b mbam

ant 4l as coamin

- au Digul o nuuly  we ge s
by your work (Commy, I J,

and Hingerty, D J. (1038) Hiochem J, 42, 372) Unlihe you we
found that sodum was lost simultancously with a gun of muscle
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"
tassm ¥~ = - ) ’
(1035) dn - .
Sweyer T
and other
basis or rau

d oestrogens, or
the true X wa ANUTOZENS SIK

the tatio of . w Lwo seX hormones, or 1s 1t 1 fact due to same
charactenstic which depends upon the presence of one X or two
X chromosorses?

hennedy It 15 probably somettung to do with species, but the

dilferences n size and growth between the castrate cockerel and the
castrate hen,

and the same sort of thing 1n rate and female castrate
fats, ate very well knows, and there 1s abviously a genetie difference
sm the subsequent behaviour of the neonatal eastrate Sorne of the
early thearies of 2gewng depended on body swze, and ane wonders how
fauch actual size, or organ des elopment and growth as such, ather
than sex alone, affects the matter The Lidney of the male castrate
rat, even though 1t 15 castruted very young, 15 & much pger organ
andm fore, 158 toped or older organ than
thatofafemalerat Purely 1 factors taay & e of
the dulferences in what I tinnk you call end-organ yespons:) eness

Swyer Y3 eastration even shortly after birth early enough? Adter
all the foetal testis has a very important role to play and mira-
utenine castration mught averd this difficult;

Drsaulles “That mught possibly be hielpful m determming the role
of the X zone X615 hard 1o 1magme how the mterrelationshap be-
tween puiustary, sdrenals and gonads sets just at the begmnang of

WL S

Rfc sn the ammal

Yilne Ts the control to the castrate male a spayed female?
Desaulles They are quite dhfferent—that 1s the annoying pont
hennedy When he dsseussed renal function Pr Shock povated out

that there was some sumianty between the old and the young Jud

neysin therr wabihty to sustawn water drurestsand soon  Jthasbeen

shown (Seuth H (1951) The Kidney, Structuse and Funchion m

Heolthand Disease New Yorh. Oxford Unaersity Press) thatsf you

tahe an gumal of intermediate age and remon e one of its kidneys and

bl the ather then the imitral response, at feast, 1s & great dimnu tion

m water dress which may take four weeks ta be restored to about

tua-thurds normal Thas may suggest that the penod during which

the magor clranges t the newborn des elop 15 dunng the unfolding of
the anlage of the hidney, seneseence i most anmats that have been
studied simalarly nvolves a Joss of struetural umits So apam, sunply
the amount of end otgan which 13 there may be the \mpoﬂxn’t than

oport altogether from what 15 called the €ndornine thimate &
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Kennedy+ Mornson and Gordon (1957. Fed Proc., 16, 366, and
personal communication) have reported that a 24 month old rat
starved of food but not water for 24 hours loses far more urea,
creatimne and potassium than a young one of comparable weght
So there 1e o ctnbn b a o @ 1o X v,
found .

Shoe it
FURRY n - . .

‘. - " . - .
Taan "t AN B e e ..
tently tound that the older indis rduals, when grs en good protein in
takes that resulted in posttiy ¢ nitrogen balances, retained potasstum
mexeessof H oM~ -4 Y - ' e ’
A good deal '
errors, but .
work himself into a potassium deficzency 1f given the opportunity,

Black Ts not some of our difficulty here duc to the hinutations of
morphology ? If we take as our enteria of morphological change the
fact that the tissuc ‘looks bad’ or looks moth caten’, then we are not
gomng to get anywhere m deeiding the eause of this ehange You can
hardly expect & ccll to have s signpost seying ‘T am too old’, or ‘I
am j ~dnee s Taln me) e 16 " . T T

how
Ta i - . -
‘Wallace, do y ot wish us to think smmltm;cously about the corrlated
fact of the cellular sodium excess? Cellular sodium mtovication may
actually be the provoeatise factor under some cireumstances

Wallace. Sodium excess 1s usually a corollary but notalways Some
cation, 1t would scem, must replace the defist  Basic amino actds
have been shown to increase 1n potassium deficient bissues as well as
sodium

Talbot We have Just done some experiments where the absolute
Yuiene wf nbagn o d A e a - . v -
had eellular sodium intoxieation that showed all thc's,\ mploms con
monly considered characteristic of marked potassium deficiency

Iingerty Prof Wallace, when y ourestored the potasstum, morpho
) ) ' tF % nghtin 30 hours Didyon

our work (Conway, L J,
42, 372) Unbhe you we

tound that sodium was Jost simuitaneously with s gamn of muscle
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OLE OF 'THE KIDNEY IN ELEGTRO
T“.E'N% WATER REGULATION IN THE AGED
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Aanonal Heart Institute Aational Instlules
' tecin PHS DIVE &Y Bethesda and the Balismors iy
Haspilale Balt more Maryland

Tag kidney 15 the first Jine of defence in mamtaming appro

ptiaté ¢oncentrations of water and electrolytes in the internal
environment of all the cells n the body  Although there axe
other avenues through which salts and water may be lost
from the body, and other factars which may enter mto the
regulation of concentrations i local areas, 1t 15 the adney
which carnes the wayer burden of electrolyte and water
sepniation The kudney responds to a multitude of strmuls and
15 blessed with large reserve capacities It 15 the purpose of
tlns repott to desertbe bnefly some of our findwgs with
regard to age changes in renal function, to discuss the possible
mechamsms of these changes and to discuss their relation to
the mantenanee of certamn physological constants i the
aged

3
In order for the hidney to serve tts funetions of regulating
water and electyolyte concentrations, as well as the volume of
extracellular flusd blood rust be dehivered to 1t m adequate
amounts glomerular filtrate must be formed, and the tubular
cells must selectiely reabsorb and excrete sub m
accordance with nvanety of stimub to which the kudney must
respond  The sppheation of elearance techmiques mabes 1t
possible to assess the nature of age changes m diserete rena}
functions The studies to be reported are based on ambulatory
male subjects between the ages of 20 aud 90 years who were
faund to be free from chenl ewdence of renal disease as
dged by clmscal laboratery tests and medseal hastory  AY
229
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Adalph* Iwish the structural preture agreed sowell with thephysio-
Jogical response to water Joading First of all, when you tahe out
one hidney from, say, & muddle nged rat, you do not reduce the water
diuresis much—it 1s more often a reduction of 20 per cent than of 50

available, as far as anatomica) studies show, )s about 50 per cent of
that n the adult, and yet the duresis may only be 10 per cent ol the
adult’s, As the diresis develops in wtensity with age, it gets far
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Although there s a substantial vamation betseen suljects at
any given age, the trend 15 Tughly sygmficant *

The age decrement 1 glomerular filtration rate, a8 meastred
by standard muln clearance, 15 shown 1 Fig 2 The regres
ston of inthn clearance with age s expressed by the equation
Clyy =158 2 -~ 0 9B X age {in years} The average decline
over the age span 20-90 years was 4% per cen!

tn this instance §
T ¥ T 8] 7 N ¥
N
e
w
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Jomidim L A L 4 e 3
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1o hanpe 1n stagdacd teudn clearance or glomeruta
rate wiliage  QueemQ) nuRTAgevalves mt ﬁ{tg iy n‘ylmmn
body surtuce ares. rarefmn ) "3

{From Shock 1952)

The fall in glomerular Hltrat

on rate 1s closely assocated wit
the fall sn plasma flow so that the filtration fraction, cal nlwt S
s ratio of mulm ¢} to the drod; Jearance, shon

only 2 shght inerease with age (Fig 8) > shons

¢ Inad fereat sample of
A ple of sabfents in whora renal pi ke
l‘\ll {p-ammnchppune aoid) tlearsnce (‘fvnfu“:s %ﬂgm“ﬁn 9)2

»
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subjects were selected only after n thorough history and physi-
cal examination which euwcluded recent or remote renal
diseases, ccrebrovascular accidents, coronary artery disease,
syphilitic or rheumatic heart disease, hypertension, or any
recent alterations in body weight. All tests were carried out
under basal conditions and subjects were hydrated nith 600~
8§00 ml. water, miven orally 1-2 hours before the test, and
200 ml. water were given at half hour mtervals during the
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STANDARD DYODRAST CLEARANCE
CC.PLASUA/MIN/ 173 42
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3
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0 20 Y

40 50 €
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Fwa, 1 Change in standard diodrast clearance or effective renal
phsma flow with age  O———Q nvernge values ml plasma/min |
1 73 sq m body surface aren
(¥rom Shock 1932)

test. The constant infuston method was followed, and four
clearance and four Tm perrods of 10-1} nunutes cach were
talen according to the method of Smuth, Goldring and Chaets
{1928}, Iig. 1 shows the age change m effectine renal plasma
flow as estimated from diodrast clearance (Shoch, 1052)
Retween the ages of 20 and 90 ycars there wasn declme m the
cffective renal plasma flow amounting to approvimntely 53
per cent. The regression cquation relatmng the <odrast
clearance to age 15° Clp =510 — G 1 x nge {m yecars).
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The maxmum capacity of the renal tubule to te\'crtett‘z
diodrast alse dimumshes with age Fig 4 sllustrates "
results of this test m the subjects studied T}‘IE a\;erali
diodrast T fell from 54 6 to 80 8 mg 1odme/t 78 m giu“c
between the ages of 20 and 90 years This represents ;;d °
tionof 43 Spercent The regression equation relating diodra

T T T T

400 -
-
u? 200 1
b
b4
Etd
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"; 200 -
1
9
H
0, -
ES

7 3039 4049 5059 0063 1075 8009
AGE IN YEARS

amimad tubitlae reubsorptive capacity with

age sdmmwwmtthemunvnluuf each

decade The vertical hines represent =& one slandard errar of the

foeant while the open circles define tha fi oo of 3: one standard
Qeviation of the distribyt on.

(From Miller MeDonald and Shock 1902)

Tm to age s Ty =86 7 ~ ¢ 49 X age (m years)* TThe
reabsorptine eapacity of the tenal tubular epithellum for
glacose also shows g comparable dinunution with age, as
shown Fig 5 'The aversge glucose T fell from 828 to
223 mg glucose/1 58m ¥ between the ages of 30 and
m'.'.'!;hz _;::; 'm:n; g::tlnzy g.paz £7 for PAY shows th

e follomng regress]
5 2 (W atlun and Shock. oy 500
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Fig 8, a portion of

e and Shoek, 1955}, as shown m ¥ig

1{}21\: f::;‘x—:;hon 1 renal plasma flow must be athe::)‘\x\;:gt:o& r{)&e
N EXp

ductron m total blood flow However, P

r:polrtcd later caleulations show that the age reduction n

senal blood flow 15 proportion-lly greater than the reduction
m cardiace output

QDRAST Tm

3
i

F DN
b OORAST CLEARANGE sNIT O

20 30 a0 50 & 7

AGE IV vEARS

g ¥ Change in effective renal plasma flow per nuit of diodrast Tm
O-——0 average values

(From Shock 19.42)

20 50

Other expenments have shown that
effective renal plasma flow n

the reduction of
to permanent structoral chan,

the aged cannot be ascribed
ges 1n the renal sasealar hed
(MeDonald, Solomon and Shocl, 1951} Previous studies have
shown that the admumstration of o Pyrogen to young people



284 N W Snock

90 years The regression equationts Trmg == 432 § — 2 604 X
age (in yenrs) The maximum eapacity for both a reabsorptive
and excretory mechanism in the renal tubules showed ap
proumately the same pereentage decrement with age

The average mulin clearance per umt of Tm remams con
stant between the ages of 20 and 90 years (Iig 6) lins
finding lends support to the hypothesis that a nephron Joses
1ts function as o umt  In contrast, the diodrast clesrance per

4111111Tﬁ111]ﬁ|l
- . -
3l
2l

INULIN CLEARANCE ZUNIT OF DIODRAST Tm

§ SN SN NN SN YUY SN (U SO N S S T S
10 20 30 40 50 80 70 80 00
AGE YEARS

Tic 6 Change in rate of glomerular filtration per unit of dolrast Tm
O————0Q average valies

{Irom Shoch I0.2)

umt of Tm decreases from an average value of 12 6 at age
30-89 to 9 7 at age 80-89 (g 7) This steady dechine in the
effecttve renal plasma flon per umt of tebular cxcretory
enpacity indicates that the average amount of blood delty ered
to each tubule, and by tmplieation each nephron dechnes with
age Since we have been able to demonstrate a sigmificnnt
reduction n resting cardinc output with age (Brandfonbrener,
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results in a marked jncrease in effective renal plasma flow. In
order to assess age changes in the ability of the renal vascular
bed to dilate, glomerular filtration rate and renal plasma flow

na

ST T T T T T

o) o

sof

Sweke idex, ml per beot per m?

30

IR IS S RSN SRS NI S S M
20 30 40 50 60 70 80 90
Age yeors

TG, B. Stroke output per sq m. surface arca versus age. Iach polnt

represents the average of tnwo mensurements in 40 subjects, of three

measurements in four subjects, and a single mensurement in 13 subjects
The linc indicates the simple linear regression for the data,

(From: Brandfonbrener, Landowne and Shock, 1035).

were measured in young, middle-nged, and old subjeets
following the introvenous administration of 50,000,000
killed typhaid organisms (0+5 ml typhoid-parntyphoid A and
B vaccine). The results of these experiments, based on the
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flows, aral flud intahe was supph ted by the mtr
sdmmstration of & per cent destrose m distilled water, m
which approprate quantities of sulin and sodum amno
hippurate had been added at the rate of 8 mifmn by a
constant nfuston pump  Twenty mne adult males, rangng
m sge from 26 to 86 jears, served as subjects The total
sample was arintranly dinded mto three age groups young
{no =9, age range from 26-45) muddle (a0 = 10, age range
from 46-65) and old (no = 10, age range from 66-86) After
three contro} collection periods, 0 05 mulkunits pitressin/hg
body weight was admmistered antrayenously Subsequently,
it ¢ urtne col each of 12 3
were made Dunng the control penods, the average urme
flow for the young subjects was approvmately 34 ml fromn ,
middle aged 11 ml /min and old subjects, 10 ml fmm  The
urinefplasma (U/P) multn ratio was ealculated as an mmdex
of water reabsorption  The results of this experiment are
shown 1 Fig 10, where the U/P mubin ratio was plotted
agmnst the urwe collection period  Dunng the contro}
pertods the UfP mubn ratios were approximatety 10 for all
three age groups Following the administration of pitressin,
prompt antidwrests was noted 1n all three groups Peal
d ond peal. 10n of mnubn were observed
oll theee age groups dunng tlus period which was 12-24
munutes after pitressin - As sndscated m Fag 10, there was a
marhed age difference 1 the antdmrehe response to this
standard stoutus The young subgects showed the maxy

mum response and the old subjects shoned the mmmum
10 Fig 13 thn =«

tubular resp
1s shown €

¥ 45, 904 1hE regres
m:x of the concentration on age was deseribed as U/P mulin =
2 ~16 X age {n years) Although the adminsstered
pitressin resulted 1n 8 nse of blood pressure; 1t ateraged onl
g

}u W Al iwo minutes after wjection and fell to contral
evels within five minutes These expenments wndweate dhat,
m the older wdividual there 15 an mparment 1n the
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expressed as pereentnges of the base line values, the nse w
renal biood flow for the young, nuddle, and old groups nas
76, 86, and 91 per cont respectively  As shown by the upper
three curves, the filtration fraction dunimshed marhedh m
all subjects, mdicating a foll w effectave filtration pressurs,
wiieh would result from a greater sosodidatation at the
effesent thnn at the nfferent side of the glomeralus if there
were no change m blood pressure Actually, the dustolie
blood pressure dropped shghtly m the muddle and old groups,
but remamed constant throughout the reaction the young
group At the heght of the rewetion the dsffercnces 1n the
filtration fraction obseried under yesting conditions, com
pletely disappearcd  The <mall absolute ehnnges renat
plasma flaw m the older subjeets following pyroges are
consistent with the anatonuent findings of a progresshe
decrense m the number of glomeruli w the aged hidney
{Moure, 1831} On the other hand the tune of onset and the
percentage merease 1 renal plasmn flow were smular o the
different age groups Consequently 1t must be conclud
that the responsisencss to pyrogen of the vascular clements
remanng W the aged hidney s not qualitatsyely dufferent
from that m the young kuney It w nferred from these
experunents that the renal artenoles m the sged adnry are
capable of dalating and that m the sestsny <tate there 18 8
functanal vasocomstricttan of the afferent asteroles i the
aged wlieh wnder resting conditions diverts blood from the
Lidney to other parts of the oircuintion

To function effectnnely the hudnes must respond to 2
variety of stanuls One of the most smportant ugnals for
altering the reabsorption of water by the renal tubule s the
antidretic hormone  Age differences tn the mhibition of
water duwresis following the mtruenous admpastrotion of
small amounts of pitresss have been obsesved (Mhiler and
Shock 1953) In these evpernments # frpumum water
duuresis was established by the oral admmntration of 300 mi
waterat 800 n M, followed b 250 m} woter at half hour i
tervals untit completion of the test 1o (nsure maxmmus urae
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of the fallmg cardrac output. This vasoconstrction 15 fune-
tional 1n character and can be removed by an appropnate
physidtogeal stimulus Although the tubular epithelmm
responds to the stimulus of the anhidmretic hormone as
quickly n the old as i the young, the functional capacity of
the tubular epithelum to perform osmotic work. shows a
gradun) reduction with age

UsP INULIN

25 a5 45 55 65 75 85
b AGE IN YEARS
and

v Yetween VP insbin A
age The ardinate is the mean UJP ratio for perods 4 und 8,
{From Miller snd Shock, 1633}

n;}l‘s‘nhongh these experivents serve to define certan hnits-
e wn renal function with wereasing age, we must turmn to
t lft‘obsenutlons 1o tell us how effechive tha nmty v

at B a¢ tnere s no evidence of an -
(‘305;;\::533\: nhgel . Although Videbael and A};}ﬁ-ﬁ:ﬁl
sbight nise m pla
tions, 4 0o 2 plasma potassium con -
3 $ Swequn 1, between the ages of 25 and ;e(;‘t:}?e
v
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functional capaeities of the tubular cells to perform osmotic
work on the glomerular filtrate

The results of these observations lead to the concept that
with mereasig age, there 1s a gradual Joss of nephrons in the

[ L L A A I
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.
fmmdondnd b f b
t 2 3 4 5 6 7 B 9
URINE COLLECT ON PEA 0D

Tz 10 Mean selues of U1 o tabio for erch of
1 ree age groups before and after tle intraveno s at
m mstration of pitressin  Urine collection petioda ¥ 0
represesit n ne conseeuthve £2 min ste periods  Priresen
way administered imme liately after 13 e coned sston of

(I rom Maller and Shock 1053)

ladney In addition to these structural losses there are
functional changes One of these 1s s gradual inerease sn the
vasoconstriction of the vaseular bed of the hidney which
further reduces the flon of blood through i, eyen i the face
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Alving (1038) found some evidence that with mnereasng age
there 15 an acenmulation of urea mirogen i the blood Thew
data show a shght nise m the fifth decade, but no significant
change dunng-the sixth and seventh decades, with s rather
sharp merease after the 70th year Most of the total rise from
a mean of 12 9 mg urea N/100 ml blood m the 3040 age

(From Cohn and Shock 1943)

EToup to a mean of 21 2y e
Sowptan Mg per cent sn the 85-89 year alds
oeevrred & lt:thengto{ 0 Yt therefore appears that thava
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trend was not statistically significant. The other major
clectrolytes, sodium and chloride, do not show any age trend
{de Billis, 1054; Herbeuvnl, Cuny and Manciauv, 195%; Lippi
and Malerba, 1955). In our own laboratery we have found no
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¥ia 12 Trends w the ueld base equnhbrium of the
blood of males with increaung age  Average curies
from tap to bottom melude percentage of red cclls,
serum pil at 89°, earbon dioxide tension expressed
in pulimetres of mercury, serum brcacbonate and
blaat carbon dioxide content, botly expressed in mith.
moley per tre The vertwal hines indieate 3 one
standard error of the mean, Data for the 23 year de-
terrunations taken from  1inmilton and Shock {3936)

{I'rom  Shoch and Yienpst, 1030}

systematic age changes m the total osmotic pressure of the
plasma or its water content. The bicarbonate content of the
plasma and the pH do not show sigmificant age trends (Shoek
and Yiengst, 1950). Thus. under basal conditions the hdncy
is nble to regulate the aed-base equlibnum of the body
adequately, even to advanced nges (g, 12). Lewss and
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ehlonde prod dspl ts of the aad base
equihibrium 1n botb old and young subjeets However, young
ndisiduals ore able to read)ust equslibrum withun a period of
eght hours, followiag & simgle dose of 10 g. of ammenum
chlorde, whereas the older subjects require as much as 24-36
hours for the process (Shock and Yiengst, 1938) When
repeated daily doses of 1 & m equiv. ammonium ciondefkg.
body ht/day were ad t f to norrflal bjects for

w .

. .
foad of ammonium chlonde (Hilton, Goodbody and Kruesy,
1035) 1t was also foupd that the degree of metahalic acidosis
mduced by 8 standard dose of ammontum chlonide showed a
greater sevenity mn the older subjects than w the young., We
have now imtiated a study of age differences 1 the abiity of
the mdividual to regulate plasma and extracellular flmd

+ Cavuuclion an giserete renal dunctions with age, the kidney
retans swiioent eapatity o regulate both concentrations and

volumes faely closely under conditions of rest However,
when 1 displ are prod

T 7 d, age differ-
ences in the speed of readjustment appear
There are oby 1ously many other questions, such as age dif-

ferences in glomerulag permeatility end the netraty of speafie
icllu,lur enzymes w the haduey, which remam moanewaens
* L]

- T et st LU L5tSE ovy gen uptabe for hadney
t’ls;uc between the ages of 12 and 24 months mn the rat, these
&

when an {

7 pprop or cell
number 35 introduced There are, however, some specthio
enzymes suchoce ~ ~ 5 2

why
tion -
It

b weu uuseniations to mclude the
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after 12 hours of water deprivation falls from an average of
1-032 at nge 20 to 1-024 at age 80-90  Although the absolute
magnitude of the decrement 15 small, 1t 1s statistieally sigm
ficant (Lewis and Alving, 1938) nnd mndieates smpurment of
the concentrating ability of the hidney, which 1s no doubt a
reflection of the reduction sn T as reported from our stuthes

With regord to volume regulation, our obsersations on &
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Fio 13 Rtelationsfiup bLetween extrneclitfsr fluid apace (thios
eyanate space) and age ut males

(From dhock 1034)

series of 152 males fuled to demonstrate any systemntse
changes 1 exther plasma volume (Lohn and Shoch, 1949) or
m total extraccliular flnd volume (Shoch, Wathin and Yiengst,
1051) as estimated by thioeyanate deteruunations (Tigs 18
and 14}

Although the aged hadney has a capraty for mantmnng
acsd base cquihibrium of the plasma under resting conditions,
when an extra Joad 15 imposed upon 1t age differences appear,
Thus, for example, we have found that a single dose of
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P LR}

sioht hours, followng & single dose of 10 g oL sinlwurut:
c‘i‘\’\ande, whereas lhegolder subjects require as much as 2438
hours for the process (Shock and Yiengst, 1948} When
tepeated datly doses of 1 5 ma equiy. ammomum cldondefbg
body weghtfday were admmistered to normsl subjects for
4-14 days, readjustment of the acid hase equlibrian occursed
withw 5 7 days in the young subjects, but the aged subjects
(85~73 years) were unable to attamn equiibnium \mde'r this
\oad of srmomun chionde (Filton, Goadbody and Kruess,

1038} It was also found that the degree of metabolic acidosis
PRttt .
)

2 Lamala

the mdividunl to regulate plasma and extracelivlar fnd
solume following the imposition of an oncotic load.

Thus, the evidence now avaiable indicates that m spite of
the reduction mn discrete renal funchions with age, the kadney
retains suflicient capaeity to regulate both concentrations and
volumes faly closely under conditions of rest. Mowerver,
when Y dasp),

¥ ntal are produced, age differ-
ences 1» the speed of readjustment appear

There ate obviously many other questions, such as age &if
ferences in glamerular permeatnbty and the activity of specific
ccllular enzymes 1n the ladney, which remamn unsnswered.
Studies on ecllular cnzymes are now m progress 1 our Jabora-
tory, using the rat o3 an expenmental animal Although we
bave found a reduction n the totsl oxy gen uptake for hidney
tissue between the ages of 12 and 24 months 1w the rat, these
differences disappear when an appropnate eorrection for cell
number 15 wtroduced  There are, however, some specifie
enzymes, such as sucemovsdase, which show an age reduction
which 15 apparently not dependent on the number of func
tiontng eclls in the bidney preparation {Barrows et a?, 1957}
W1 our mim to evtend these obseriations to melude the
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capacity for concentrating specific substances, such as PAI, n
tissue shices removed from the kidneys of animals of different
ages It 1s thus apparent that a great deal of research re
mams to be done before we can interpret age changes n renal
physiology
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to a speaific gravity

Alving (1038, Amer i, : .

levels m 100 subjects aged 20 to 8§0. They found httle increment in

blood urea up to the age of about 70, but from 50 on it does increase in

their data.
T ..

: [N e e e
v, L I B
that the blood urea did not rise markedly in patients with low proten
intake unless the glomerular filtration mte decreased to Jess than 25-30
ml./min,; i your worh the glomerular filtration rate was far aboyve this
figure.

1 . P P N

poin? to a diversion of blood from the Hdne).'s due to this insufllcient

the cardiac output results that T showed you in the aycrage cune were
not determuncd on the same subjects as the renal functions. e are now
measuring cardiac output and renal function in the same subjects fumlﬂ-
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elderly having a reduced toletance 1v stress and burming 3 Jatgely a
stress aficetnd water and electrolytes The burd 15 a cony ement
measurable lesion, snd death oceurs with a progresswvely smaller mze
af humn with edvancing yests, which X thinh, probsbly represents an
impariany aspect of the ageing of 5 regulatian of water and salt

L X



218 Discussion

xlndivzduq}‘ in the rcngl serics was able to concentrate his urine nt least
Poe m s meesspen DUy Y e

3 . -
. ' o “ﬂ."l
. ; ! ' . it in
therr data. . sein
N ) o w & T e .
' . i o .

4 L] _'."..--.-

trl . . . "

that the blood urea did not nise marhedly i patients with Jow proten

intake unless the glomerular filtration mte decrensed to less than 25-30

fr)nl./mm.; in your work the glomerular filtration rate was far above {his
gure.

In congestiv e failure or other situations where cardiae output is inade-
quate, there 13 usually a decrease in renal blood flow, and an increase in
tubular reabsorption of water. The normal concentration test might
point to n diversion of blood from the kidneys due to this InsuMetent

eardiac output.
P A -, e e PRSI TP P}
. . - . .
. . . - . .- e
. . [
oo . ‘. n
. TS tawnon ]t canmetame that
. ’ o N
. .

- =ef —om 2 en plood urcn N 4
: oo showed that in
o - o uren clearance
T ** « chnienl experl-
Le e e aent it hont
il

r

¢

Borsi: Ul onuca, suse tan s .
N remanl hidneys®

- swure greater than

1brich ((Mbeleh ef

‘ . renal finctional



AcE AnD REvAL DISEASE 251

Renat growth and regeneration

Poth the tentative and the defintive foetal kudneys
develop from mesoderm, n mtimate relation with the gonads
So 1t 15 not altogether surprising that the adult Lidney
resembles the other transient hissues and ts hife cyele 1s not
completely synchronous with that of the rest of the body
(Kennedy, 1957) It would be disastrous to a species, of
course, 1f hidney and body got too far out of step, but any
tendency for this to happen duning reproductive hfe swould
be prevented by natural selection  There 15 some evidence,
howerer, that the hidney atrophies after the chmactene, and
1 some speeies such as the rat this may it Ife

Most mammals develep thewr full complement of nephrons
soon alter bith and postnatal growth of the kidney consists
chuefly of lengthening of 1ts tubules, at first by the growth of
new eells and tater by hypertrophy of existing ones When a
ot 15 sbout six months old or 2 man about 30 years, the
number of glomerult an therr hidneys begins to decrease, and
it may {all to half the young adult value, without pathologteal
change, by tighteen months old 1n the rat or seventy years ;n
the man {\ratals 1996, Moare, 1931, Roessle and Roulet,
1932) Moore and Hellman (1980} show ed that removiag one
Lidsey froma rat did not slow down the loss of Aephrons from
the other so that myolution of the kidney 15 an even mare
relentless process than that of the oy ary, where removal of one
ehand does debay Ve Yoss of ouey tes from the other {Mandl and
/uikcnn;n. 1931}

Mowadays cherreal analvsis can be used to supplemen
tintology, 1o <e*ermimng the number and size of thepcill?m :t:.
tissue This 1s beeause one of the two forms of nuclete acds
etlls deavynibonuclere acid or DNA 1s confined to the nucles,
8y l;w ame eugaests Wwoowght o e, while the other, nbo‘
nuelye aeid or RN, 15 distributed with the bulk :)f the

otdinary protemn th
BN and grotew ;::ughmxt the eytoplasm  So if DNA,

determined at diffe
' hfferent; stages ¢
the growth of & tissue, 1, 1« posuble to t}u&mgms%xebﬂ‘:\?ercli



AGE AND RENAL DISEASL

G C KennNepy

Medical Research Councl Department of Fiz erumental Me hene
Umersity of Cambri Ige

Introduction

SENESCENCE has sometimes been deseribed as o deteriora
tion 1n homeostasts Dr Shoch showed us that the deteriora
tion may be due to fathing renal function, and this reopens an
old question of whether the hidney cells themselves are fess
able to do their work in old people, or whether diseases of the
hidney beecome more frequent with advaneing age It seems
generally agreed that pathologieal lesions, particularly of the
renal vessels, are very commonly found post mortem 1n old
people 1n whom they were unsuspected during hfe  Olver
(1042) resiewed the controversy as to whether these lestons
onginate from a primary atrophy of the kiduey, or are merels
one of the results of generahzed arteriosclerosts e deaided
in favour of arteriosclerosts  The other view, that the hidney
dies piccemenl, will be re examined here beeause it seems
possible to show that the death of some neplirons leads to
pathologieal changes iy the survnors, and some mdirect
ways m which this may happen will be suggested

One can raise objections to any theory of agemng  The
major defect of the defimtion i terms of homcostasis, 1t seems
to the present author, 1s that the newborn anmal finds at just
as diflicult to mamtain a stable internal environment under
stress as docs the semile one  An eolder defimtion by Yhnot
(1908}, m more structural terms desertbed sencscence as thic
gradual loss by dilferentiated cells, throughout Lfe, of the
ability to grow and to regencrate  Thisaden apphes espeetally
well to the hidney, as we shall see

2,0
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ludneys of the six month old rats. It may be emphasized
that these findings accord very well with Mmot’s definition
of agemg  As will be shown later, hyperplasia can and does
occur jn the tubules of older rats, but 1t does not then repre-
sent the normal primary response to loss of moderate amounts
of renal tissue, and some addstional stimulus, possibly endo-
enne i nature, 1s probably mvolved

Renat Senescence

The compensatary changes that we have been considering
are self miting, and once they have been achues ed, the kdney
undergoes no further changes for many months, A different

sort of tubular change will now be considered In rats halled
after 18 months of ape wam ank et L} LA

w occastonal tubules,
tanapally the provum

regular, orderly growth of cells i young rats’ hidneys At
s age a 3ot of nephrons have alresdy disappeared, but one
sould expect the surying tubules to compensate for thewr
}oss by hypertrophy rather than hyperplasia  Further, this
t‘\n»n;hm i agemng hadney s appears to be destructive rather
ru\““ helpful, beenuse the tubules are often blocked and

netionless and eventually become dilated b

hyaline casts
As age inereases stll further th )’

e hid b
enlarged and granular m o o mcros E"e"‘ﬂy
they show ey 1a} ‘

an preally
ronie interstibial fibrosts, generalized tul

ngzmhor;i and hyaline of fbrotie chang%:s m the glnu‘x):rlli‘lf
dm:;:’a <f vessels  These hustologieal changes have been
o l"..lmd lustrated more fully elsewhere (Kennedy,
s 3T The terminal appearance has been stodied by
"Ttrom patholomsts, but since no two anren An g st 3

s i,

1952} have alf beon u::t;“ 7 senle nephrosclerosis {Obver,



252 G. C. Kenneoy

an increase in nuclei, or hyperplasia, and an increase of
eytoplasm, or hypertrophy. This method has shown that the
principal increase in the number of nuclei in the Lidney of
the rat occurs during the first three months of life, pari passu
with the main growth of the skeleton, and this agrees well
with histological findings.

There is o conflict of evidence about regeneration, however.
Rollason (1019) showed Iustologically that mtosis began in
the surviving hidney within forty-cight hours of unilateral
nephrectomy, whercas Mandel, Mandel and Jacob (1950)

Table 1

THL I IFECT OF UNILATI RAL NI PURTCTOMY ON TRE COMPOSITION OF
THI BURVIVING BIDNLY IN RATS AT DIFFTRENT AGFS

Interval Total RBNA AV
Ageat before Group mirogen  phosphorus  photphorus
Operation  Kulhing {mg per “{mg.per  {mg per
hdney) Ardney) Ardney)
Control (not 13 0 273 0163
One Two operated)
Month  Viecks Kidney 180 0 2 0213
rcmosed
Three Srx { Control 104 0 78 0 18)
Months Weehs hadney 20 4 0 188 022
1 remot e
Six Sy j Contrnl 28 1 0 587 023
Months Weeks Kidney Ho o0 717 024
| removed

were unable to show any mcrense m hidney DNA even three
wechs after the same operntion. The difference apparently
depends on the age of the ammals, Table I jllustrates 8
comparison made by the present author of the cﬂ't‘t‘!l.Of
unilateral nephrectomy on the composition of the surviving
Lidney 1n onc-month, threc-month and six-month old rats.
In the youngest group, wluch were abond the same sge 02
Rollason used, there was a rapid increase m DNA phosphorus.
In the middle group the DNA mercased less than the INA
and the mtrogen, and more slowly, g5 Mandcl, Mandel and
Jacob had found. No hyperplasia at all occurred 1n the
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Lidneys of the six-month-old rats. It may be emphasized
that these findings accord very well with Minot’s definition
of agemg. As will be shown later, hyperplasia can and does
oceur in the tubules of older rats, but 1t does not then repre-
sent the normal primary resp to loss of mod

of renal tissue, and some additional stimulus, possibly endo-
erine m nature, is probably involved.

Renal Senescence

Tha anmem = ¢ .ot

2uit ul lubular change will now be constdered. In rats hilled

after 18 wnmcta . r
i«
pruc .

egludl, utuerty growth of cells in young rats’ kidneys. At
thus age a lot of nephrons have already disappeared, but one
would expect the surviving tubules ta compensate for their
1055 by hypertrophy rather than hyperplasia. Further, this
hyperplasia i ageing hidneys appears to be destructive rather
than helpfi, because the tubules are often blocked and
functionless and eventually become drlated by hyaline casts.
As age mereas

il b
enlasged g s stll further the hadaeys become gre.xt‘ly

they show chrome nterstitial ﬁbmsx;,
dilatation, ang hyalme or fibrotie chan,
end smaller vessels, These lustologu
deicnbed and tlustrated more fult
103Y, 195%), The termunal appearan

numergus pathologsts, \4
anttornucy ists, but smee no

and P

generalized tubular
ges m the glomeruh
cal changes have been

ce has been studied l;y
n two agree on 2 morbid
bere, Hagnos1s, there 1s no need to add to the confusion

- 1he terms chrome glomerulonephnts {Wilens and

Sproul, 1938), nephros -
nephntis (Goldb!zftt. 1‘3 e, 2od kel 1941), pyelo-

1902} have g1t beon used7) and senile nephrasclerosis (Qlsver,
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an increase in nuclej, or hyperplasia, and an inerease of
cytoplasm, or hypertrophy. This method has shown that the
principal increase jn the number of nuclei in the Kidney of
the rat occurs during the first three months of life, pari passu
with the main growth of the sheleton, and this ngrees well
with histologieal findings.

There is a conflict of evidenee about regeneration, howeser.
Rollason (1919} showed histologically that mitosis began
the surviving hidney within forty-cight hours of unilateral
nephrectomy, whereas Mandel, Mandel and Jacob (1950)

Table I

THL 1 ITICT OF UNILATFRAI NI PIRFCTOMY ON THT CONPOSITION OF
TUE SURVIVING RIDNEY 1N RATS AT DIFFI RENT AGFS

Interval Total iyt Dyt
Age al before Group nutrogen  photphorus phosphorus
Operation Kalling (mg per (mg per " (mg per
lidney)  adney)  Kidney)
Control (not nasa 0 273 0 163
One Two operated)
Month Viechs Kidney 180 0 123 0 213
removed
Three S § Control 10 3 o a8 0 153
Months Weeka Iudney 204 0 88 oz
1 rmnoved
Six Six ‘ Control ELI 0 597 0231
AMonths Veehs Kidney no 0Ny o2
{  removed

were unable to show any mercase m hidney DNA even three
weehs after the same operation. The difference apparently
depends on the age of the antmals. Table I illustrates a
comparison made by the present nuthor of the effect of
unilateral nephrectomy on the composition of the surviving
kidney 1n onc-month, three-month and six-month-old rats.
In the youngest group, wiich were about the same age as
Rollason used, there was a rapid tnerease in DNA phosphorus.
In the middle group the DNA mncrcased less than the RNA
and the nitrogen, and more slowly, as Mandel, Mandd and
Jacob had found. No hyperphwin at all occurred in the



o
AGE avp Resast Disease 253

the normaily fed
adiposity and abnormal fat metabohsm If

mtfo mt{ one hidney were to deselop the same pathological
renal changes as the overfed rats with two, then 1t would be
reasonable o attnbute the lesions to some effect associated

Table 11
COXMPOCTTION OF THE KIGNEYS OF OBESE RATS OR OF RATS WiTH ONE
EIDVEY REMOYED AT THREE AND SIX WEEKS APTER OPERATION

Total Ry 1 DN
T me from Group nRrogen phosphorus  phasphorus
operition per (mg per {mg per
R - Todna))
Coutrol {not 194 0378 © 183
operated on)
T dney wved 278 o s a Mo
oo ek ‘%‘bm“m 29 9 D 483 Q22
Stx weeks hadney removed Z3 4 ¢ 516 © 289
1 Obese 232 0 532 0 308

with overloading They did develop the lesions a4 the same
tine as the obese rats at an average age of 15 months
Table TiTllustrates the changes in composition of the badneys
12 months after carrying out each type of operation on three

Table 111
CouPOSITION OF TUE KIDVEYS OF UBESE ANTMALE OR OF ANTMALS
WITE OVE RIONEN REVIOED TWELYE MOWTHS AFTER OPERATION
{OPERATED AT THBEE MONTHS OF AGE)

Foial RAA DNA
Group nrogen Phospharus phosphorus
{mg per img {mg per
Iadney) Radney) Ludney)
Control (not operated on! 3 0 73 &
Koy remoned " B 15 o 50
Obese g 1972 ° s

month ald ammals Note that n each ease the final renal
breahdown nem —

the peryod
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The pathological renal changes in old rats are almost 1n
variably accompamed by great enlargement of the adrenals
frequently by parathyrord hyperplasia, and m the later
stages, at least, by cardiac hypertrophy and hypertension
Before considening further which 1s eause and which 1s effeet,
a deseription will be miven of a number of ways m which
stmular renal lesions can be produced 1n much vounger rats in
association with the same endocrine and vascular changes

“Senile"” changes after renal overloading
in younger rats

The first conditton m which these lesions were found m
fatrly voung rats was i experimental hy pothalanuc obesity
When the ventromedial part of the hypothalamus 1s des
troyed electroly tically, the appetite of a rat may be doubled
for several weehs and the ammal becomes grotesquely fat In
view of the association of chnieal obesity with renal discase
and hy pertension 1t 1s intcresting that most of these fat rats
developed typrenl semile hidney Iesions about nine months
carlier than unoperated controls (hennedy 1951) If the
ammals wcre operated on at three months old they survived
mne to 12 months before pathologieal lesions appeared 1n the
Kidncys but the hidneys became enlarged during the pertod
of overfeeding soon after the hy pothalanue puncture  Moise
and Smith (1927) and Addis and Olnver (Olner 1015) showed
that the renal enlargement produced by a high protemn dict
m rats could eventually cause pathologieal changes and 1t
seemed possible that this might be the way sn which the hid
neys were damaged m hy pothalamic overfeeding  As o first
step an examination was made of the chemieal changes in the
Jadneys durmg the earhier stages of development of the
obesity, while the food itake was very g h In Table 11
these are compared with the changes found previousty in the
suniung hidnevs after unilaternl nephrectomy  and they
folloned an almost sdentical pattern  This suggested a con
ventent way torsolate the effect of sunple hidney overloading
duning overfeeding from any possible ¢lfect of the subsequent
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among the measures that Selye uses, as he says, io"‘sensnhzc"
the rat to the damagng effect of hormones Nev ertheless,
e have found that no overgronth of the Jadney occurs ;M
bypophysectomuzed rats with by pothalamie lesions, although
they stall have mereased appetites and other txssuc#,‘such as
the hiver and gastromntestinal tract, hypertropby {Kennedy
and Parrott, 1958) Wealso confirmed, as Winte, Hembecher
and Rolff (1041) fixst showed, that compensatory gron thafter
partial ¥ required the af the pitutary
Howerer, the late renal changes m our rats were nssociated
with a catabolte rather than an anabolic state of the body asa
whale, 50 1t seems unlihely that growth hormone was bemng
secreted mn exeess

There remams the possibitiy that adremil overactnity
plays a part i the final renal breakdown  Adrensl enlarge
ment and the nephrotse character of the renal defeet (Saxton
snd hamball 19431) bhave been mentioned A pumber of
norhers lave shown that complete or extensice partial
nephrectomy 15 foliowed by creased urea production
{Bondy and Engel 1947 Persihe and Addis 1949, Persihe,
1856 McCance and Yornson 1958) This has recently been
shotwn to be due to mereased protein catabelism w the lner
(Sefters hatz and Marmorston 1957), so 1t may well be a
result of increased adrenal activity  Qverdosage with adrenal
stercads can certainly canse renal breakdown nesnn ntel n st

= s b tusn) ussoctated with such experiments We have
learned hitle from the serum electrotytes of our rats ecause
any changes that mught mipheate the adreual are obseured
by the general electrolyte retention of meprent uraenua
Mornson and Gerdon (197} howes er, bave shown that
wmereased urea everetion durnng starvation occurs both 1w
pastally nephrectomized and semle rats before ohivrous renal
damage and 15 accompanied by an mereased potassiym lnss
. :l\r'\mﬂm ‘mnupn\ ) effect that may basten the end of the

‘?mx: “\ipmwsmn, slthough agamn the exact relation
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ammal ot operation, and 1 fact the age at wieh the final
breahdown occurred was almost constant To take the
extreme case, rats over a year old frequenth fmled to estab
hsh any new renal cquilibrium after either ty pe of ov erjoading,
but rimdly developed pathologieal lesions

The age at wlich rennl fatlure oceurred was adiauced still
further by mereasing the rens! loading, aither by a more
eatensive partiel nephrectomy, or by combmng undteral
nephrectomy with overfeeding It 15 sometimes smd that
different species tolerate the remosal of delerent proportions
of their renal tissue 1t 1s difficult to see how o valid compan
san can be made when the entieal amount of hidney degends
so much on the age of the ammal We found that weanhing
rats recovered and surinved for many months after losing
five sixths of their hidneys, while nume month old adults
often dey cloped acute tubular necrosss after the same opera
tion A probable explanation for the Iatent peniod iy the
younger anumals 15 that it represents the ime for the fusther
loss of nephrons due to ageing ta reduce the as aidable hsdney
Dbefow the ertieal lesel It remains to consider the part played
by the assoomted metabolie and endocrme disturbance 1
destroving the hadney

Endocrine stimuli to renaf fiy perpiasia

A number of hormones are renotroplic  lhey melude
growth hormone (White Mewmbecher nnd Rolff, 1019)
thyroid hormene (Korenchevshy and Hall, 1943) and testo
sterons (Korenchevshy and How 1040} Ihe results of
treatment with growth hormone are particularly suggestive
Acute overdosage can lead to sapd hidney destruction but
treatment of a young mat for only a few davs apparently
cyusiag, no damage at the tune can lead ta the appeamnee of
pathological lestons months later (Selve 1051) From the
hrted desersptions and photographs nsaslable no difference
can be seen between these and the spontancous Iesions of
older rats or those which develop aftes partinl nephirectomy
Interpretation is comphicated beeause partial nephrectomy s
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»
among the measures that Selye uses, ashe says, to‘ “sensitize
She rob to the demaging effect of hormones Nev ertheless,
we have found that no overgronth of the hadney oceurs in
bypophy sectormized rats with hypothalamie Yesions, although
thes still have 1nereased appetites, and other hssuzs,vsuch as
the hver sod gastromntestmal tract, Typertrophy {Kennedy
and Parrott, 1058) We also confirmed, a3 T nte, Hembecher
and Rolff (1941) first showed, that compensatory growth after
partial neph y sequired the af the ptwtary
Howeyer, the late renal changes m our rats were assaciated
mith a catabolte rather than an anabolic state of the body asn
whole, 5o 1t seems unlikely that growth hormone was bemng
secreted sn excess

There remams the possibhity that adrenal overachwity
plays a part i the final renal breahdown  Adrenn! enlyge-
ment and the nephrotie character of the renal defect (Saxton
and Kumball, 1941} have been mentsoned A aumber of
wothers have shown that complete or extensive partial
nephrectomy 1s followed by increased urea production
{Bondy +nd Engel, 1847, Persihe and Addis, 1548, Persihe,
1850 McCance and Mornson, 1956) This has recently been
shown to be due to mereased protein catabolism in the liser
{Sedters Katz and Marmorston, 1057), so 1t may well be a
result of mereased adrenal activity  QOverdasage with advenal
sterods ean certzunly cause renal breakdown assnmate 1w

o e '

® % wepussutidteg With such expeniments  We have
tearned ittle from the serum electroly tes of our rats because
wny changes that might impheate the adrenal are obscured
by the general electrolyte retention of eaprent uracrin
Mornison and Gorden (1857} however, have shown that
mereased wea exesetion dunng starvation oceurs bath m
pastially nephrectomized and senile yats before obsious renal
damage and 1s panied by an i Tosy

Another renoprival effect that may hasten rthe end of the
budney 1 hypertension, though agun the exact relation
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ammal at operation, and 1n fact the age at which the final
breakdown occwrred was almost constant To tahe the
exfreme case, rats over a year old frequently failed to estab
hish any new renal equilibrium after exther type of overJoading,
but rapidly developed pathological lesions

The age at which renal faitlure occurred was advanced stiil
further by increasing the renal loading, either by a more
extensive partial nephrectomy, or by combimng unilateral
nephrectomy with overfeeding It 15 sometimes said that
different speeies tolerate the removal of different proportions
of their renal tissue It 1s difficult to see how a valid compan
son can be made when the critical amount of kidney depends
50 much on the age of the animal We found that weanling
rats recovered and survived for many months after losing
five-sixths of therr kidneys, whie nme month old adults
often developed acute tubular necross after the same opera
tion A probable explanation for the latent peniod in the
younger ammals 1s that 1t represents the time for the further
loss of nephrons due to ageing to reduce the available kidney
below the cnitical level It remains to consider the part played
by the associated metabolie and endocrine disturbance m
destroying the kidney

Endocrine stimul: to renal hyperplasia

A number of hormones are renotroplic They include
growth hormone (Wiite, Hembecker and Rolff, 1949),
thyroid hormone (Korenchevsky and Hall, 1944) and testo
sterone (Korenchevsky and Ross 1940) The results of
treatment with growth hormone are particularly suggestive
Acute overdosage can Jead to rapid Jadney destruction, but
treatment of a young rat for only a few days, apparently
causing no damage at the time, can lead to the appearance of
pathological lesions months later (Selye, 1951) From the
Jimited deseniptions and photographs asvailable no difference
can be seen between these and the spontaneous Jesions of
older rats or those which develop after partial nephrectomy

Interpretation 1s complicated b partial nephrectomy 1s
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suggested that the loss of renal tissue 1 exeess of 8 entieal
amount Jeads to additional renotrophic stimuli, probably
related to oy eractivaty of the adrenal cortex and to hyperten

ston, which hasten the end of the remasming nephrons.
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betwcen ciuse and effect 1s uncertam  Vlson and Byrom
(1939, 1941) showed that the production of hy pertension by
“clippmg” one hidney could lead after a prolonged latent
pertod to pathological lesions i the other hadney They
attributed these lesions to hypertenston, because ther
development seemed to be arrested and the hypertension
cured by removing the ischaemie hidney Goldblatt {1947)
paointed out that all the lesions Wilson and Byrom had de-
senbed could occur spontancously mn rats without hy perten
sion  More recent work, reviewed by Floyer (1957), suggests
that remos al of the ehp, so restoring some of the lost excretory
function, 1s a much better protectivc measure than removing
the 1schaemie hidney, which frequently merenses the hyper
tension The mmportance of extrarenal or renoprival factors
m producmg permanent hy pertension now seems well estab
Dished and certamly fits with our experience, and apparently
with Goldblatt’s, that hypertension and vascular changes are
a late feature of the spontancous renal discase of rats

Much remams to be done, but 1t 1s hoped that some pro
gress has been made towards estabhshing the thesis, stated at
the beginming of this paper, that the essential vicrous ¢y cle of
renal disease i old age, 1t one species at least, 15 the destruc
tion of survivng nephrons by overloading after the normal
renal atrophy of old age has reached a enitical stage

Summary

The Lidney of the rat and of most mammals including man,
beguns to atrophy while the animalis stilf young  Pathologieal
changes in the hidney become more frequent during m olutron
Irrezular and apparently purposeless hyperplasia of tubular
cells 1s & promunent feature of such lesions Hyperplasia
oeoars ™ Ahe 4ubules of growing rats both s part of normal
develop t and as & resp to n moderate merease m the
exerctory load, but 1t 1s hot normally scen after the mam
growth of the sheleton 1s completed The sumulus to normal
renal growth probably anses an the pitwtary gland It as
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(less than 20 g dady) T hste no cotnparison mﬂll -, ; xl

who continted eatig normal o~

that our patients o . .

nausea usually disag . . , . e
A S
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2 shght nse 1 sen . 1 poor diet does not

prevent agTac Howeverthus deeline

1 usually slo » «tan years of useful hife
Alugh d{asto » wasuit, 15 8 very bad prognostic factor As long
28 we have no ontrel group we tonnot producs seavineing e\*xdcncc‘
that an untreated pattent will not Ine &s Jong as our ‘maltreated
tients

pa}“m"dy Ifase you done any Iner fanction tests in a sttuation where
serum albunun 15 falling in spite of & bagh protem intake, Prol BorstY
“There moy be a possible copneion with the increased fner protem
breahdown when one romos es the kidney {Sellers, Katz and Marmarstan,
{1857} dmer I Physol, 191, 345}

Borst No Iner function tests were done, and we only have data on
the serurm protemns  There 18 10 wnereased vy globulin as 19 nsually found
1n chironie hepato-ceNiular disease Ve had, howeter, some evidence of 8
Acletertoys effent of the Jow protem doet More cases of lubereulosws were
seen than would be expected 1n simifar patients on a normal proten diet
and two px died from suhary tubercul robality th mely
low protew diet reduces the resistance against the tubercle bacillus in
spite of the fact that the patients do not lose weight

Taltot How do you define s low proten thet?

Borst 1113 tess than 20 g /day To control the diet and determne
whether or not the patient adherts to 11, 24 hour unue portians are
regularly examined for mtrogen exeretion %9 ¢ also determine ereatinome
exeretion to be sure that wnne collection is complete The 24hour
crentuune output is very constant This output 1s determuned for every
kadney patient during chmcal observabion, and we use the figures for
companson with the attrogen output when the patients are under conirol
m the ont patient department  Many adhere 1o the diet and go along
very well for several years

Fejfor We have had s;:tz‘ula! evpenenees 1t Czechoslovalia  This

n the Thomas A

Glomenilonephntis Diagnosis and Treatment New York g?a[:m(a;;s)
who showed that partially nephrectomized rats kept on o higher proten
tntake could not suntie as long as the ammals with a low protem
diet We therefore started to use 5 low Preten deet 1 all patients wth
chronie glomerulonephntis Usually wegise © 5-0 7 & Ik body werght
per day in the diet (but na less than§ S fox ) phus the amount ‘;g
the urae Qf course, cluldren and those with the nephratic syndsms
‘m“‘ﬁ‘&f!‘ s f protemn Itwsvery Judgelong ‘m;
- mmt‘ :: 2;1 0o control group for this treatment Ne:

vertheless we
s bow proter duet. Yomy the lfe of patients with chronic nephintis on
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Seer Y ow sud that tlas renal damage s the obese mt nught ben
question of protein overfondmg  Dud vou tn feeding these mits on an
tsecalorie dact But with hadf the protesn content?

Aennedy 1 have tred 1t as o short term experment but § did not
eares it to ats lomenl concluaon  {hiere wag ne renotropine cffeet

Suyer Over feeding 3s 3tsof n stressful actisty n the Selyaaan sepse
and that alone ms ht Jead to adrenal over actinity Certamh there s
climiesl evidence that & may  Obese people who give cvidence of in
cresed adrenal sterond production man cense ta do <o after they e
been put on n daet and finve had ther neglt brought donn to normat

hoenmedy To snvwer that I mast chalienge the question of nhetherm
fact stress erver produces renal loaions o the st ¥ ean do that quickl
Dy quotmg wome reeent work by Crane Baher and In fe (1038 7 ndo-
cranology 62, X6 and Crane and Ingle I sdennology 62, £73) who
hwve studied o large mumber of so enlicd stresses winch sound gmte
Yubare and buae found thit the onhy enc whick produces what Selye
coalls the sirened hudoey 15 exposure to cold  Sehve has alwavs <aid
that this s the most effecive ek these worhers now 57y that 1t the
onhy effcetsve stress  Under those eireumstances the rats eat twiee a8
much food  If they are then fod socalorteath  as yon suggest with 4
gk calor diet made up with earhohwimte and fat they do not
develop lesions  These worhers attnbute rennl lewions to overloding
with szt I chowse protom

Taltot Wil you take this sz cvidence m fnour of restoetng the
protew witahe of patients with handiag ped renal funchiony

Kennedy 1 can <ee thet 1t venld be o dangerous thing te press o
trophie stimulus hke a tich protein miahe too far i an attempt to get
recovery  Are you thmlang of ehwonie tenal dineise or & recovery from
aeute damnge?

Talbot Bath
Bennedy Parely from i own fndings I would has ¢ smid that 1 eonld

see no pornt n producing additional renal Lrowth m tnang to help
recorery of the kidnes by giving a hueh protemn dict if the objeet wav
amply to replace protem lost frony the body then s results of course
are nat relevant X thank the problem of a huth protein mishe has te be
studied from thys pont of view on the buman and we cannot answer
fram the wotk on the rat  Moreoner them mry be a totalhy dfferent
Timutation to the structural renaf reserve m the rat winch bas & haduey
of completely different anatonucal elimmeter

Dordd Vic treat al pattents with a hudney function of fess than 10 per
cont of normal with a et adequate i ealories but very poorn proten
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.

Richet: 113 populations that are said to eat a Jot of proteins, for in-
stance Eskimos, what is the state of the kidney? Do such people
often die from chronie nephritis? They are generaily said to eat 5,000

cal./day, mostly fat and proteins.
e~ Te 1 - P M I T Lt
. .-, ' . L} - .
a man of sbout 10-43.
Tt A Qe el T ol - ekl VT Y fnen T feean mad fev
“wr ) - : A [ ‘
Y n . e

Dr. Talbot, you mentioned the amount of protein ghen in cases of
chronic nephritis, In Pans we put some chironic nephritic patients on an
O e - . T

they would never live anyway; we prefer to have a patient wath perhaps
a shorter fe, but healthy, than the other way round.

Fourman: Dr. Kennedy, why did you imply a relationship between
eatabolic reactions, adrenal hyperplastt and Selye's results with cor-
texone acetate?

Kennedy: The catabolism would require over-sceretion of Compound
T, of eourse. Ioweser, Hechter and Pincus (1054, Physiol Rev., 34, 159)

DA A P D S A A

results with cortexone acctate?
Kennedy: Yes, m that cortexone acetate was the partreular sterord
: L) .

- = stassmun depletion are simular in

potassnun depiettol) ang vl
* young rats and vwere unable
" = rconclusively at Cambridge.
~ to permanent damage from
h Dr. Y'ourman's suggestions

\ . ' Iye,

repeated these cvpcnmcnsq with ducl‘nry
\ . . . .
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Kennedy Dr Fourman and T have Iocked at pallassium-dcﬁcle{xt
VAl T T L e e ey

that

Fsrvmon « That coamn bn

be worse 1n older rats .
Wl;legnzdy. It is & vesous eycle and we are coming 1nto 1t at different
3

\



RENAL I'UNCTION IN RLCSPIRATORY FAILURE

D A K Buacs

Depariment of Medicne Royal Iofiemary, University of Wanchester

WiTh mereasing age, the functional capacity of the lungs
and of the hidneys dechnes  Respiration 15 embarrassed by
mereasing ngmdity of the chest wall, and there 15 also an
merease m the respiratory dead space of the lung itself i
older subjects (Comroe et al , 1955) The hudneys lose efficiency
m consequence of o progressiv e loss of nephrons, which may
reduce the nephron population to 60 per cent of the ongmal
number, the impurment of renal function 1s mdicated by &
fall in the elearance of mulin and of p aminoluppurate, and 1
the masumal reabsorpteve enpacity for glicose (Tmg) (Shoch,
1952) The blood pI m old people 15 a little Iower, and thewr
plasma returns more slowly to its previous level after imposed
loads of erther acid or alhah  These various encroachments
on functional reserve are probably of no great moment n
healthy old folk leading a normal Ife, but they are brought
mto pronunence when respiratory function ts pitholoneally
mpared by the related changes of chromie bronelutss,
bronchospasm, and emphysema  In an urban population, the
meidence of ehironte bronchitis 1 old people has been found
to be 40 per cent (Sheldon, 1948), this common tliness leads
m trme to gross resprratory fulure, with the patient affheted
by anota, hy pereapnia, and mereased pulmonary vascular
resistance n varying degrees  There are several ways m wlich
advanced respiratory fwilure ean increase the demands on
the Mdneys, and also dmmnish ther functional eapacity
Tlus commumication outhnes the effects on renal function of
chrome hypereapma and of cardiac fulure sccondary to

emphysema {eor pulmonaic) -
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Hypercapna  The effects of acute hypercapma, usually

n\iil\)med gy inhalation of 5-10 per cent COy have been

reviewed by Pitts (1953) Thereisa fall in plasma pH and &

nise i pCO, the urme formed 15 acrd, and the reabsarption

of filtered biearhonate 15 virtually complete, although the

amount of filtered icarbonate has been fmz:teasfd. by the
tnl 3 Eal t of I

re
ak;saxpnon 15 the most stnhing change in xenal performance

induced by acute hypereapnia and it persists when the fall m
plasma pH 15 prevented by infusion of bicarbonate, so that in
this context mse m pCO; seems to be the more xelevant

stimulus to biearbonate reabsorption The reabsorption of
bicarbonate 1s also d in subjects depleted

3 pleted af p

1m whom ntraceliular pH 1s probably decreased, so 1t seems
quite hhely that the effect of rased pCO, on bicarbonate
reabsorption 1s mediated by s fll 1n the pH of the renal
tubule cells  Apart from this rather stnkmg change
carbovate excretion the output of electrolytes 15 not
sigmfieantly affected by short pertods of hypercapua,
although there 1s a transient water duwresis (Barbour ef ol ,

1953)

It s vot clear how far the information obtamed from
studses of arute hypercapmia can be applied to the situation
of chsome hypercapmia found m emphy patients
Here s steady state has been established at a new level of
plasma pH and biearbonate concentration The electrolyte
CZTPOme‘ (;t’ plasma and red cells 1 emphvsematn <
gl‘
ac N
exampls % &
patient
lower t

s ambon (patts and Greaves 1957) Foe

pua oty 8LdosIs
There are few obseryations on the renal

respouse to chronse
rcrsguatnry ocidosis 1 man  As part of a study on the effect
ofDiamox Nadell{1923)reports observations on 24 haur specy
mens of urine from two patients with respiratory acdoss



266 D A X Buaca

The mean urinary pH i these two patients was 6 26and 6 67,
no more acid than specimens from two ‘contrals’ with mean
pH of 6 18 and 6 20 The mean excretions of bicarbonate
were 7 5 and 15 2 m molef/day, compared with 10 1 and
4 8 m mole/day n controls Ammonum excretion was some
what higher, and titratable acidity somewbhat lower i the
patients with respiratory acidosis than mn the controls, and it
has been reported that renal glutaminase 15 inereased m
experimental respiratory acidosis There were no strihing
differences m 2t hour output of sodium, potassum or
chloride These findings are consistent with the view that
renal adaptation has included increased synthesis of ammoni
allowing the excrchion of hydrion at a ugher unine pH than
in acute respiratory acidosis, without increase in urinary
buffer (the excretion of phosphate was lower than mn the
controls)

In preliminary obseryations on four patients with respira
tory acidosis, my colleague Dr J Timoner has found a pIf
range i urine of § 1 to 6 7, with ammonium excretion up to
65 . equiv /fmin and titratable acidity up to 60 w equiy /run
After a standard load of ammonium chloride (0 1 g /hg body
weight), two patients exercted 76 5 and 81 5 pequun of
ammonta, and 26 3 and 46 2 g cquiv of titratable acxd per
migute  The ammonium cxeretion 1s just above the normal
range found by Davies and Wrong (1957) These two patients
were aged 57 and 60, and seem to have retamed the capacity
of the renal tubule eells to form ammoma n responsc to an
acid stimulus
Renal function in cor pulmonale In the cardiac failure
associated with emphysema the cardiac output 1s commonly
increased, and the patient has warm extremitics  Termmally,
the hmbs become cold, the blood pressure falls and the
cordine output at tlis stage 15 reduced Davies and Kil
patrick (1951) showed that even in the high output phase of
cor pulmcnnlc the erreulation through the hudneys and the
glomerular filtration rate were substantially dimnmshed
These findings have been confirmed by Lew:s and his co
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warhers (1052) A moderate degree of urea retention, pre
sumably on the basts of relative renal 1schaema, 1s common
m cor pulmonale {Stmpson, 1957), as 1 other forms of heart
falure In patients dying from heart failure, the output of
unne may be reduced to below 500 ml fday, but complete
suppression of urme does not seem to have been recorded,
even 1 the terminal stages It 1s perhaps of some nterest,
thercfore, that over the past ten years we have seen two
patients, both with cor pu\mnmﬂe, who became anume
(Black and Stanbury, 1958) One of them, a girl of 20 with
widespread 1 hiectasis and a 1 bronct

bad an eight day period of extreme ohiguna, dunng which
her blood urea rose to 158 mg /100 ml She was treated
conservatively, urme was again formed, and the blood ures
fell to 76 mg /100 m} She contnued to pass conmderable
amounts of dilute urine until her death a week after the end
of the anunic period  The second patient, a man of 44, passed
1o unne for over 24 hours, and had no urme 1 s bladder
after death Both these patients had hypotension and cold
extremities, and were presumably m the low output phase of
cor pulmonale, but cardiae output could not of course be
measured  Both of them had central eyanosis, but only the
second had 2 rarsed pCO, n the plasma  The man factor i
€ausIng anuna was probably renal 1schaerma,

but this ma;

ha]v’etlgeetx; Tt d by artenal & 10n 4
oth these patients had hyperkalaem: d

ol P! aemma and low plasma

association 1s faurly common 1 patients with
neute ranal & 1

- pusuar iejgacement by sodium

cse observations 1n patients with termunal cor pulmonale
are hp;osslbly of ittle more than acaderme mterest, but they
perl psf constitute yet angther argument for the early treat
rs‘:i‘:‘t t: ‘mlcrcurrenl nfections 1n patients with et
b
P ' v uutput taslure
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DISCUSSION
AMuine: Iam not convinced, Dr Rlach, that the anuna you mcqﬁoncd
i . .
f . : .
Sl e e e

. . e
. L . ' ol
dary staphy lococeal A severe res 3 infection of ttsdil
in some cascs seems to be able to preeipitate anuna, and I myself prefer
to relate your cxperience to infection rather than to the biochemical

clinnges of chrante respiratory acudasis,
. ‘ Vs - Ttoseseee [V oesn tremendous pespeet for

L . . ! 1o think we shonld avoid

- ' b - « To the chemist brcar-

' . e © 13 a base atself Bircar-
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' ' ldonot
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whatsoen er of clrome respiratory disease, and that a severe zespiratory
infection, for some Teason that T do not know, may cause acute tubular
necrosis, for which there 19 autopsy proof in ane case.
Blath This would really bring 1t mto the whole group of penpheral
erreulatory changes . .
MeCance Thus seems to me » matter which is wide open to experi-

Horgt Ve have fust k24 an autopsy on 6 very ohese patient who died
with bilatera! cortics} peerosmis 1 am asharaed 1o say that she had been
under-exsmmned  As i Dr. Blaek’s cases she was admitted with a
Tespiratory anfection which was trested with penicilin, and in & few days
{he nfection was under contral  She was up and shout watl we dis-

v Shoas gl o meed - sy 1o abnormality

. . t part of the renal
) . We thought that

< ~=<weoen £6 patients with

i In out cases

s P * -+ ahay the

o eofa

bath
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. ity

= thak
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, f

oy function with age 4 .., o,
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DISCUSSION

Afilne Tam not convinced Dr Black that the anurix you mentwoned
in your two eases 1s in any way related to the chronie respimtory disease
Duning the last influenza epidemie in this country some cases of anuria
were assoetated with wfluenza 1 know of one case in Dundee and wve
ourselves have personally studied three cnses Two of those we s0W
recovered and one died  The one that died showed typical acute tubular
neerosts, the other two showed a chinteal course typical of tubular
necrosts None of these patients gave any sign of chrome respiratory

n

dary staphylococcal pneumonia A sevcre respiratory mfection of stsel!
1n some gases seems 1o be alle to precipitate anurin and I myself prefer
to relate your experience to infection rather than to the hochemieal

changes of chronic resplratory acidoss
T LS
'

" b

1o not

£l in

cardiac output and renal vasoeonstriction or (e you me i an nuection

fudney?
o e Y tion of the hidncy  All I am stress

Milne No certainly not an infec

ing is that these cases occurred in young adults withont any evidence



WATER AND ELECTROLYTE METABOLISM
IN CONGESTIVE FAILURE

7 Fryrse
Institute Jor Cardoaseulor Researche
Progue—i

The réle of the kidney in congestive failure

Tre genesis of abnormal water and electrolyte metabohsm
1 eongestue faiture 15 at present generally attributed to mm-
pawed renal function Tt was previcusty thought that -
crensed systermc 3 enous pressure (and henee the wmbalance of
Starhing forces tn the capillaries) was the mamn factor mbiating
these phenomena  Warren and Stead (1944) observed n some
cardie patients an merease 1 body weight after the admims-
tration of salt before any simificant mse 1 central venous
pressure  Thos andicated that ancther mechamsm mght be
responsible for the retention of salt and water m chrome
congestive fatlure Merrrli {1046) confirmed the earher findmgs
of beymour tnd co workers {1942) that patients with con-
gestive fatlure have a duminshed renal blood flow, moreover
he found that the decrease 1n renal blood flow was far greater
than the dunoaton of csrdiac output

Tt was howeser, not clear whether the retention of electro
lytes and water m chrome congestin ¢ heart falure was due to
4 pnmary deerease tn renal function or to the decrease 1
renal blood flow and funetion as o consequence of the merease
tn central venaus pressure

It appeared to us 1n 1947 (see Brod and Fejfar, 1949, 1950)

that antv observations of ha
ermodynamie events
vwhen water balance h acg‘?\d odate the the' o

this
Patients with heart disease on the horderlne of ng;ht heart

faddure usvally have o low
urme output duning the day, but
an ineteased unne flow at night This spontaneous di:rcsxs
m
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attempt to compensate them arhifierally by pettmg therr serum bicar
bonate levels up We treated a 50 year old man with aeute resprratory
aidosis whose bl bicorbonate figure wns 10 mequs jI ond tie
blood pIT breathing roam atr nbout 7 28 VWhen he went inte oxygea
he became unconscious rather quichly, presumably due to the decreate
n ventifation from the relief of anovin e was remosed from oxygen
snd over the next 18 hours dialysed through o ceflophan bag in dus
stomach using o flind containing 50 m equs A sodium bicosbonate
n 5 per cent glucose  The dialysis elevated his serum brearbonate to
64 mrequiv /1 despite 8 negative sodiwsm balance of 200 my equin The
sodium was Jost mamly in the unne  The high serum bicarbonate ele
vated Ins blood pH breatling room mar te ¥ 55 Vihen lie agnin went
into oxy gen Ius blood pH felfto 7 45 and he did not become unconseions
s anoxia disappeared despite the fact that lus ventilatory rate slowed
from @ htres per nunute to & hires per nunute T ‘ > hours
his Jadney s sustained s ser un 1
by Ecxcrctimv [

. .

Uy 1arcosss’ s
acty ¢ mgh pCO, The results also
sugg ‘e £t serum brearbonate renal compensation for
the 1 o, wtory acidosis may be mcomplete n this acute situation
Gastradialysis makes 1t posstble to trent the acidasis mithout resorting
ta sadaam adimnstration which 1s contrmndieated because of the heatt
fature from cor pulmonale
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decompentation, the central venous pressis Lo
(Yeghf and Brod, 1040; Blegen and Ass, 1050; Werka ¢t al.,
1952a; Himbert et al,, 39557 Werko o ol., 1035).

L rdide cases
Mm‘m“m. o wand Dtlgetiee & chservations e
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Fig 2 presenis the ndividual valnes of renal blood flow
m normal subjeets and mn patients with heart disesses, ANl
patients are divided 1nto five graups accordmng to the chnical
degree of heast Sadure

Tn the first group are chrscally compensated patients. The
second group weludes patients wth o shoht to moderate dys-
pnoca on effort, n the third are those with mathed dyspnoea
on cffart, arthopnoes or sitacks of nocturnal dyspnoea and

acute pulmonaty ordema, The fpurth group covers patrents
with signs of right-sided decomgpensation who responded well
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reflects a temporary improsement of the mmpured water
balanee It runs its course withm o few hours It was there
fore possible to follow the sequence of events and iy estigate
the relationship between central venous pressure, systemie
and renal haemody namic changes, and renal function

Cardine output, nght auncular pressure, water content of
plasma, and renal function (renal blood flow, glomerular
fltration rate and everction of electroly tes) were studied
from the early hours of the afternoon until the following
morning m ten normal subjects and 25 patients wath heart
disease of different ongin 19 of thera has ing eongeshis e fmlure
of varymg degree (Brod and Tejfar 1919, 1950, Fejfar and
Brod, 1050a b d)

Cardine output was measured by a cirect Neh method and
right auricufar pressure by a water manometer attached to
the eardiac eatheter changes of water content m plasma were
assessed from the pereentage change m plasma protems,
hoemntoent and the disappenrance cunve of Tians blue
Renal plasma flow was tstimated by the clearnnoe of PAI
{p ~mmoluppuric acd} glomerulay filteation rate by the clear-
ance of wmbm, and chlondes by the Van Shhe and Hiller
{1947} modification of Sendroy s method

A nocturnal diuresis was observed m 11 patients with con
gestive faddure  In none of them was it preceded by » deerease
m nght auncnlar pressure  On the other hand the merease ih
urine cutput at mght started m all these patients with an
elesation m renal blood flow  lhe decrease m wrme flow at
mght occurred m seven decompensated enrdimes m all of
them it was associated with o dinnnution i renal blood flow
(I 1) The ncrease m renal blood flow was nat related toa
simular change in eardme output which mereased simuitane
ously m only half of the i estigated subjects

There 15 thus evidence in dynamie obseriations that the
snerease 1n central 1 enous pressure i congestnve flure 1s not
the prumpry eause of eardine ocdemn the mamn factor being

imprred renal function
A low renal blood flow with a dwmmnished glomeruiar
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filtration rate ond increased tubular reabsorption of electro-
Ivtes was alse found in patients with left-sided fadure and with
mtra\ stenows without any chmical evidence of right-sided
decompensation, the ceptral venous pressure being normal
{Fejfar and Brod, 1919; Blegen and Aas, 10567 Werko of all,
19520; Humbert et al., 1954; Werka el al, 1055).

Detompensated cordiar cases
Hurtber oF obstriabions Yewn
o 14 ~ e o Tosne
.~ . S
2 Fe )
be

e

\\
b /I

4 3 3 1 ]
L B TR Yy
E"i. } . f:um!\l:sxte sigram showny PEICENLADe rhaneng Fa orh

. “twsasy 200

Fig, 2 presents the wdividual values of xenal blood flow
8 normat subjects ang 1 Tatients with heart diseases, Al
batients nre divided snto five groups aceording to the cl' deat
devi:m: of heart fatjure, o e

n the first Broup are ehneall:
'Y compensated patie
ot Patients, The
- D?n: nsr?iy: }‘x\cludfs.panents S3th 2 shaht to medswnta 1
on e
eyt . ; :
Py L i
with symg of nght sided decom(;-‘:x;:air?v‘;x 25‘:;:‘?:;:‘?1
e
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to digitalis, and in the £ifth group arc patients referctor; to
the usual methods of treatment

It may be seen that patients without mght sided farlure
have a decreased renal blood flow mn comparison with the
values 1 normal control subjects

On the other hand increase of pressure n the renal vem
brought about by a partial occluston (Selkurt, Hall and

ml

ST

o

T1e 2 Renal blood flow in normsl sub

(Ry and Ry,) hypertenave (II) 1sche

disease  All patients are divided fnto 1
degree of heart fmlure .

Spencer, 1049}, or by an increased abdommal pressure (Brad
ley and Bradley, 1947), 1s folloned by only o small dimmution
of the renal blood flow

Maxwell, Breed and Schwartz (1950) measured pressure in
the inferior vena eava n 17 healthy subjeets and ten patients
with congestive fulure  The mean pressure in healthy subjects
was 15 2 em H,0, and n patients with eongestive failure
27 em H,0 Trom the mcasured values of pressure they
caleulated that the increase of renal resistance due to the
clevation of pressure 1n renal vemns would reduce renal blood
flow by about 14 per cent. The actual decrease s renal blood
flow 1 congestive farlure 1s far greater (sce Tug 2)
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Fatber and co workers {1951, 1953) studted 1 man the
effect of an merease of pressure mn the vena cava produced by
eans of a halloon above and below the onfice of the renal
vews I both procedures there was s d of rena}
hood fiow, glomerulsr fltration tate and excretion of water
and electralytes

The mereased central venous pressure i congestive fallure
may, of course, contribute to reduction i renal funchion
(Briggs ¢t ol , 1948, Bradley and Blake, 3049, Barle et ol ,
1848} It determnes the distribution of retumned water and
electrotytes which i left sided failure 15 10 the lungs and m
congestive failure maimly m the Jower part of the body.

The nature of renal changes in congestrve fadure

The nocturnal werease of dwresss and renal blood flow
our mvestigated patients with congestive failure was also
associated with an elevation of glomerular filtration yate and
sith a decrease i tubular reabsorption of water and electro
Jytes This may be seen 1 Fig 8, winch cavess 20 spon
taneses changes tn wrine flow 3 1% patients with congestive
fmlure  The lower urme outpul was sbways taken as the
smim} value {100 per cent)
# -
s .
i weeasia O Lae average by 55 5 per cent {from &
G per cont}) Only thyee umesy\\-as I}Fc mcreas(: mmren;(;
bload flow swalfer than 20 per et In 14 subjects m whom tt
was measured eardiae output (CO) rose sigmificantly 1 six
“;ﬁlnm-ts £ 11 Yhree and @ nat change m fixe Tt s glear
thnt the werease n renal blood fow could not depend on the
Xt‘;lem:ga‘m;nasc w €O Ths 25 confirmed by an mcrease n
ane,m raction of cardiac output in all instances except

Glom -
1% tume

#5327 & pur cent, with the Tange ~ 4 510 4 82 per cent
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The elevation of renal blood flow was effected n the great
majortty by a decrease in postglomernlar resistance, the
filtration fraction dmmmishing 17 times and mercasing i only
three stances

The merease m chloride clearance was of the same order as

- 3 8 8 88 83888

clearance to glomerular Nitration rate ?T‘} lhe

tn,

mean percentage change (§F) and range () in 14

atients with heart failure are presented  The
ﬁm(‘r unne putput waa taken as 100 %,

the clevation of urine volume The mean increase was 215
per cent, range 2 to 010 per cent  The ratio of ehlorule clear
ance to glomerular filtration rate rose on an average by 157
per cent (range —17 6 to -+ 530 per cent)
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According to Wesson, Anslow and Smuth (1948) some 85
per cent of the filtered sodium and chlonde 1s reabsorbed by
an active meck m the p 1 tubule, arrespective of
the amount filtered The reabsorption of the remaiming 15 per
cent of sodsum and chlonde 1s hmited by a fived maximal
rate at which the distal tubular cells are able to reabsorb
these electrolytes Whenever the tubular chlonde load
decreases with a fall n glomerular filtzation ate m the
presence of this maximal reabsorption capacity, almost all
of the filtered chloride 15 reabsorbed  Mernill (1949), Mokotoff,
Ross and Letter (1948), Selkurt, Hall and Spencer {1949),
Stead (1951) and others are of the opinion that m congestive
farture this mect Jeads to the Teabsorption of
electrolytes and water, that 1s to say that the dimmution of
glomerular filtration 1s such that with a normal unchanged
tubnlar reabsorption, water and electrolytes are retained

Qur results are not 1n accord with the hypothesis of Wesson,
Anslow and Smith  In patients with severe congestive fanlure,
glomerular filtration rate did not nise towards normal levels
at the time of nocturnal dwresis, in spite of this, the amount
of exereted chlonde was far greater than the quantity of
chionde evercted at might in healthy subjeets with a normal
glomerular filtration rate Fig 4 demonstrates that the
tubular reabsorption of chlonde can vary markedly with a
constant tubular chlonde Joad It 1s clear, of course, that ata

grven ehlonde load less chlonide 15 reabsorbed st a high than
at a low wnne flow °

The concentration of chlonde
lesel i onty

w urine exceeded its plasma
seven out of 24 observations at high urme flow
The increased urme flow, therefore, cannot be explaned on
osmotie grounds by an increased excretion of ¢hlonde

, "I"‘l:_e l‘m\'cr elimunation of electroly tes and wotan -

. wieasiy as well  Lhe same conel
n‘:nst{\(cd by Buges and co workers {1918), hattus nngﬂco;‘
rhers (1048) Davis und Shock (1049), Newman (1949),
4
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Hymbert and co workers (1954), Cort {1955b), Cort and
Fenel (1957), and others

Doyle and Mernll (1957) studied renal function m 18
patients with congestive failure in o supme posttron and tilted
1n a passive erect posture The changes were qualitatisely
sumilar to those 1n normal subjects There was s further
depression of renal plasma flow, glomerular filtration rate and
also a decreased urine flow and a fall m the excretion of the

[y
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Fig 4 Relationship of the amount of t1 e chlon Ie filtered (P X Cligur ) on 1
U L«
mnbscrbcd(Pd % G * 100 ) in individual subjects at high an {low unne

flows Values in nlividunl sul fects are connected with dotted lines
N—normal control subjects C—patients with 1 cart d scase  See text for
detarly

clectrolytes  In accord with our previous findings, with
nocturia the decreased urine flow n the crect posture was
closely correlated with changes n renal plasma flon There
was, on the other hand, a very poor correlation between
changes i glomerular filtration rate and sodium excrction
Tn these observations there was an wndireet relntronship
between the tubular reabsorption of electrolytes and water
and renal blood flow  The tubular reabsorption ercased
when renal blood flow fell and vice rersa

Thus finding does not charactenize congestive failure alone
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Bucht and ro-worhers (1033) studted the haemodynamie
changes together mth the excretion of sodium 1 eight healthy
human subjects dunng museular exercise of varying degree
As Jong 5 the effort was small {exygen consumption not
above 500 ml jmmn ), an ncrease of CO was found without
sigmficant effect on renal blood flow, glamerular filtration
rate or excretion of sodram A preater muscular eflort
{oxygen cansumption about 1,000 ml [min )} was character
wed by a marked merense m CO {almost double) and a
simultancous fall i renal blood flow and the renal fraction of
€O The excretion of sodm and water fell Glomerular
filteation rate aud pressure 1n remal vemns did not change
significantly Sumtlar results were observed m patients with
heart disease (Judson ¢f ¢! 1955, Hrmbert, Seébat and
Théard 1956) Increase of tubular reabsorption was there
fote tesponsible for the dumimshed exeretion of sodwmm and
water
The close relationstup between renal blood flow and excre

tion of electrolytes t congestive farlure 35 stahang We have
expressed the opmon {Brod and Fejfar, 1950) that decreased
venal blood flow directly impairs the excretion of water and
electrolytes A smaller glomernlar filtration rate diminishes
tubulsy dectrolyte load and, owing to a slower fow of tubular
ure @ fireater proportion of the filtered amount 1s reabsorbed

We conld not of course, exclude another possiahity that
weretsed yeabsorphion of water and eleetrolytes m the rena
tubules could cccur parallel with, but mdependently of the
Qminsshed renal plasma flow, 1 the shmulus for the rensl
;’nmcommctmn could dureetly 1afluence the function of rena}

ubules, leading to an inereased reabsorption of salt and water,

Humoral and neurat regulatory mechanisms in
. congestive failure
mn:‘r:r“ !;;t(;:‘r\:\ ‘h::;:o{al axml neural factors can alter the
ules In the unne of patients with
;ivc;t\:;n f:xﬂllh: rensn (Mernll, Momson and RBeannon, 19?:)
(vaso etotor matenal) and VDM I asodepresso;
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material) have been found (Edelman ef al, 1950)  Extracts
of urine from patients with congestive failure contain anti
diretic materal (Beren, Rohaw and Massie, 1949, 1050) with
a great soduun retammng actiity (Derung and Luetseher,
1950a,b), wlich disappears when the patients become comt
pensated (Luetscher, Deming and Johnson, 1950, 1951)
The substance responsible for this 1s aldosterone (Luctscher
and Johnson, 1954) An increased excrction of aldosterone 15
not characteristic only of congestiv e farlure, but accompanies
nephrotic and eirrhotic oedema as well - A permanent mcerease
of aldosterone under these conditions 1s called sccondary
aldosteromsm  (Conn, 1955 Bartter, 1956, Mine and
Muchrcke, 1956, Thorn ¢t al, 1956, Liddle, Duncan and
Bartter, 1956, Wolll, Koczorch and Buchborn 1957)

The mereased sceretton of aldosterone m congestn ¢ farlure
may be important 1n some patients, as ean be seen from the
favourable effect of bilateral adrenalectomy (Thorn ef dl,
1956)

Buchborn (1956) estimated the activity of plasma anti
dwretic hormone (ADH) by a sensitive biological method on
the toad, together with serum osmolarty e found a close
indirect correlntion between the plasma ADH and serum
osmolarity wm 11 normal subjects, in patients with hepatie
currhosis, 1n compensated cardiae patients, and also 1n patients
with congestive failure  The mereased plasma level of ADH
n congestive failure 1s not thercfore primary, being an cx
pression of the homcostatic function of ADI, regulitng
osmotic pressure in the organism (Buchborn, 1958)

Neither ADH nor aldosterone sigmifieantly mfluences eir
culation 1 the hidneys  Their main effect is on renal tubules
where they ncrease the reabsorption of water (ADH) or
sodum (aldosterone) In addition we bave already dicated
that the vasoconstricton n the hidneys, together with
dimmshed ehimmnation of sodwum, oceurs durnmng o short
muscular effort (10 munutes, Bucht e al , 1953) The effect of
aldosterone would be slower  According to Bartter (1956) the
exeretion of sodum 1n a patsent with Addison’s isease dird
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not start to fafl until move than an hour after imtravenous
tnjection of 40 pg aldosterone

cht would apI;%ar to us, therelore, thab nesther of ﬂ\ts:
humoral substances is the prmary cause of the zetentson df
salt and waver mn heart. fmbare

The zesults of haemodynaeue changes m. human subjects
foliowmg tatravenons wjection of Dihenammne called our
attention to the wmportance of reflex {neurchumoral) regula-
tion 1 the geresis of haemodynarme changes i congestive
fadure

Blochade of adrenerge 1npulses by Dibenamme in pattents
with heart faidure caused s dunimution of & gh periphera
sascular Tesistance and central venvus pressute  Cavdwe
output mereastd  Denal blood flow rose m 2 great majonity
of v estapated subects, suggesting that thes was independent
of the merease n €O These changes were not produced by
blockang the adrencrme wnpulses wn the heart or by an m-
ereased secreion of adrenshine (Feyfar and Brod, 1850c,
1831, 1934, Brod Feyfar and Feylarond 1951, 1854) {Fig 5)
"The merease m rena) Plood flow 1n seven out of mine patients
1 Cong fadure was 4 by o nse w unine flow
ard an wereased ehrunation of sodmm o chionde

Ve were able to conclude from our tesults that, with the
anser of eongestive fmlure, reflex (newrohumorsl) vasocon
striction develops . both arteral and venous eyreulation
‘The funchion of this selectnne vasoconstriction may be te
secure » sufficient supply of oxygenated btlaod to working
ssues sueh as the heart and other museles

A haemodynamie pattern resembling chrome heart fature
(e unequal dutnbution of blood supply to vatigus organs,
snctensed ubiization of oxygen s hissues, snd un wsufficent
€O} mny also be found n chmeal circumstances with s
dumarished etum of venons blood to the heart (eg matra)
stenosis  constrietive pencarditis), or when the m:\mmt of
cteeulating blood and oxygen decreases, as well as in zonte
heart failure or penpheral cvtents

atory famlure {see Feyia
1038} A simalar hacmodynamie preture can ba s&‘m wm se’w e:;:
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matenal) hve been found (Edelman ef al, 1830)  Extrets
of urine from patients with congestive farlure contamn anti
dniretic materal (Bereu, Rokaw and Massie, 1949, 1950) with
a great sodwm retammg actmaty (Demng and Luctscher,
1950a,b), which disappears when the patients become com
pensated (Luctscher, Demmg and Johnson, 1930, 1951)
The substance responsible for tlns 1s aldostcrone (Luctscher
and Johmson, 1954) An mereased exeretion of aldosterone 1s
not characteristic only of congestiv e farture, but accompanies
nephrotie and cirrhotie oedema ns well - A permanent increase
of aldosteronc under these conditions 1s called secondary
aldostcromisn  (Conn, 1955, DBartter, 1956, Mioe and
Muehrche, 1956, Thorn ¢t al, 1956, Liddle, Duncan and
Bartter, 1056, Wolll, Koczorek and Buchborn, 1057)

The mcrensed sceretion of aldosterone in congestive falure
may be important in some patients, as ean be seen from the
favourable effeet of bilateral adrenalectomy (Thomn ef al,
1956)

Buchborn {1956) estimated the actnaty of plasma ant
diuretic hormone (ADH) by a sensitive nological method on
the toad, together with serum osmolanty He found a close
imdircet correlation between the plasma ADI and serum
osmolanty m 14 normal subjeets, it patients with hepatic
currhosis, 1n compensated cardiae patients, and alsein patients
with congestive fatlure  The mereased plasma Jevel of ADI
1 congestrve fmlure ts not therefore primary, bemng an ex
pression of the lomeostatic function of ADI, regulating
osmotte pressure in the organism (Buchborn, 1056)

Netther ADH nor aldosterone significantly mfluences oir
culation in the hidneys  Therr main effect 1s on renal tubules,
where they merease the reabsorption of water (ADH), or
sodum (aldosterone) In addition we have already indicated
that the vasoconstriction in the hidneys, together with
diunished chmmation of sodm, occurs during a short

™ '+ tal,1958) lhe effect of
g to Bartter (1056) the
th Addison’s diseasc did
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A hgh central venous pressire and 5 secondary excretion of
hrumoral substances hike aldosterone complicate the respanse

Werk and eo-workers (1935), 1 a study of systemc and
renal haemodynarme changes m 146 subjects with different
cardiae disorders came to 5 simalar conetusion  Therr results
suggest that “the adrexergic ympulses could contnbute to
the dmmshed renat blood flow mn severe heart disease before
any syms of congestion are appatent”  They think one of the
factors eausing the release of adrenergic smpulses Thay be 8
decreased stroke volume

The ongmn of the afferent wnpulses of thus funetionsl
haemodynamic reflex 18 not hnown There are, of course,
several preces of evidence on the mfluence of nert ous impulses
on dwresis Viar and oo worhers (18531} demonstrated an
wncrease 1 urine flow angd excretion of sodtum as the result of
a nung venous pressure m the bead {following the compres
sion of nech by a manometer cufl) Cort (1953), in agreement
with these results found an merensed dwresis with ugher
ehminstion of sodwm m subjects with the head lowered
{Trendelenburg posttion of 15°) The changes m renal blood
flow were not reported  Cathesrt and Withams (1855) dud not
confirm this

Gauer and co workers {1934) deserbed an werease yn unne
gow . ;\n annesthetzed dogs during the negative pressure

resthing period  This was also found m heslthy buman
subjects (Sicker Guuer and Henry, 1952, 1954) The rise m
dwresss was not ¥ i by 2 3 on of
dcc;‘:&& :;s ‘(;\z\* or K*} This water diuresis was thought to
locn.hze:! Y stimulation of volume or stretch Teceptors
— orm“‘t:‘e ewdiwrascular system 18 the thorax {left

pulmonary veins) The values of renal plasma flow

\:}f:rct Fot measured in these experuments. We de not hanow,
the ore 3f the changes reported were produced by a direct
m:::ic;e'or: the renal tubules without anv chanea w = ¢

s .
re wive produced
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muscular effort m healthy subjects It differs from that
found m heart failure by an mncrease 1n CO and by vaso
dilatation m the shin due to mereased temperature
Haemodynamie changes mn heart fatlure therefore do not
represent a new and specal adaptation of the organmsm to the
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Iic 5 Changes in eardinc output (CO) peripheral
vascular resistance (TPR) blood pressure (1) right
auricular pressure (RAP) and renal plasma flow .
(PAI) after Ihbenamine in a subject with heart
failure  See text for detalls (Iejfar 7 (1037)
Acta cardrol ([fruz) 12,18 )

dimtushing performance of the heart They are a typical
reaction which appears in every situation m which LO 1
madequate for oxygen requircment in the tissucs This
reaction becomes a chronie feature during the deyelopment of
congestive fulure and leads to retention of water and sodium
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evidence (sec abose) that renal blood flow and a decreased
exeretion of clectrolytes occurs n left ventricular fmlure and
mutral stenosts without rght sided decompensation, when
there 1s an mereased pressure m the v enous side of the pulmon
ary ctreulation

On occasion, however, a sudden nerease of pressure m this
part of the pulmonary crrculation may be associated with a
nise of urine flow 1n patients with a heart disease We have
followed haemodynamie changes 1 nine patients with acute
pulmonary ocdema (I'ej(r ¢f al , 1958a), 1n three of them we
also studied renal haemodynamies and the exerction of
clectrolytes At the onset of recovery from pulmonary
oedema there was a depressed renal blood flow and the renal
fractionof COstarted to merease before any sigmficant changes
1n cardiae output occurred In two of these three patients the
rise 1 renal blood flow was nccompanmed by an mereased
excretion of chloride {Fig 6) A nse of pressure in the left
auricle and pulmonary vemns 1 typical for acute pulmonary
oedema 1 patients with mutral stenosis or left ventricular
farlure It 1s therefore possible that thus elevation of pressure
could influence renal blood flow, diuresis, and the exerction
of clectrolytes The diuresis was not, however, a water
dwresis as deseribed by Sicher, Gauer and IHenry (1952,
1954)

Gomort and co worhers (1954) stucicd renal errculation 1n
dogs with crossed crrculation under hypovaermin  ‘They
found a decrease m renal blood flow in a dog whose head was
perfused from the other body by hypowie (venous) blood
Tollowing denervation of the hidneys, this vasoconstriction
either disappeared completely or was isignificant

Foldi and co workers (1055) found m hypoxaemc dogs 8
decrease 1n renal blood flow, exerction of water and clectro
lytes In henlthy subjects breathing n maxture of 10 per cent
oy gen there was also a decreased renal blood flow and ehmr
nation of clectrolytes On the other hand & low rennl blood
flon, glomerular filtration rate and cxeretion of sodium
s.gmﬁcnntl) mnereased - patients with congestive heart
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concentration of oxygen) CO rose 0 a simular way to the nise
obseryed 1n hypoxaemie hypowa 1n 1ntact ammals

{3) Mormson ond co warkers (1927) concluded from thew
studhes on expertmental hypoxaemia m dogs that the oxygen
tenston 1n the myocardmm 15 the most wnpottant factor
determrung the nse w [%4)

A duect efferent nervaus influence on the ludneys was
demanstrated by haplan and Rapoport (1951) and Blake
(1952) 1 dogs with umlateral renal denervation Tubular
yeabsorption of sodm was less e the denervated udney
Bykov and Alexejev Berkanann (1930, 1981} (see Bylov,
1932} found that a conditioned * water’ diurests in dogs may
be partly inhibited by denervation of the kidneys

Renal blood flow was measured only in the experiments of
haplwm and Rapoport {1931), where the imcreased remal
excretion of water and electrolytes after splanch y was
independent of changes 1n renal blood flow  Our expenmental
results m patients with heart falure (see above) demonstrated
8 close relationship between changes in repal blood flow and
tubular sesbsorption of sater and clectrolytes

A partiaf answer to this question can be found in the expen
ments of Cort and Klemzeller {1856) on isolated Jodney
tissues of rabbuts  Changes m transport of eations and water

were studied during £wo hours exposure of idney shres to
UROXL Onnnén t i *

. .

s = o4 uud ol sodum nte the denervated shices
duning lenchung at 6°, and a slower expulsan of sodwm from
f}x: denersated hadney shees dunng the ineubation period

¢ changes i water content of the shees were 1 the same
SLY::BH: 8 the shifts of sodium  The dvffetenes ha
- .
v

-
2 tuccutiuiation dunng subsequ
slower 1n the denervated hdney £ euent neutation
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faslure inhaling 50 per cent ovygen plus 4 per cent carboy
doaide for 30 mnutes (Fold: ef al, 1956)  According to thes:
authors renal changes are brought about by hy pon 0 the
bramn

It 1s tmprobable however that every case of heart fathure
1s nccompanied by cerebral hyposun  The renst changes are
mamfested, as shown above m left sided forlure  The results
of Schamberg (1950} mdieate a decreased blood flow through
the brain 1 heart faure together with & rise m cerebral
vascular resistance  If the cercbral supply of oxy gen s really
msuflicient we might expeet quute the reverse & diminution
of cerebral vascular resistance and an inerease i cerebra!
blood flow Tlus was actually demonstrated m man dunng
expenimental by posnermia by Kets and Selumdt (1918)

Ve are of the opmuon that the heart itself masy be the
starting pont for the hacmodynamie functional changes
i heart fatlure and m all situations i wineh €0 s made
quate for the requiremnent m hissues te where ovypen ubiliza
tion 1 tissues mereases (Feyfar 1956 1057 1958) The basis
for tius hypothesis will be briefly summanzed
(a} Myocardial utibzition of oxygen 15 cven with physieal
wmacti ity i healthy subjects greater than that by the other
waportant organs of the bodv  Ivery rse i ovvgen eott
sumption or utithzation 1 fissnes {museunlar effort annemin
mitral stenosis ete ) #s assoeiated with coranary yasodintion,
an 1nerease wy the coronary fracton of O and yasocondtne
tion i the hadness
(b} We hme demonstrated that durng the mhalation of
ovygen a normat CO an a healthy subject or m compensated
patients either does not chnnge or decrcases while a low
cardiac output 1 heart fmlure mereases (Fejfur 1057
Fefar ¢t al  1958a)

{c} Gomort and co workers (1954) n experiments ested above
did not find an eles atton of CO durmg 1solated by poxin of the
brain On the other hand when the isolated herd of o dog
by artersal blood and the trunk supphied with

was perfused
blood (the dogs mhnied a mixture with a fow

s posacmie
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Yalance studies, and by analyses of muscle biopsies, that
addition to the ceftular toss of potassmm there 1s an nere-
ment of sodvun 1 eells (Isers, Boyle and Myers, 1950, Tsers
e ol , 1052, Squres, Crosley snd Elkinton, 1951¢, Warner
e al, 1952, Cort and Matthews, 1954, see slso Elonton and
Danaweka, 1955, Cort and Pencl, 1957) Parheolarly m-
portant 15 the fact that p depl occurs i sub)
treated by repeated wmpections of mereunal diuzeties (Sguwres
¢t al, 1951b, Cort ond Matthews, 1954) In some of these
severely il cases hyponatraems and hypochloraemia with an
elevated concentration of hicarbonate may be cbserved

Chmeai diag of p depl m chromic conges-
tive failure 15 difficult to prove Decompensated cardiaes
exerrte neghpble amounts of sodium and the stronger sad
radicals are excreted neutrabzed by potassium  Thetefore
the typical finding of » far hugher concentration of potassium
than sodtum 10 the nrme m congestive fatlure 15 tot alene
suffiesent proof of celtular Jass of potassium

Plasma lesels of Na*, K+, and C1- are usually withim the
bormal range 1n decompensated cardiac patients

Table I presents the relationship between plasma, levels
of Na*, K+ and BCO,~ and concentration of Na+ and K+ m
musele biopsy speexmens 1 13 pattents with vanous degrees
of heart faslure Concentrations of total musele Na+ and K+
are exgressed h o equw 160 g of ot free dry sohds {REDS)
Normal salues given by Cort (19556) are about 13 4+ 2m equiv.
of Narand $5 & 31 equiv of K+

th will be seen that all the patients hod o decreased amount
Ot potassium n sheletal musele Thig K+ depletion was very
!;\?r).cd slithough not alf were treated with mercunal din

1es Patient M E was not yet sn rght sided fature In gl

Paltients wath the
tions of \a* a:\dcxlg‘phon L the plasma concentea-

were within the normal ran, In
:i‘\:\ :1‘:))0‘“\\ the coneentration of ncarbonate was sglfghtly
dhrated ‘m:c. of them showed ECG changes bvmea) af
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In s\ rabbits with bilateral denervation the resting clear-
ances of mnuhin and PAH were practieally the same as m the
rabbits without renal denersation {Brod and Sirots, 1945)
Cort and Klemnzeller (1956) therefore conclude that the dif
ferences deseribed are due to & direct nervous effect on
tubular cells rather than to n change 1 renal blood flow.

It 15 difficult to compare results obtamed from expenments
with tissue shees or in anacsthetized ammals, with results
from human subjects, mm which every disturbance of homeo
stasis 1s mmediately compensated for n severat wnys
Neural and humoral regulation act simultancously and 1t s
practically mpossible to differentinte them It scems,
nesertheless, that even in subjeets with chrome heart fatlure,
retention of clectrolytes and water 1< the result of hacme
dynamue changes parallel with mereased tubular renbsorption
of sodium and water These changes may be smtated by a
refles mechasism acting through adrenergie nerves  Inerensed
secretion of aldosteronc and ADH s a sccondary mamfesta-
tion Tlus sccondary aldosteromsm may, howeser, presad m
the long run, dommate the whole preture of chrome congestive
farlure, and close the vicious arcle

Turther consequences of retention of salt and
water in heart fatlure

The retamed sodim nnd water m congestive faslure does

not enlarge the volume of extracelhtar fhmd only  In patients

recovering from heart faiture the reduction of bedy weight

was greater than the reduction m the amount of extracellular

find {Seymour 2 al , 1942), chloride output (Schrocder, 1950}

or sodium loss (Miller, 1950, 1051)  This surplus water must

come from eclls In the desclopment of congestive fulure,

the water neeumulates i both extraceliular and wtesecliular
compartments

At the same tune changes begin in the concentration of

. 'o4we MV -saptrolytes Theloss of eellulnr

was desenbed m 1030 by

It has been ascertauned by
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belanee studies and by analyses of muscle bropsies, that
sddition to the cellular loss of potassium there 15 an ncre
ment of sodum 1 cells (Isem, Boyle and Myers, 1950, Isert
o, 1952, Squires, Crostey and Elluntoen, 19514, Wamer
ol 1052, Cort and Matthews 1953, see also Ethanton and
Danawshy, 1955, Cort and Fenel, 1957) Parhculaﬂér m
portant s the fact that p depl accurs 1 suby
treated by repeated injections of mereurial drareties (Squires
o al, 1951b, Cort and Matthews, 195¢) In some of these
severely it cases hyp and hypocht 16 with an
elesated concentration of bicarhonate may be observed
Chaeal diag of p it sn chrofue conges-
tve fufure 35 difficult to prove Decompensated eardiacs

exerete neghmble amounts of sohum and the stronger aad
radicals are d heed Theref

¥

the typeat finding of & far tugher cancentration of potassium
than sodium 1 the urme m congestive fadure 13 not slone
sufficient proof of cellutar loss of potassiama

Plasma tevels of Na*, K+ and €1 are usually within the
normal range tn & d eardac 1

Table I presents the relationship between plasma levels
ol \a%, 1+ and HCO, and concentration of Na* and K+ m
Tuscle tnopsy spemens n 18 patients with vanous degrees
ol beast fujure  Concentrations of total muscle Na* and K+
areexpressed in m equiv 100 g of fat free dry sohids (FFDS)
Normalalues myen by Cort {19358} are about 13 £ 2m equiy
ofNa*and 43 & 8 m equv of K+

8wl be seen that oft the patients hed a decreased amount,
of gotassium i skeletad muscle This K+ depletion was very
marked slthough not alf were treated wath mereunal g

feties Patent M E was not yet m nght i
Patients with the exce y e s eomcontn

phion of A%, the plasma concentra
\‘;em of Nav and K+ were thhm’the normal tange In
]n: majonty the concentration of tacathonate Bas shghtly
\‘:‘\alcd None of them showed FOGy abwmn 4
eta .
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Table I

RELATIONSHIP RFTWEEN FLASMA LEVELS OF Na+, KK+ ano HCO,~
AND CONCENTRATION OF Nat and K+ I THE §KFLETAL MUSCLF

MS—mutral stenosis; MI—rmutral in Tn S—t pid stenosss,
Trt ins —trcuspid ansufficency ; - 1 H D —hypertensive and ischaeme
leart disense Sce details in text.

Muste Plasma
Degree
Dame |Sex| Diagnosis | Ao o heat dat K+ Do
fadure {fotal  tall \a+ K + pico,”
100 ¢ meequic L
FIDS
FO [ | J53 ss | 5 [wesfiss |19y
Aty sept o5 len p 4 | Qmereurial
as [r |y 8 | 34 [107s|e6 Jrr Joasfeoa | Gmen
MB [ {3 38| 4 [ise]ess fiso [esifmso
. o N s 4 | Omervurtal
M | b |MsMs 3 s [ioifeseifas (a5 [oea | Gmem
M3>MI o o 32 -3 0 mercurtal
10 [P i [ 0| ¢ [2rsefmoszlun s oslasy | Qe
up | ¢ (Mypeetarial | g5 | s lizsifzozfun [so fson [§rerutd
ER 3| M3 TS i 6 {143 |32 [131 |s 34285
ry A MR Trilns 43 5 271 Jo5 461148 314 Ba6fes 1
Az [ s [ 90 | 5 fazs (1 |rsesfeon]is [ Endereet
Av ¥ us st | s Jioa|ae|ras)se (s
M4 -2
RO | F | M | 37 ] ¢ Jostlsamfiasfioas
o [sfusrun [ o] o |iso]wes|uss]oosfo e utatihe
S - £y
uy | F ;‘_‘mmh st | 3 Jeo-sfsiosfier sfcaa)zee

was found 1n patient A Z, with suppuration n the thorncic
wound one week after mutral commissurotomy, 2% hours
before death. He was by this time 1n severe metabolic acidosis
The loss of about three quarters of the muscle potassium was
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the probability of bemg Int according to the number of imes the
object has been bt before, and if you proceed further and merease
the speed of the shooting the mathematics develop i the direction
of the Makehom cury ¢ and certam modificatsons of it

Maynard Smath 1 do not beheve for ane moment that the shape
of these curyes has anything to do with the organism that has been
studied T think it has sometlung to do with the environment m
which 1t was studied

Perks I have thought sbout this problem for & long tume and 1
beheve the shape has something to do with time

Tanmer You would expect o different-shaped curve i a less ong
hved organsm?

Perks No X thunk it 1s the cumulative factor m hfe snjurics and
so on are additive or eumulative m almost s geometrical sense and
you must expeet to have exponentinls comung nto the form of the
moartahty rates

Tanner Does this make the change then from the garoma fune
tion mnto the Makcham type of curve? You thunh that the reccption
state changes according ta the number of shats tnpinging?

Perks Yo

Holt In the models for fitting the depreaation of motar cars
death 1s assumed to result from ather single ng acadents or an
accumulation of small ones and a complex death curve follows 1t
scems to have some possible apphieation to arumal mortality

Rothlat 1am concerned to hnow what bifespan 1s beeanse we have
to express some of our findings in terms of lifespan  Tor example
people often speak abaut the effect of radiation it causing o shorten
ing of the span of life and they put down figures of the percentage
of life shortemng per rontgen  But everyane 1 have ashed what he
mennt by the term lifespan gave a different answer I was hopag
that perhiaps m thas meeting we mght come to some agreement on
that I was inpressed by your remarks on the first day Dr Benja
mun when you brought in what you clled €l e senescence peak
Thus peah scems to me to be the quantty to put down as the  normal
Ifespan I was particularly 1 to see dats g ted
vanous people wlich showed t1at although the shapes of the
mortality curves may dufer cnormously nevertheless for s given
speares they olf reach nearly the sasme end pomt If we could draw
the ideal cirve 1o 3f we could chnumate alf deaths duce to acadents
infections cte then the normal hfespan  would be obtmned 1
medrately from the scnescenee peak But in practice this will be
very difficult Decause most mortality eurves do not approxunate to
this sdeal  We are therefore still Jeft with the question of what we
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ertaim extent by the infontide mortality, and by mortality from
ents and infeetions, 1f you reduced those mortalitses, then, asa
Pplece of antbmetic, the mode 15 advanced and the cune of

pendent, T e wgen

Rockstin: 1 think we are beng unsealistic about thys, I would

ggest that mean longevity seems to be a thing that you could
1o
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obtain [ A L
CEIALG viovan o . .
pore, why uot use an nmma:, “s g n . .

which you eon get sueh data? I have been amazed that w we ..

generations in the housefly, for exampic, one can continue to get t?w
same mean value, Jsay $ius value 3s 2 good bass for comparison i
an c\penmcnw study, With the white rat, under specific labotatory
conditions, for example, the only thng that Wil vary m yradiation

i s *ont or dosage of radiation. Wath humans we run

3t -od with life c\pcctauoa
. K Ve

rgen s L . .

inbred knes of b nuhmans .. o :

H

why the mean longevity 15 not as good & cnti o o
it considers the accidentn} deaths, it considers the possible dxsturu-

g - » U wonld have from hay g had carly deaths or
. ' end recoltng from the

CXEENULU s s
Perhs: 1 oty sute you are foge o 1t ifferent

problems require different <olutions,

Rotblat: X5 we say, for example, that radiation causes a contraction
of the scale of hife, and suppose we are dealing with the weal case i
which all ammals dic of old age, then for the yweradiated ansmals we
would obtan » earse but bodidy shafted to the feft. This
weuld he very tteun it be th'\t

richat .
The ¢ .. [ES . i
actuomy < v, . . o .
hiespan.

S Meavergess 0 the it guatuy ..
[ v " the (H‘ccts
of + . termenf B
PR .o . .
iy, . =

of the survival curve ane v
mentad fectors under m cstxguuon 1 nav,
studies of radiation effects on nires, you couldd rllurm tertze t);c attecns
¢ + e af the o and zhc « parameter of the Gompertz
* radintion—ta restate \\{mt I
¢ without a change ma. Con
. ¢ It s perfectly
Lrue t)mt ths (,ompu “ - ndequate des
cription of the hfe-tables of nu(uml POPUens 3 3t shonld be

i

i
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bome wn mund the . '
eussing general pr
expressions are Ut
{

-
g = 3 AeD
el

Perhy, ¥ you are ﬁtmimu\anaucﬂ expressions to your data of
stabistieal dustribution, then elealy you estutiate the parameless,
3nd your estimiated v alues for the patameters sum up the statistics,
I thought the problem we Were Teally tathimg about was how 1o
charsctenze statisties for Which you huve riot got a mathematical
e - e q ewmole meqsue to be sufficient the distnbution
Al "

can say 15 thaf for some purposes one Measure may pe neuer m‘u:
:mm\wr Yo have ta accent that the expectation of life or the half.

ITNCH LIS BT Laa Ve e

cune l}.;zryo; can reall .sa that any paras
estimators than any omrg v ¥ paaneters e better

Bengnmn - Al thus discussion of fesy
pan seems to be only 2 mean:
’-& an end, we really want to get away from biespans to c«)x'ns\dmn;
the ageung effects, for example, of changes 1 environinent. For that
€ seally want two things, birst, we need some land of function
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may mahe a differcree between the cutve bulpng up one way, or
bulging down the other, The largest possible dispersion of effects 15
found here, wluch brings us to the ider of the 50 per cent survival
age pownt. To get o time scale which enables comparisons to be

made between different kind  ° male an the other hand, you
need somethung which 1s not t . PR § 5t
suggests that you should use cac .

although the haght of the peak 1s < ery niuck comriann.
pated deaths and so on, the actual movesment of the peak ssnot
parhiculusly sensitve  So wiufe 1t 28 unprofitable to tzﬂﬁ about an
weat Rfespan, it 1s quite practicat and pratitable to Jook at lavge
families of curves of death for the same speeies, and see shat hind
of shape they tend to m general, so that you can get for the different
species a typieal modal attamed fength of Iife, sluch you could use
as the time scale
Consfort  This s Bodent s “physological longevity”
gBedcuimxmﬁi 1;, S. (1938). Problems of ammat ccology  Oniond
» T ]

» " ' *voushould ail take on waterest m
un - 1 think 1¢ 15 a very good tinng
that all serentists snow oo 1€ notanon if there 1s one winch

1s gencrally aceepted  Dr Benppmin has meluded some of 1t 1w his
paper and I thinh tt probably could be extended to cover all your
needs

We have heard the phrases hfespin and agemg over and oser
agun but  do not thnh you will ever sueceed 1 ngorously definimg
them ¥ ank they are best left as rather vague copcepls, ns we
kngw n general what we are tathing about

1 have been o hitle puzzled by the extent to wiuch logs have been
taken of 1 arious ebserved figures  To me it only confuses the issucs,
particularly when you have a graph on @ Joganithmue scale, although
1 do understand that sometumes 1t 1s necessary to do that to com
press the graph to yeasonable dimensions  But there s no excuse for
takng logs in anthmetic Merely to got rid of some of the vanatons,
and apparently to produce n carrelation or regression wh ch ;)osslbly
is not there if you do not take logs What does thie Inganthm of a
residual mean? When you ke a loganithm of the cephalization
index and then assoiate st with o loganthn of body weight, and
£ 1 omwith a lopenthm of & hfespan, what does 1t alt mean?
remnle techtuque that tught be uscful for

st of ammals w ther

1 . . =S

HULotee o .
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if you tahe the crude death rate aver an mtertal of time,
::;c:u %:xr n{easum of the expectation of Itfe, in terms of that m‘t;cxr-
val, 18 the reetprocal of the erude death rate, provided that populs-
tons stationary, or nearly stationary, 1£1t1s not nearly stationary,
you can probably make an approximate adjustment . fhter
‘The ouly ather thang I want to say 1s that the actuary s use ol ks :d
tables 1 ety dferent from yours The hfe table 1s pot an <
1 ateelf for actuanes, 1t 3s merely o step on the way {rom s sct of

mor the eqleulation of premium rates, rescrves,
ot . Thoe are
ac

al -
Y = daego - N
these aliometne relations are fituo. -

.

b4
on 4 double loganthmue scale When you tabethe g« = <" €
o ' then a hnear relationsiup between these values
T ~lnminthms to fit a power fune-
3

=t to bramn

5p -
wu
¥
th
ap

Auua o
therefore the error m 1080 v i
thaugh the ommnal absolute yalues have a mown. f
vatiation—from § grams or so to 5 000 kilograms.
Perks Y amee that 1f you have reason for 4 relationshup of that
‘* e may case the anthmetical processes
=~ of 3 peneral ihm,ry of
nv.,
eaPdue, +
this {orm -
f;;n‘f:x “* Phese relations, and no other wutcau -
Co
and
MOT L

:
It b however,

2 s
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raay Taahe a difference between the curse bulging up one way, or
bulging dou» the other, The Inrgest possible dispersion of effeets s
found here, wiuch brings us ta the nlln:\ of the 30 per cent survival
age point, To get a time scale which cnables comparisons to be
made betwee 7 % of smmals, on the other hand, you
need sonieth . . ' UaFehange, s

suggests tha . oot
although the heght of tue ; ~ .
pated deaths and so on, the actual movemuns - .

particularly sensitive  So whide st 1s unprofitable to talk about wa
ideal hfespan, 1t 18 quite practieal and profitable to fook at lorge
fanylies of curses of death for the same speetes, and see what hnd
of shape they tend to s general, so that you can get for the different
speeies a typical modal attomned length of Iife, winch you could use
as the tune seale

Cornfort  This 1s Bodent ’s ¢ physiologeal longevity”
(Bodenhemer, ' S (1938} Problems of anwmal ecology Osford
1 N oead

. . ' ou should all tahe an nterest m
ey I think it s 1 very good thing
that oil senttsts stouws v . " ic totabion if there s ane which

15 generally accepted  Dr Benjamin has meladed some of it in lus
paper and I think it probably coukl be extended to caver alf your
s

need:!

We bave heard the phrases Wfeepan and agetag arer and over
agoin but I do not think you wall ever succced m ngorousty definng
them. I thinh they arc best left as rather vague concepls, as we
know 1n general what e are talking about

I have been a hitle puzzled by the esteat to which logs hiaye been
taken of varous obscers ed figures “Fo me 2t only confuses the issucs,
particuiarly when you has e a groph on a oganthnue scale, although
1 do underst. t wes gt s peeessary to do that to cont-
press the gray . ' %o 19 na exeuse for
takng logs u .
and apparenuy «

13 not there if you do not take wps
residual mean? When you &xhe s logarithm of tue <o, T
mdex and then associate 3t with n loganthm of bedy wught, and

fimsh “t alopanthm of a hifespan, what docs it all mean?

Th te trehmque that miught be asclul for
those “+ of pmmals i {heir
naty . H - nerps,
butotic. 3 . A
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That scems W
one 15 faced in

-

AN man  Lian — N

what Dt Chatty has smd 1 feel Wde withdrawing thus commetw,
because if 1n other species the probabihity of their dying in the Beld
ineseases With age, this s the fundamental thing ¥t eomes bach to
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use an anth jlog scale, anth for time and log for sursnval, so that
constant mortality gives o straaght hine

Tanner T hay e heen sitting here for the last half hour witha very
strong feehing of déja vu The people who are anterested w growth
have been fittug grow th eury cs with decreasing enthustasm for nbout
35 or 40 years 1t sccms to mic that you are pursming 8 vertigmous
and descending pathway t

I do not think there ts any thing m the general pspects of growth
which leads one to suppose that the sllometric relstionship is very
useful i general  There may be wstances where it 1s necessary, not
from any theoretical considerations but because using logy produces
a strayght Iine, 1 do not thuk that there can be any other justifica
tion

Sacher A transformation such as the loganthnue cannot inerease
the amount of information contamed in o set of data so sf the cor-
relation of the transfarmed \anables 15 0 994 thi expresses a fact
about the data se that onhy o fraction of & percentige of the total
varianee 1s orror varance when the proper functional relation be-
tween the vanables 1s found  No a preore justification 1s needed for
the use of the power function  In o own and Brody s data there
1s no question about 1ts appropriatcness  lhe fact that some other
data are adequately rectified by o hnear plot 1 interesting but 1t
cannot contrasene the allonic trie relations us thes hate heen estab
hished 1n many other cases

Chutty My particular problem 15 to tmd out why ammal popu
lations 1 nature do not go on ereasing indefimtely and what 1t1s
that they dic of Most prople up to the present have conadered that
deaths 1 nature could be almost entirely nccounted for through
predation or eprdenue discase heavy anfestabon with puasites or
tood shortage but 1t 1s now dear that this 15 o wholly insdequate
cyvplanation particularhy for the huge mortalities which occur the
young stages  The problem anses  whot exactly s that thev die
of? ‘1 he suggestion was first made by P I Loshe and R M tanson
10408 Anon Ecol 9, 27) for the fild mouse that the b table
type of cxphination nught be pphed to_field populations In the
1aboratory you recogmize that with aye there is an inercasing prob-
ability of death from a variety of eauses shich are pecuhar to the

articular environments—that 1 to sav o group of mice m one
Fnbomtory would not have the same final causes of death as thes
would 1n another—but 1 cach case there ssould be the common fact
that as they grew older they became werensngly hable to die of
whateter it was that was peeubar to those coviromments The
field ¢vidence strongly suggests that this way be a profitable way of
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Tocking at natural populations, too The problems nosw becomes to
try angd find some f;{x’mral aw which 15 apphenble m spite of the
fantastic \anety of conditions i the ficld. 1 thynh ane would nev m;
pe to find any common cases of death assoeiated w 1th the actud
tune of death 1 nature Enery environment differs in its hazards
from exery other one The point 1s can we find anything m the
propesties of the anmals which does obey same sort of general law
under all these vamed eurcumstances? In other words what 153t that
makes an srumal wnereasmgly hhely to die regandless of what
actually hlls 1t 1n the end® Ve mught divide the problens snto both
mulbple snd single processes 'The finad causes of death w ould be the
multiple processes and there we have very httle hope of ntroducing
wurh wty but by conceatrating on suscephibility there may be
some hope of finding a common process which can equally well be
studied 15 thoe ansmals which tive to o great age i the laboratory
and those whoch die at a much younger age m nature Eaactly how
ane goes about this Ldo not hnow and that 1s the point st wiachmy
woth1s hung up 1 hase to account for very violent changes m the
probatulity of saryal ot different times of the population eycle, and
exatly where does one go 1o Yook m the organism for somethmg
shich may be an wde of this ehange m properties? ‘That scems ta
’g:ﬂ 1o be very sumlar to the problems with which one 1s faced n

~~onnt for the intreanng probabiity of desth with age
s ? =¥ ve to an age at wiuch you can say
t " N * + »sven 8t 8 much
N .
and Evar L N ’ .
question PO e s H
of senes LA |
probabua,y .,
and some mdex of phy siologica
trywg o find m any spectes
LhTm"" There does not seem to me to be any connexion between

< situation o non-domesticated ammals and the situstion i the
buman Al the other mammals and birds would has ¢ dhed early in
terms of husan growth The human was the only ammat which
seemed to be surviving long encugh to expersence senescent processes
Cellulas agemy smaght paradorcally hase been claser to the situation
"‘h’“‘“‘ than 1s the situation w the passerine For example After
‘\:e“ Dr Clutty bas sl § feel e withdrawing this comment
cause if wn other species the probability of their dying n the field
inereases with age thas 13 the fundsmental thing 1t comes back to
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use an ‘' fine seale, arth for time and oz for survival, so that

consta <trmght ime

Tan . ' Tast half-hour with a very
strong ! o grosth
hae boe

35 or 40 years It seth o
and descendmyg pathway !

I do not thunk there 15 anything m the generat asy « 3
which feads one to suppose that the allometrie relationshup is very
useful i general There may be wstances where it s necessary, not
from any theoretieal consideratrons but hoenuse using logs praduces
o strayght hine, T do not think that there ean be any other justifica
tion

Sacher A transformation such as the loginthmie cannot tnerense
the smount of nformation contawmed i o set of data 50 3£ the cor
relation of the transformed 1 anables 15 0 994 this expresses o fact
about the datt 1¢ that only « friction of a pereent ige of the total
vananee 55 error \anance when the proper funrctwonal relation be
tween the varables 15 found No a prior justification s needed for
the usc of the power function  In my onn and Brody s dats there
1§ no question about 1ts approprintencsy  lhe fact that some other
data are adequately Tectified by o hinear plot 1~ mteresting but
cannot contrasene the atlometric relations as they have Lieen estab
hished 1n many other cases

Chatfy My prrtewinr probiem 1s 1o fimd out why ammn} popu
lations m nature do not go on mereastng wmdefimtely and whatatis
that they die of Most people up to the present hay e conadered that
deaths m nature could be almost entrely secounted for through
predation or epdemue diseise heavy infestation with parasites, or
food shortage but it 33 now clear that thes s 1 whotly madequate
explanation paticularly for the huge mortalities shich ocetir i the
young stages  The problem arses —whit exnctly 1t thit they dic
of? The suggestion was first mads by P H Leshie and ' M Ransen
0 1040 {(J dnim Leol 9, 27) for the fiddd mouse thit the hft table
type of explwation mmght be apphed to fickt populations  In the
laboratory you recognize that with age there 1 an mercasing prob-
abihity of death from 2 vanety of eases which are pecubar to the

articular environments—that 15 to s a group of wmec s one
Fnbombory would not have the same hnit canuses of death as they
would 1 another—but oy eack case there wondd be the common et
that as they grow older they becaine wereasingly bable to die of
whateser st was that was peeultar to those (avirontuents  bhe
fietd evicdence strongly suggests that this may bea profitable way of
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senescence The nature of this grouping probably has some moral
! ce .
t that nmpressed me very much w as the duficulty of ey adua

mg tph?;gmﬁcmé of data obmru};ed frora ammals 1n captis ity 1“ tuch
are hiving w candstions of constant diet, no exeraise constant i mlmnl
alm véty httie in the way of seasonal change, and so on, Lo wluch
even arumals which hase been selected for laboratory purposes arc
not really 100 per cent adapted  After all the pernod of aptn!;or;
1o laboratory lafe 15 comporatively short compared wath the penod o
evolution I do not really know what can be done about that What
15 cutstandinply 1mportant 15 that wherever possible s pathalomst
should Jook at the animals when dead and thus should be done for
ihsects as much as for any other form of ammal Iife,

The toncept of 2 biological hme scale continites to snberest us
though it 15 obviously even vaguer than some of the other concepts
whieh, as Mr Perks remarhed are better hept vague Howeser, this
pasticular one 15 of no use o us unless we can measure tt It 18 useless
to continue to use 1t without exact defimtion
“‘S\'bate\ er the source if we exclude acexdents to

wiueh the mdivid
d does not in most tnst pibil

o mortaly™ wn & spectes o a Stram does dey clopin a typical manner
R 15 perf T * 11 been said that f one cause of
mortality *b rh we have had
data ana
would -
have suvived aw o :
elminating ane cause of death 1s nat, Lo

onally we appear to be dealing with 3 um Process e b4
Bgewng 15 i fact unitary however cannot be determinedt from the
4 ~ oresented v ath so far T am not at all clear to
w = of synchromastion of inde
P R NETY

s
the energy
one but
value
at amte
Uisisg
open to
study 0 s

We cught o use tmetabohe Pony ;..
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what I was trying to say before, that just as i growth we talh about
developmental age 5o we can talk about the probabiity of deattin
any given situation as doyvelopmental age further down the scale
If that 15 really true, of these annlogies can be made the same
ammls and man then we can use the results of both ficld workers
and the experimentalists much more usefully to shed bght on the
human situation

Comfmt Fhe figures we get for small mammals las e often misled
people mto thinking that all mammals behave i this way Wehave
only very few figures for the larger ones but there 1s some evidence
that many larger mummals 1 the wild aclueve hygh ages qute
often  Xwould be very surprised if somie of the targer wild ungu(}atcs
didn ¢ hye long enough to sencsce  Wald horses 1f one had the chance
of gbserving them may perhaps hine to = fawr proportion of the age
reached by tame horses

Sacher Porcupwnes ean survive until they are so arthnitie they can
llmrdly chimb trees—nobody comes up s zamst them exeept mountam
1ons

Verzdr Dr Clutty did you imply that the time of survnal fora
certam speetes depends on the number of mdiv duals hving at the
tame? I you put a paiwe of fish wn o pond they will have cortun
survival charactensties for thewr age  When the pond becontes full
with fish the population wiil become constant  fhen the mdividual
survival curve wall probably be different othcrwise the number of
fish would eontinue to werease whieh » muposable beeanse there is
not enough food

Clutdy  Phe number alisc has a very great influcnce on the survival
rate but the survial tune can cortainly not be predicted from the
numbers of the ammals alone  One must also take mto account the
behaviour of the population experunentally you ean have a fanuly
group of 50 ammals which 1s perfeetly amuable and has a good
survival mte yet with two anands W o suntlar spsce who are
strangers the survnval time of one of them will be abont half a day
The presence of other hostile amnials of the sune sort s 1 think one
of the strangest environmental factors which does affect survival
regardless of the amount of food av ulnble

- - * *

Danaells 1 shall not attempt wr amy way ta summanze ths meet
wg 1 have been considerably refreshed by it i many ways Yoo
have loarned for esample that man shunhs and porcupines are
amongst the few ammals who hnow how tosurvine mnto the perod of
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seneseence The nature of thus grOUPRE p:obably has some morsl

cance

PA pomt that smpressed MY ery mueh W3S the diffieulty of evalust
g the significance of data obtained from ammalsin caplivity which
arelvng 19, condations of constant dict, nO EXETCIE L alluamn

cons

shion very Tittle 1n the wa¥ of scaso change and so on 10 wiuch

even ammals whach have beed selected foF aboratory purposes are

ot really 100 peF cent adap ARer ail the pert of adaptotiont

tolaboratory fers comparati' ely short comparcd with the pmm\ of

ewolution 1000t really bnow what con be done sbou that. What
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desynchronize some of the processes which may be synchronized, It
may be 1 this connexion that we could make some progress by
studymg systens i which one 15 sormally desting with sy mbiosis
Here the brethmg-up of the symbiotic relatwnsiup nught reseal
phenomena which would be difficult to rexeal by any other method

A eeliular approach to sgemg would under certain esrcunstances
facilitate cxamination of the actual process of ngung, if tus 15 m
fact to some degrec umtary, but T am not convineed that this 1 so
with higher ammals  The agemg process m ligher animals may be
fundamentally a function of the complex of celly and operate at o
fugher level of orgamzation than 1s present w cells

Another pont swhich we have not discussed vot but wluch we are
probably all agreed upon 1s that it 1» qumte possible that hfespan i
man 8»> we see i now, v an eatirddy acerdental by produet of
seleetion for brecding ellictently at a much carhier age and does not
mn any sense correspond to socinl needs of the moment  An necuinu
Iation of expenience Wi become much more umportant or at any
rate cqually as unportant as physieal vigour, therefore socnlly
speahing there 1 a very good ense for am thmyg which will enoble us
to modify the expectation of bife m a riudical manner  Lovhng at
this from the long term pomt of view Ttk the possibihities for so
dong would m fact be good by chomal mcans provided agemg
does 1 fact oceur by o umitary process 1 on the other hamd it 18
dute to o 1ery ]m‘gc number of non unitan processes which do not
has e any conunon meschansm then L thank the duse sl approach to
extenston of hfespan s fraught with so muny diffwaltus that st s
hardly worth considersag oiustrate the ondorof moagmtude which
1 would espeet if there is a unitary process involved Fuauld ke to
refer brietly to the rite of mattion o rither the e at wheh
datge 15 caused Iy rudimbion Hoas of conre a tonabk by pathess
that somati mutation s one wan or another dieth conecrned
with the agzemg provess e are vl win bare billed by v dosage
af the onder of 100 v there wre other codls whieh roquan o dosage of
1000000 r tokall them Fius dullcronee of four orders « magmitude
is pot at proent s far as Ihiow accountabie for m any (tologieat
or physiologied terme whitenar Therdfine 3t o won aven
ated pranapih waith somaty muation or some othor gencsbized
mechansm of tus trpc wo mght expoct thut ander st ablc con
ditions bfespans taukd b v amed by thiat ondir ot egmntude T
sounds o ldtle ke «Genec b but bl of us hve seon s much of
what we reganded as saoncc fiction 20 vows ago tulang up sy
reality, that 1 think we must envisage the posssbility thit we may be
able to make radical changes m Efespan
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My final comment 18 that1 regard 1t 88 sgularly 1y unfortuns te that

so mouch of the research 0% cancer 15 conducted € sentially withoub
ference 10 the P enormens O} agengs © which . 10 15 8 P&

1 behese that ot only would 2 study of ageing benefit from more
Lnowledge of what 18 gowg on 1% older anumaiSy - but the whole field
of 1 estigatic o ot benefit equa\\y, and perhaps far
more TIS fo Anqderable degrees
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My final comment 15 that X regard 1t as singularly unfortunate that
so much of the research on cancer 1s conducted essentially without
reference to the phenomena of sgemng of which T think 1t 15 a part.

: + anly would & study of agemng benefit from more
m Tdew amimals, but the whole feld

of A wethaps far
w

Bt b .

plantable tMOUTS W6 yuw .
then seeing what could be done i the way oc w - N

conditions—a thing which does not approamate very ciosesy .
what happens w the average human patient, Prof Vghlbock’s
laharatory 15 3 stumng example of an mnstitute where thys 1solation
of eancer research from ageing research does not oceur, but I hope
it wll not long continue to be one of the very few shimang examples
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NOTE ON SOME MATHEMATICAL MORTALITY
MODELS

R E Boarp
Pearl dssurance Co Lid London

1 A satisfymg basis for o law of mortabity weuld be a formula
that, starting from some fundamental concepts about the trologeal
agemg process, led to o distribution of deaths by age which was
compurable with observatianal data - Such comparison would not be
smple and strughtforward beetuse environmental and secular
factors would mtroduce distortions as compared wath the theoretical
underlying distnibution

2 In the counc of numencal work cvtending over & number of
years, on the expression of lmman mortabity functions by mathe
matical formulac vanous attempts have been made Iy the wniter
to develop an approach on this bisis  bhe ruits obtawmed huse not
led to any satisfyng formulic but they are suppestive of different
hines of 1pproach and has e been summanzed below i the hope they
may be of value to athers mterested m the subjeet 1l note follows
the sequence m wiich the wess have developed m the mind of the
writer and leads frans considerations based on the foree of mortahty,
14 to those based on the curve of deaths pf,

3 The first mathem itical expression which provided a reasonable
representation of the observed force of mortality i human data was
that first propased by Gompertz (1523) and iter modified by Miker
ham (1867) Basieally the  Ian  wos demved by pustufnhllg 3
relationsiup between the rate of chimnge of the foree of mortality st
any age and its value at that age  Fhe nest sgnsficant modific stion
to the Mahcham law was the system of curves devssed by Porhs m
1032 and of whch the import uet formula was the logistie  Many
human hfe-tables have been graduated by thas bae curve modihicd
i some tastances to allow for specal features of the data partiey
larly at the younger and early mauddle ages and the dear fact ements
that adult buman moriabty can be very well represented Iy o
logistic curve of the form

g = o = B D) (2}
302
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whach will1 . .

which 1t s ¢ - .
19398, 1931u; advaes o~ o .-

L\\.es,..l‘.l&e) . ¢ ihe onhnate at age @ of the cure of
3 . .

1
1

JRETVR—

Quency eurses which can be used 10 TEPIESENT TNE Gesttssuviss ~
Rt} not otas

) .

® .

1 .

¢

T

'

IUTldliny LaUIts a3 ik ey svy

P 5 (Coard INATAL v

1€ LIuse BALIE R s

Vg e g e v -

time )
Gompertz' Jaw anses by using condition {c) only,

1e dpfdr =l whenee p,=Be*

\lzkeham's law anses by using conditions {a) and (e},

e dpfdr = Mp—~d4)  whence p, = A+Be*
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1 become
9 The dilferences between formulae (4), (S) and (6) Wi

appareat oaly at the old or very old ages and unless the rlfata w;;e
extensty e the dufferences would be unbikely to be sigmfieant a?l;lm Yy
nureneal processes From 2 seeentific pamnt of view the maxdels are,
ot;gm;;, gmm flrens & to the question, but stifl based upon
rates of hity, 15 o o the cond! necessary for t‘;i’x e!;
be a Perhs {logssic) curve, grven that the population can be strsi
according 1o a longevtty factor and that the basie moralety n\‘v‘ B
Makeham i form {Beaxd, 1952b) Thus let ;i be the force of mortality
attumel =age) A for the group having longevity factor # and fet “‘)ﬁ‘:’
be the proportion of the imstial population having factor £ Then the
sanivors of ¢{s) ds at tune & axe

dey s exp(~ |} ) 4]
and the tots] survnors at time &
I = [ 9 exp(~ !: p:dt)ds {8)

where the wtegral 15 taken ovex the whale range of
‘The force of mortality at tme & {= —~d log Ljdh) 1s then

_somen(-] wa) as o
Torea(-Jud)a

11 From formula {3) ot will be noted that p, 13 & weighited mean
of g {= pi say} Swice the number of hyes with heavier maortalty
vl duoarish more mpdly than those with hiphter mortality, 7 will
decrense with snereasing & 1f the basic mortality s Makeham m
form then dyyd! wilt show a slackenng off at the ugher ages, e,
the sigmoid feature shown by a logistic cune  In order to meet
practical canditions some bmstations are necessary on the form of
#(9)_the lower hnnt must be > 0, but the upper hmt can be .

12 If 3t be assumed that ¢(s) 15 a gamma function such that
${a)ds = ks* ¢ ds {D < 5 < ) and that the mortality function for
Ha}is g = x4 fre® we hanve

forertos g ([ sprey a) as
e S e L {10}
[T (- asme #y i

B
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which reduccs to

- {p+1)gacH
B ¢+m (11)

wluch 1s a Perks (logistic} form

13. The results of the wnmedintely preceding poragrophs are
mieresting m that the hatmg value of g, anses from the manner e
which the *mived” pepulation runs off  They have a certain appeat
n that they are based on the assurption that the pepulation s not
homogeneous i regard to a mortality {or longevity ) factor and that
the mortahty for an wdividual group continues to mnerese indefl
nitely  Ihe imting value of g, —a 85 A—co from formula (11} 15
(p+1)A = 42/8, where B, 15 the Pearson moment function of ${z)
Yor humsn lises p, ~ 0 6 at the kot accarding to one farly recent
mortality table and A ~ 0 1sothat 8, ~ 0 07 1¢ ashew distibu
tion with a tul towards the higher vatues of 5 If 515 & heredity
factor, then stability of d{s} over generations would unply ferthity
rates negatinely correlated with longevity  otherwise the shorter
rc{)mducme pened of thase with Iigler values of ¢ would lead to s
falling average value of 510 the population It 1s an mteresting co
medence that the distnbution of marned women according to
number of chddren born has o B, corfliaent of the order of 07
{Papers of Roval Comnussion on Population 1330)

14 The assurnption of other forms for (s} m formula {9} leads to
other forms for ;, which ean have the approprate shape but which
are not contement mathemnticalhy \ndl no expenments have been
made 1n this direction

15 Irom the pomnt of view put forward in pargraph 1 formuls
(10} susffers fromt the ohycchion that 1t = bised on the asssmption of
a Maheham faw, and s thus base By empireal A furtler approeh
to the question 1s to build up moedels bisad on the so called shot
hypothiesss  wm which mdividuals are asumed to be subjert to
random fifings and are sssumed to die when they have boen hit
n speesfied number of times  Iwo mant types of modef hase been
mvestigated, which are nfirmd to bddow as the forward  and
“hachward ' models revpectiely  In the fors and modd Iats are
assumed to accumualate and death to oeeur whon the tohd 1owhes a
certan figure  In the bachward mok ] the mdissdual 15 avsaued to
start with o quota of umits which are progressnedv lost m time
denth occurnmg when the total nomasing falls Ixbm 2 corlan

6

gure
16 The smplest fornand medel » derned by assuming that the
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chance that an mpdividusl is tut n an mterval de3s p; Hus leads to 8
&iferenee-differential equation

O e pttapn a2
where 17 tepresents the number at time £ who have been “lut” «

tunes 1f1, 1s the number of individuals at time o thena solution of
equation {12) 15

12 = L e (pi)fa? (18)

1 the number of huts causing death 15 7, then the surve ars at tune
are

L= Ler {TH(ptiti+ o+ (r—1)1}
and the deaths m the interval ¢ to t+d¢

plo=ler e 1)1

(13)
The force of mortahity at hime 215
L et byl {pt?
e 11 / {”v * Foh
= per(ptyt }5: et dr (15)

Formula {15) shows that the curve of deaths s an icomplete gamma
Tunttion, or 2 Pearson type 111 curve p, has the value O for (=
and asymptotes to & value p at € = w (Beard, 19396}

17 A more natural function than u, n the present context 1s to
xlxse the function wineh bears the same relationstap top,l, asp, does to
L, e

dognly  1dp
a Rkt ¢

and from formula (13) we find this to be
dilogy, =1
Mol ' (16
18 Attempts to use the formula of
mortality data hawe been unsuecess! i agraph 10 on human

fu, the shape of dQog g, 1)/di nag,
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which reduces to

(p+1)BA M

oy == o ST
1 +(‘W\—ﬁ)+5”" (11}
whieh 15 & Perhs (fomstie) form

13. The results of the dintely 3 ting paragmphs are
interesting w thnt the hmating value of 4, anses from the manber i
which the “suned” population runs off  they have a certam appeal
in that they are based on the assumption that the populihion is not
homogencous in regard o a mortahty {or Jongevity ) factor and that
the mortality for an mdividual group continues to merease defi
mtely The nuting value of p,~a as -+ from formula (11) s
{p+1)A = 478, where § 1s the Pearson moment function of ¢{s}
Yor human Iives i, ~ 0 6 at the hnut according to one faly recent
mortality table and A ~ 6 1 sothat §, ~ 0 67 1 i shew dotnba
tion sith g tail towards the hngher vahues of « I 515 o horedily
factor, then stanhity of ¢(s) os or generations would inply fertihity
rates negatnely correlated wath longovaty otherwine the shorter
reproductiy e period of those with gher values of s wauld Jead to s
fathing syerage value of ¢ the popidation It s an mieresting co
wmedence that the distnbution of married women acconling to
number of chiddren bora hiws a £, toctlicscnt of the onder of 6 7
(Papers of Roval Comtupsion on Population 1 130)

14 The assumption of other forms for ${s) m formula (93 Jeads to
other forms for g, which can have the appropriate hape but wluch
are not conyement mathemmtioally and 2o cxpenme nts hnve been
made i this dircction

15 Yrom the pomt of view put forward m paragraph 1 frmuls
{10} suffers from the objoction that it 1 bieed < the assumption of
a Makeham law and s thus basically coprreal A further approach
to the question 1s to build up models bisced on the o oalled shat
hypothests  m which mdindual are wsumad 1o be subject o
random firngs and are assumed to die shen they havd been bat
a specsfied pumber of times 1wo nvun tpes of modet have been
smyestigated  which are referred to hdow as the  forw ard  and
“hachward™ models respectively  In e forwand moded luts are
assymed to accumulate and death to occur when the totaf reaches o
certam fgure  In the bachward moded the mdis sdual 15 asstned o
start with a quola of umits which are progremnvels lost o time
death oceurring when the tolal remunmyg falls below a corlam

By

3

H
g;‘s The sumplest forward modet is derved by assuming that the



A?mxmx

e plo-0Y st

the solutio™ of which ¥ 1 leads 10
=l

tmnwhmh
duog ) _ p— -1
ul—l
o~ 1l

at \l\e oth

 the deaths
and ~ 110 Sct humn
22 No cbvI9%> p hysi ca\ mode\ np
elationship &7 n be Wi cward fort®
a atl o

wwhiechthe Tate ch
of units remanng dhndad hy the years
From ah\o\og\cal w the concept of & fin
Ty, bub the fact tha!
ard form!

est back™
e
e . —pht gt
umt at 1ate Pe

23 Th siropl

whepe the orgamse® s assumed 10 lose &
(28

s has & sOWROR
=" kpl)""l(n— an
1§ deathis assumed to oecul

where 115 a mmm units
fa“s be\ow
@

when the m
d lo
dliog ) g [P R _‘,__’
T form O equauon (6) and 15 pot SW qutable for ‘human
24 By assumidg {hat the T8 oflossof umt 15 proport!
of un! aming the relation PR ronel 12

Thswof sunila®

—p(g o) pyppet) B ©8)
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fiting well to observed values which show a negotise seeond dif-
ferential coeffictent ovcr the adult ages,

19. As an extension of formula (12) & model can be set up
whieh the “hats™ iz an interval can be single, double, ete, 1 known
proportions. The hasic relation then takes the form

LA " -
5 = PRI )
This can be tategrated to
oo pe S fn) i {18)
. \ v i '
blh-ty of a “ht” s d pendent on the ber of “Ints” ded
already We then have the folfowing
iy
S = ~(Bps) FH{Bap a1 19)
&

Tius can be integrated to gne

1« Fathicad .
=t (ﬁ) {1+£> (a—l«)—f)) (=1 (20)
with
i(log p.d, - e
‘(%F") = ~{f+a-1p) +“.«‘l’{' 1)

Here agan the form of cquation (21} does not sccord with observa
tions from human data
21 In the attempts to fit these forward type formulne to tuman
data it was found (Beard, 1930, 19320} that setnfactors numernesal
resuits could be obtamed By expressng p, 10 gammn function {orm
subject to o termul age w, te the minste taf of the cunve ts the
opposite woy round to what wonld be comudered naturd  Tins
formula, after chimnation of a constant clement represcatiog
scaidental mortabty, can be demed from the difference tifferential
equation
dl, 3 ek ™
= it~} (22)

1
y
@t
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27 Caleul of the {s of the b of deaths by
age for  population of mice {Greeawood, 19.28) shows that a Pearsonr
type 111 {gamma functron) Wwould give a far representation, bgt. as
with the fumen data, the curve 15 the “apposite way round™, 12
subjeet ta 2 termumal age Ry wference the Perhs (logistic) cure
would g e a farr representation of this data  No caleulations have
een made on ammal data or on physical abjects such as electric
Iight hulbs and motor eats {e g Cramer, 1958} but it would scem
worth while frymg to find out if observed data of this Jatter type
would distinguush betsseen the two types of processes
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may be st up, This has the solution
IF = b enj{) D empptats (29)
If death occurs when the units fall below o, we fiase
L= g,l,* = Rf(1+ D)t

=1, D} + DPERJ(1 - Deript= (30)
We also have
dilog 1} B+ a3} pDe?
T TP A ipe @n
and
- 2B +aIDe
BT Do @

We have now found a dulference equation model wineh leads to o
Perks (logistic) formula forg,  In formwla (31) the upper humt of 15
plBra, g~ 0 1 and the lumt ~ 0 7 5o thust (§+2) ~ 7

25, The dstnbution of = m the population at age 0 ymphed by
cquation {29) 15 u dicrcasmg geometnicat progression 1e

b n D
1+0 (427 (1 D)

Tor bnctuan wartahits D ts smndl (of the order of 10 *) so that the dis-
tibution 1s very slowly decrvusizgy with monasng 2

26 The signficant result which cmcrges from the (ypenments
made clong these ines s that to provih roewlts whsch have some
reasonable semblance to obnerved humta mortalty the bachward
type of model bay to be adopted Ty s capvistent with death
being regarded us the culhunation of a degenerative process such
that death occurs when the onns ruhes & ccrtain lesel of
degeneration. The mathemate of mededsy are boed on numeneal
results for adult ages and mierpolation back to birtdh »s possibily n
queshionable f)m». a more sust 1ble approash bemng to ngard the
Bfe and death procesy 65 o penod dunng whieh the organsm 18
bulding up to 8 comples situation with a subsequent degenertion
This would Jead to models i which the whole of hife pracess would
Dbe Joohed upon as the resultant cifect of two opposing forces,
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