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PREFACE

Trs volume represents the fourth collog 1 the Ciba
dation’s prog for the g t of basic
rescarch relevant to processes of ageing which was mtiated
by the Trustees early i 1954 In lme with the semes of
conferences begun earhier on Endocrmology, these meetings
are arbitranly described as Colloquia to distinguush them from
the single conferences on 1solated subjects which are known
as Symposta
Tius colloquium on Water and Electrolyte Metabolism n
Telation to Age and Sex brought together a number of peaple
workang oh these problers from very dierent angles, with.
what success the reader may judge for humseli Membership
had to be hmited to a small group, as usual, but 1t 15 hoped
that the published proceedings will have a world wide
readership and will prove to be of value to those workers
m ths field who could not be ashed to participate on this

occasion as well as to others not so closely assomated with
such research

Professor McCance, who directed the meeting with firm
but frendly shall and spht second time heeping, also gave
much valuable help to the Deputy Director in its orgamzation

and planmng  He and Dr Widdowson have contnued their
assstance with some much app d advice on ed \
matters

To those to whom this book serves as an wtroduction to
the actinities of the Ciba Foundation 1t should be explained
that 1t 1 an imternational centre which owes 1ts ception and
support to CIBA Ltd of Switzerland Under the laws of

England 1t 15 established as an educational apd scientific
chanty and is admimstered mde

ndent), )\
its eminent Bntish Trustess ™ by snd exclusinely by

v



i PREFACE

The am of the I'oundation 1s to 1mprove co operation m
medical and chemieal resenrch between workers in different
countries and different diseiplines At 1ts 200 year old house
in the medical centre of London the I'oundation provides
accommodation for scientists of all nationalities, orgamzes
conferences, conducts amedical postgraduate exchange scheme
between Great Bntan and Irance, arranges a vanety of
informal discussions, awards two annual lecturestups, and 1s
building up a bbrary service in special fields In general, the
Foundation assists international congresses, scientific institu
tions and indiidual research worhers as much as lies witlun
its power
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CHAIRMAN'S OPENING REMARKS
B A McCanem

Wien 1 first beeame wterested 1p electrolvtes sume 25 or 30
sears ago, there were ot many other people terested in the
flpeet Sndeed, 1f they had been collected together thus
room for o symposwm, they would have rattied shout ke
pasmapod But we d1d not mees The pord has vo Yarger
then but there were no faury godmothers hbe the Ciba Founda
Yion to transport us from distant parts of the world to Londen
1 machmes Rying st hundreds of miles an hour in order that
xe myght see each other Now there are so many people
interested 1n clectrolytes that if all of them sere to come Yo 2
meeting we should hase to hold 1t in Trafalgar Square, or i
were wet n the Feshival Ha)
We owe our fary godmother o lot of thanhe
The subject of clectrolvte metabolsm hias des eloped snor
monads  the reahize now that clectroly tes enter into practienlly
esery reactiva thit tahes plice in the body, but we shll hnon
sery Iittl about a great many of them The funchions of
magnesam Torexample are still very much of a mystery, and
of anabody hiTe con threw any kght ont tins efement 3t would
By stiwbung . We sl hnow extremely httfe about how
and why the Wotn} amounts o} the vasious clectroly tes in the
body are mantaned Wiy and how ehery refationships change
wath s sBUP each indus dual eell 15 playang and it
et a ehanite sn e rest of the hods may have on on nds
B e o U st ofth el
RIUAMC You see that we have been

wbadd Lo Ay o put torether our
e nasledye and o
alw U water and eleetrodvte mpeaha] o o o

ks n relation to age and

ey, }-m v‘.‘\\l»btd\m the days have boen disided u;% The
it dy will te * i

~ “H‘)‘ nlt evoted Yo :.enmll ponciples”  Then we



2 R. A. McCance

have “The developing orgamism®, and lastly “Senescence
and disease”. I recogmze the problems that arise when a eol-
lection of “experts” get together: some people who are gomg
to speak today may not have any experience at all of the new-
born baby or of the effect of age on elcctrolyte metabohsm—
except perhaps on their own, and I hope they hav e not had too
much of that! Prof Wallace can hardly be expeeted to be very
nterested m old age, he would prefer, I dare say, to hsten toa
paper about congenital heart fmlure rather than the onc about
congestive heart failure which Dr. Fejfar 15 gomg fo gne.
One of the objects of the sympostum, however, 1s that he shall
do 1t. People speaking on Thursday, morcover, may not have
thought about & newborn baby’s renal function since they were
ongc themselves! At the same time 1t 1s very uscful to have a
collection of experts brought togcther ke this, 1f they—so to
speah—play to the title. We must always try to keep before
us the object for which we hasve been brought together, that
15 to say to pool our knowledge so far as possible about the
metabolism of electrolytes in relation to age and sex

As n corpus for dealing with electrolytes we may be a little
bit Iight on hormones  We could do with a few more specialists
1n this field—there may be some unknown ones here who will
introduce themselves later—I hope there are! We shall re-
quire their assistance and I hope they will not be afrmd of
saymng what they think, when they think 1t They will have

. B X v

Iamiery

. . : L come Ie

15 an old friend of mine and a very old friend of paediatries

and electrolytes I saw him not so long ago and he was much

looking forward to this international gathering I personally

think he wounld appreciate 1t sery much mdeced 1f we were to

send lum a letter as from the conference, s g How mweh we

are nussing lum. With your permussion I shall write a letter
and send 1t off as from all of us.



' QGICAL
EVELOPMENT OF PHYSIOL!
T“IEI"EI(’}ULATION OF WATER CONTENT

. F. Avotrn
d Dentustry,
Department of Physiology, Schoot of Mederne an
U

Tafoersity of Rochester, New York

Tie plan of this study is to single out one way of measuring

the physologcal regulation of body water content. This \va::;
will concern water exchanges, that is, water ntales as:
outputs By ase of it, the ontogeny of reg y YeSP o

£10 1 flatin restraint frame  Dnlang water Is avadable in
remoeat {e beaker unne is shed into funnel. From Adolpb,
Darker and oy (1055)

excesses and to deficits of water will be traced. We and others
found that at barth the responses whereby constancy of body
water 15 m q are small ¢ 1 to those of older
ammaly The several relations involved in this regulation will
be deserabied Jargely by means of data on laboratory rats.
Water exchanges vary eluefly in the excretion through the
unnny tret and i the dnnking snto the alimentary tract,
‘They are measured upon a rat confined to o frame (Fig. 1),
The unnary bladder 15 reflexly emptied when the rat and
frame are rarsed and lowered, whereupon the unne enters the
a




4 E. F. Aporrnt

funnel and a tube held beneath it. Drnk 15 taken from the
beaker, which can be freed from the frame and weighed at
mtervals The weight of the body, ascertaned while the rat
1s m the frame, measures any nct change of body water
content, mcluding evaporative losses

When an adult rat has been foreibly giv en an excess of body
water, 1t promptly cicretes water more rapidly than usual
The urine flow varies hinearly with the water excess present
m the body, as 1s shown when one plots the first hour's output
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WATER LOAD, FERCENT OF BODY WEIGHT

Cic 2 Tquhbration disgram for water exchanges of adult
rat  Constructed from data of Adolph (1936) and Adolph,
Rarher and oy (1054)

of urine after water 1s forced nto the stomach in relation to
the amount of water c\eess or load (Fig, 2} When the rat
has been dehydrated by bemg deprived of water for vanous
pertods of time, water 1s drunk as soon as allowed, and the
amount drunh 1s roughly proportional to the water deficit or
negative lond Excrction and ingestion arc symmetrical
activitics that speeifically and appropriately compensate for
the disturbances of water content (Adolph, 1913) Many
tests seem to show that the nccuracies of compensation by
drinhing and by exercting arc about equal when the water
loads are of equal magmtudes,
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Prusiologicst REGuiATION OF Warer Covrent

the

1oms of exchange to content shownm g 2,
eqzx\;n%:::n diagram, form a useful b for nndﬁamigﬁ
the regulotion of body water, and of many otber ﬁmm\
ferts They show the speafitrty of the responses reqmﬁr
{or corstaney, the seuaitivities with winch they occu{; cheb
gromptness and thew accuracy. 5 fixed sct of r; !wn .
therefore, sutomatically heeps the mt i water b nmzi

Sumddar elations have been worhed out for a number
other species armong mammals, other vertebrtes, and some

bz Biangs
£ VT \ i

¥ scerct oot

Fpretat Fee tonmym,
Restus 1'.;(‘,,’\
EAN O -1t re
R
e 3tuta
Y
A Eadde’/ C

*anje
Fit 3 Bldder cannula and s method of placement io
fant rat From Hoy and Adolph (1946)

vertebrates (Adolph, 1943) Muoch effort has alo been
expended by nvestigators to find through what messages and
effectors the adults automahe responscs are exeted and
mediated, those features will be fargely neglected here

Are these relations alsa present 1n young animals, and when?®
\re they the same as m adults® This question we tned to
answer particularly for water excretion, and first for newborn
dogs (Adolph, 1913, p. #67) For rats ne needed an aceurate
method for measunng ynne flaw at all ages, and eventually
found 1t through placezwent of a plastic cannula i the bladder
Fiz 3} Unne 15 therealter pollected by evserting a capilary
£glass tube on the eanmda, and measuning the posttion of the
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funnel and a tube held beneath 1t Drimk s taken from the
beaker, which ean be freed from the frame and waghed at
wtervals, The weight of the body, ascertamed wlule the rat
15 the {rame, measures any net change of body water
content, including evaporative losses

When an adult rat has been foreibly g1y en an excess of body
Wwater, 1t promptly exeretes water more rapidly than usual
The urine flow varies Linearly with the water exeess present
in the body, as 1s shovwn when one plots the first hour’s output
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WATER LOAD, FERCENT OF BODY WEIGKT
Fic 2 Tqubbration diagram for water exchanges of adult

rat  Constructed from data of Adolph (1936) and Adolph,
Barker nnd oy (1055)

of urine after water 1s forced 1uto the stomach m relntion to
the amount of water excess or Joad (g 2)  When the mt
Iias been dehydrated by bemg deprived of water for varous
periods of time, water 1s drunh as soon as allowed, and the
amount drunk 1s roughly proportional to the water deficat or
negitine lond  Dxeretion and 1ngestion are symmetrical
activities that speaifieally and appropriately compensate for
the disturbances of water content (Adolph, 19td)  Many
tests secem to show that the accuracies of compensation by
drinking and by excreling are about equal when the water
londs are of equal magmitudes



Praysiorocical REGULATION OF \WATER CONTENT 5

The relations of exchange to content shown n Fag 2, the
equiibration diagram, form a useful baws for understanding
the regulation of body water, and of mam other body con
tepts They show the spearfieity of the responses required
for constaney, the sensitivities with which they ocecur, ther
promptoess wnd therr nceuracy M fived set of xelations,
thesefore, sutomatically heeps the rat n water balance
Symdar relations have been worhed out for a number of

ather species among mammals, other ertebrates, and some

—a—Incson ~flangs
fgn T \
Vicers Bo teneum—|
PRoneta Po tansum
Re (us Aux‘ﬁe\ '/
AN

g wild

Frc 3 Bladder cantula and its method
of pla
nfapt tat ¥ rom Hoy and Adolph (m‘:u;!mm "

invertebrates {Adolph 1943} uch effort has also been

expended by 1 estigators te find through what messages and

eflectors the adults antomatic responses are exaited and
medated those features will be Inrgely neglected here

N Arththese relations also present 1n y oung ammals, and when?

te they the same as m adults? This question we tred to

x‘\;;i\; er\;éartwulmlw for water excretion and first for neshorn
ow a ages and eve

:;):;\d ;)t tl‘er;)‘\:ih‘ spls‘c:rr:e}r:t of nup!ashc c'u:nula mthe l:‘l:::;le);

after collected b
glass tube on the cannula and meawn\x:;‘tshe: ;2?@53‘:?2&



4 E F Avorrn

funnel and a tube held beneath 1t Drink 1s taken from the
beaker, wiich can be freed from the frame and weighed at
mtervals  The werght of the bods, ascertamed while the rat
15 1n the frame, measures anyv net change of body water
content mcluding evaporttive losses

When an adult rat has been foreihly given an excess of body
water, 1t prompth cxeretes water more rapdly than usnal
The unne flow varies hnearly with the water excess prosent
m the body, 1s 1s shown when one plots the first hour s output
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WATER LOAQ PERCENT (F BODY WE GHT

Fic © Fquilibration dingram for water exchanges of adlt
rit  Constructed from data of \lolph (1906) and \ lolph
Rarher an 1 Hoy (1958)

of urine after water 1s forced into the stomach m relation to
the amount of water excess or load (Ing 2) When the rat
has been debyvdrated by bemng deprived of water for vanous
periods of time water 1s drunk as soon as allowed and the
amount drunh 1s roughly proportional to the water defiert or
negative Jond  Laerction and ingestion are symmetrical
actrcaties that specifieally and approprately compensate for
the disturbances of water content (idolph 19#3) Many
tests scem to show that the accuracies of compensation by
drinhing and by excreting are about equal when the water
loads arc of equal magnitudes
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anfidiuretic hormone until the water excess 1s removed This
theory 1s widely accepted for Is o lly. In nfant
rats above five duys of postnatal age we found that water
diuresis was mhited by myecting mitressin (Fig 5) But at
two days of postnatal age the diuresis was unabated by this

URINE FLOW s WI/HR

~

da
eepton. From Adoiph (1o
b
substance It 15 \uﬂxkel&y that the foreign pitressm 15 1n-
and not at another, and pos 1!
\tl‘\‘fea:x!:.ur:nal tissues are insensifive to 3t (,Heller? 15)5;‘3.!1; 1}3‘3:
by mse ;;x}\l}::r:;t cotx;‘dusmn 15 that druresis can be aroused
s tha
o neweehy o n the withholding of thy

¢ hormone 1n
At thus partieylar age of two days a



6 E. F. Aporrn

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
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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 dwresis 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 sdrenaline of noradrenahine induces o full blown
duurests on the vers day of buth Es Wently the capanty for
exereting water at 3 high rate 15 present hut s avousil
depends on the particular form of stimulation  Consequently
any discusston of structaral 1nadequacies or functional 1m
matunties stems beads the present man pomnt, which 15
that the speasfic respending system of the newborn rat 1s not
tuned to witer excesses

Hence we nre prvileged to see a pin siologienl regulation
Imerease 1n intensity 10 the growing individusl The regulation

1
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Fre T Courses of development of four types of diuresis
ris B =Dbrth From Hoy and A(’lm\ {19.8) »
daly materralizes whether the rat has ever expencneed a
water gxcess of not the elements necessary for 1t are there
st;r:e of fhem long hefore this matenalization  What gmdes

s b det its pomnt of adult

and
fixation 1s unhnown  The fivation 1s
till subjeet to o small
degree of adaptation reswibing fro ¢
m
wa.;t:r excesses { Adolph 1056)5 previous expowe to
he control of water intake on th
e other hand 15 much Jes
T:g::;b:t:h\a§ \:e control of water ehmmation In ;mi;
ke dogs {Adolph 1943 p 267) refuse t
;:‘:‘tt;r e} e;\naiter dehydration  According to I\f&ﬂckoﬁ?:ék
and Diouba (1956) as late as 28 days after buth young
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response 1s thus uncosered which 1s mediated through some
other channel ordinarily mashed by the known hormonal one

The mtensity of diuresis 1s 2 function of the water cxeess
at allages (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 n plasma and several other tissues
A possible theory of maturation 1s that some slowly develop
g process or structure Iinmts the rate of water excretion
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WATER LOAD % OF WT
Fic 6 Water exchange in urme in relation to body water

load at each of three different ages DD\ days after con
ception I'rom Adolj h (1057)

Ths 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
However, m order to see whether diresis 15 1mpossible at
birth, we tested the eapacity of the mfant rat to respond to
several other stimult of diurests To concentrated salt solu
tions the diuretic response s practically ml at birth, and it
matures even later than the water duurests (Lyg 7) 1Ty poxm
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
ith the age of the rat (Fig 8) What controls the absolute
content of water and of each sclute? The answer to this ques
tion 15 not avalable Obviousl all the stems that enter the
determunation of growth and 1its correlatives participate in
these controls Ths 18 o problem that has barcly been
visuahzed and one whose analysis may occupy many physio
logsts wn the future

In general the ready corrections of water evcesses and
deficuts result from specific response systems for dwresis and
for water dnmhing The systems vary between infant 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 drink more milk than water in recovermng from debndra-
tion  But in the same circumstance they drink more water
than saline Ly en newborn rats distingash between milk and
other flmds, at 17 postnatal days they distingmsh between
water and salt solutions Such scnsory discrmunations are
necessary before rats ean hnk ther intakes to speafic de-
ficrencies of bodily constituents The actual tying of water
drinlung to water deficieney does not certamly oceur until

10!
ool 3 &
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I1a 8 Relation of log water content to
Jog body werght in rats from foctus to
adilt "B =larth  Numbers  represent
exponents 1n parabolie equation relating
the two quantitics  Data of Hamilton ani
Dewar (1038) from A lolph (197)

2§ days after irth (KfeCeh Kielhova and Dlouhd, 1936)
Already then the water intake of rats equals the water defiest
mmposed upon them (Adolph Barker and Hoy, 1934 fig 19)

just as m the adults, the one hour intake closely matches the
water deficit <o long as the water defieit does not exeeed si\
per cent of the body weight

Once the immediate regulations of water content are fixed

the adult method of mamntaiming water balance 1s persistently
at work But 1t 15 well recognized that the water content,
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both absolute {body size) and relative to body sohds vanes
with the age of the rat (Fig 8) VWhat controls the absolute
coutent of water and of each solute? The answer to this ques
t on 15 not avalable Obwiously all the items that enter the
determination of growth and its correlatives partieipate 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
deficats result from specific response systems for diresis and
for water dnnfing The systems vary between nfant and
adult not only quantitatively but possibly also in the meds
ators and effectors used Over a long hfetime the regulation
depends also upon detectors of body size and proportions
whose charactenstics and locations have not been determined
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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
A 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

'TERE

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
that responses were obtamed
But she also compared

after birth <o you arc quute right in sy ing
such caclier than after 20 day s of postpatal hfc
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the response of oider ammals with that af adults+ they became com-
parable 1n quantuative terms only When the rats were 17-22 days old,

There 1s another powt on which T should Whee to have yaur views, Prof.
Adolph We find that these Tesponses of mfant Tats ta vasopressin are
—a P e . .

taxaer animals,

was ws suuswntd AL LLE €aTly BZes these seem 10 have very Litle
effect on water diaresis and Wwater exeretion ™ e
S.oier 1 cannot sneak nhnnt the wes ¥

Hellr' Yo baens -3 = -
. —
A
r-mdzlﬁ':.,l should fike to make 5 small pratest aoames <t o .-

inmaturity  For y |
phiasphoniy homeo
f:(?f‘ho_n')ﬂy UNMAuse 4 Uirth nvor e 19 o e v ul peyst

it wabadly to

wus adrenaline indyced
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diuresis? Did 1t increase the ratio of water to solutes in the urine, or did
1t mcrease the solute output?

Adolph  Adrenaline druresis 1n infant rits does involve more solute
output than the water diuresis, but adrenaline dresis is a water
duuresis in that the ure s 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
amimal 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 successtve days  There 1s a considerable vanation in the amount of
water exeretion which 1s produced, and we are unable to say that there
1s any significant change due to previous experience with water Our
prowvisional conclusion 1s that there 1s no adaptation apparent n the
anmal subjected to repeated water loading
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Tur water and electrolyte contents of 4 complex organism
are almost entirely determumed by the activities of the kadney s
which operate primanly on the blood plasma and through
that on the extracellular fiud of the orgamsm  Casual
fluctuations 1n the water and electrolyte contents of the

s are therefore usually the of fluctuations
m the composition of these two compartments of the body
plasma and extracellular flmd  The electroly tes and water of
the cells of the body are affected secondanly to these prirmnry
fluctuations 1n the composition of the extracellular fluid and
plasma and for practical purposes at any rate the factors
that can mfluence them primanly are usually sgnored Never
theless since the cells occupy a considerable fraction of the
tatal volume of the orgamsm and sinee there must be some
reciprocity between the electrofyte 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 vaolumes of the cells of the
hody

The Gibbs Donnan Equilibriam  The appheation of the
Ctbibs Donnan equilibrium to the problem of the water and
electrolyte distnbution between the plasma and extracellular
flard s famddiar to all who have concerned themselyes with
the nater balance of the organism It will be recalled that the

most important consequence of the Gibbs Donnan distriby
tion of 1065 between the two fimds sej

of parated by the capilary
that 1s supposed to be 1mp ble to the proten
molecules of plasma s that the osmolant
b4

y of the plasma 1s
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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 duc to the plasma
protems. The amount of this difference of osmotic pressure 1s
determined by the concentration and degree of dissocintion
of the protemns. Because of the high malecular weights of the
plasma protcins, their concentration, e\pressed as moles per
Iitre, is small and the difference of osmotic pressure that must
be resisted, if the system 1s to remam stable, 15 correspond-
ingly small, namely 25 mm. ITg. As a result, the orgamsm is
able to maintain o statistical equilibrium betw een plasma and
extracellular fluid by virtue of the capillary pressure; at the

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

Ta. 1. The plasma-extracellular fluid

system
(P=protetn)

arterial end of the capillary the pressure js greater than this
difference of osmotic pressure so that flnd 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 necessarily
mean an absolute barner; this 1s an 1deal case on whieh eal-
culations are based, but practically 1t seems unlikely that a
naturnl membrance 1s completely mmpermeable to any of the
naturally oceurring molecules m solution 1y the fluids, and 1t 15
suffictent for our purposes if by *“impermealulity ™ 1s meant
that the rate of transport of this solute ncross the membrane
13 negligibly small compared with that of the other molecules
that we are considering—in the particular case of plasma and
extracellular fluid, the salts and water.

The cell membrane 15 a mere scleetive barrier than the
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capillary endothehum, and 15 eapable of ymposing restnictions
on the mon emnents of ons that are exy much smatler than the
protewn 10ns, as a result, 1t 1s concerv able that much larger
Wfferences of osmotc pressure could be established, since
these smaller 10ns may be present n vastly hgher concen
trations than those of protems with therr Jarge molecular
weights  Let ns consider the erythrocyte, for simphoity we
may choase the cat or dog erythrocyte which shows no
accurnulation of potassium  The distmbution of aons s
wdweated roughly n Fig 2, the cell contamns the praten
haemogtobin which behaves as an amon, so that we may
expest to be able to apply the Gibbs Donnan equilibrum to
the diffustble wons  ¥f the Na¥, C1- and HCO,~ 1ons could
diffuse across the membrane, the position would be entirely

Cell Membrane Plasma
Nat Hbe Nat -
Nat Ci~

Fic 2 The cat erythroryte
(Kh=humogr\}:\nn)

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

plasma
s1on cau
and swe

w sy siice this ditterence of osmola

pres-ul so Jong as the eell contams a higher protein c:tt:{ertﬁt
tion than that in the outside medium  Cell membranes are
rrmt strong and would certamly not be able to resist the dif-
erence of osmohic pressure that would be developed, which

n this case would be sey
eral times higher
considered eather Bl oot

oIng 1o the tery ugh concentration of
:::;:;n mdthe tred eell We know that th”e cat erythrocyte
Y “h‘:\n‘“ \: mus{ ash how? Theoretically, stability conld
Ve o e TS e membrane ekl it
he
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significantly higher than that of the extracellular fld  This
1s 1llustrated by T'ig 1, and 1t follows that an equilibrium will
only be achieved when a counter pressure 1s excrted on the
plasma equal to the colloid osmotic pressure due to the plasmn
proteins The amount of tlus difference of osmotic pressure 15
determined by the concentration and degree of dissociation
of the protemns Beeuse of the high molecular weights of the
plasma protemns, their concentration, cxpressed as moles per
litre, 15 small and the difference of osmotie pressure that must
be resisted, 1f the system 1s to remun stable, 1s correspond
ngly small, namely 25 mm Hg As a result, the orgamism 15
able to maintain a statistieal equilibrium between plasma nnd
extracellular fluid by virtue of the capillary pressure, at the

Plasma Membrane Extracellular

Il
Nat P~ Mat CI-
Nat Cl1-

Tic 1 The plisma-extracell itar flrd
system
(P=proten)

arterial end of the eapillary the pressure 1s greater than this
difference of osmotic pressure so that flid flons into the
extracellular compartment, at the yvenous end the reverse
holds, and flmd 15 absorbed

It 1s worth noting that by the term impermeabihity’
to a solute—here the plasma protems—wc do not necessanily
mean an absolute barrier, this 1s an ideal case on which el
culations are based, but practieally it scems unlihely that a
natural membrane 15 completely impermeadle to any of the
naturally occurring molecules i solution m the fluids, and st s
suffierent for our purposes 1f by “impermeability ™ 15 meant
that the rite of transport of thus solute across the membrane
1s neghgibly small compared with that of the other molecules
that we are constdering—in the particular case of plasma and
extracellular flurd, the salts and water

The cell membrane 15 a more sclective barrer than the
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1w mom factors—the osmolanty of the p}'“m“ nod ““;.
actvity of this Na+ extrusion mechanssm ‘Lhe passige o
water across the ecll membrane 18 very zapid, so ")‘“t ﬁ;c ”ﬁ“
nds to changes i osmohnity of the plasma by virtually
:f:,s{,:mancmn (hanges in 1ts water content, In thig way 1
may be snid to sespond passvely to changes the plasma,
ant ats ehanges of water content andd salt concentration may
be smd to be secondory to primary changes determined
prineipally by the hidney The operation of the second factor
the Nn+ extrusion mechansm—will influcnee the amount
of matcnal—saits and water—in the eed), and ot would be by
virtue of this mechamsm that this type of ecll could exert »
primnry influence on the wates and deetrolyte content of the
otgmem s, 1 the Na* extrusion mechanwm operated
more rapdly than the influx under the clectrochermient
gradient there would be a nct Joss of Na* and of anmons,
namety Cf and {10, thus would deerease the osmolanty
of the cefl and water wonld be lost to the plasma Such a
shrinhage of cefls 15 cantly demonstrable by alowing them to
recover from the effects of putting the Na+ extrusion mechan.
smoutof netion Thus when the cells arc conled, the metabolie
proccases supplying entrgy ein no longer work, Nat enters
the cefls secompamed by amons and they swell When the cells
are warmed the metabolie processes begin, and the extra No#+
v exercted untid the codls return to thar normal volume The
effety of agents that inerense the permenbility of the cell
membrane are of some ntercst, substances Wke aleohol or
urcthane 10 the approphiate eoncentration, ean inerease the
permeatahty of the el mombrane to Na+ and K+ to such an
extent that the Nat extruson mechaniem 15 unable tn keep
pace with the mflux of this ion, thus, m #pite of n normatly
functsomng metabotiam the eell may swell, un removing the
RNt b mny retuen to ity normal size
The c!r',(t:rmyu« :;i m(;vt spees conton K+ na ther
prineipn) eal ot ko that the eell mantams large pradicnt
"‘f ;\'\ aod K¢ (kig 8) ‘The condition for nn"m{'nnucnll;
stable system conkd be given by an impermenhulity 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, metabolic energy of the cell 1s employed m driving 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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excretin of Rat. The mechanism s no:\:‘:;z\\:,; :;::s::n:t:}g
Th ProCesses ATe SEM;
:?:h:::;“:f (I?a“*si:d ‘;{*, or ‘more“pmhahly to the relanve
of these 1ons, w the ce!

vrur’i‘(:::l::‘;thmcﬂe 15 a lghly specialized cell, and it w o\‘\:\l\
n6t be correct to assume that all cells of the body, oric\ en Y
‘majority , are based on 2 similar phy siological plan so '\s as'l h‘
mawmtepance of salt and water content )5 concernel . v
stnated muscle fbre has been studsed very thm:?ughl_\, an! \ ‘l)t
may well be that this 1s far nearer to bemng » *“typieal cell™,
so that we may now consider 1ts main features from the px;e-
sent pownt of view  ‘The main pont of dufference between the
muscle cell and the erythrocyte hes m the low contents of €1~
and HCG,~, these amons bemg replaced by orgame anions

Fibre Membrane Estracellular
Jus
Bt A~ Nat (1

Fic 4 The muscle fibye,
(A ~=mduttusible organie sntons)

that apparently eannot diffuse across the plasma membrane,
schemoically the wtuation 1s as m Fry 4 where A~ represents
these indiffusible amions  The system would be osmotically
stable were the membrane impermeable to Na*, 1e the rest
of the jons, K+, €15 HCO,~, would distribute themseltes
acrass the membrane i suck a way that equal osmotic

actiuties would exist on bath sides. Actusts the cell mern
brane 1s permeable to Nav,

and the reason why the Na+, K+
and C1- 1ons do not redistribute themselves 18 because an
actne extrusion of Nas,

as 133t as it penetrates, mamtaimns an
elfectis e mpermeatubity to Na+ There 1s no need to postulate

an actine accumulation of K+ i this case since, owing to the

fagh concentsation of tmpermeable anions n the cell, the
extrusion of 2 Na* ton must be assocsated with the penetra-
tion of 8 K+ 10n m the nterssts of electnical neutrality Qnee
agam, then, the cell ma

Yy matntam equilibrium with ats
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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 onymnal
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 mechamsm is not hnown, presumably
the active transport processes are scnstive to the concen
trations of Na* and k+*, or more probably to the relatne
proportions of these ions, i the cell

The erythrocyte 1s a highly speciahized cell, and 3t ould
not be correct to assume that all cells of the body, or even the
majonty, are based on a sunlar phy siologieal plan so faras the
mamntenance of salt and water content 1s concerned The
stnated muscle fibre has been studied very thoroughhy, and it
may well be that this 1s far nearer to being a * typreal cell’,
s0 that we may now consider its man features from the pre
sent pomnt of view The main pont of difference between the
muscle cell and the erythrocyte hes m the low contents of €
and HCO, these anons being replaced by orgame anions

Fibre Membrane  Extracellular
Flod
Rt A~ Nat Q1

Fi6 4 The muscle fibre
(A =wndiftusible organic anons)

that apparently cannot diffuse across the plasma membrane,
schematically the situation 1s as tn Fig 4 where A~ represents
these mdiTussble antons  The system would be osmoteally
stable were the membrane impermeable to Na*, 1e the rest
of the 1ons K+, C1, HCQ, , would disinbute themselves
teross the membrane wn such & way that equal osmotic

activzbies would cwst on both sides A
ctuall
brane 1s permeable to Nat, I

and the reason why the Nat, h+

:!:;l (,fl. :gm do not redistribute themselves 1c hanapse an
alns an

stulate

to the

nupeileatle anons m the cell, the
:::xl"uustu;n ‘:\f o Na* son must be associated with the penetra
agan o m;\h w the interests of electrical neutrality Once

e cell may mamtam equbbrium with yts
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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 ecil are nat so accurite that a dif’
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




LLULAR ASPECTS oF Bon¥ ELECTROLYTES AND WATER 28

¢ not 1 osmotic equilibrimm wath therr extraceliular flmd
s been senously mamtamed, and an “osmotic pump”s
nvang water continuously out of the cell, has been postu
ted  The experimental basis for this claim rests on the
bservation that mammalian tissue shees, m pamcular
hose of liner and hdney, swell when placed 1 “ysatonic”
olutions of sodmm chlonde, Tyrode or Krebs (Sperry and

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

Fubre Plasma
Coneentration Concentrafion

N 124 2 25
Na 10 4(3 6)* 10!

ca 49 21
Mg 130 125
) 15 775
HICO, 124 266
Phosphate 73 33
Sulphate 04 20
Phosphocreatine 252 —
Camosine 17 —
H,-acuds 88 72
Creatine T4 22
Lactate 39 35
Adenosine triphosphate 10 -
1lexose monophosphate 25 —
% ¥
Lrea 20 a1

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

' . 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 was ﬁrevented by usm;
il‘:o:\,ril‘) hy\x{trtomc solubions—0 55-0 G0 M—he cox)xcludeg

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 moame  acid
ammonia and phosphate—that lead 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 not mean, however, that the mamntenance of
differences of osmohie pressure between cells and their environs
ment by the exeretion of water does not occur, it 15 well
Lnawn that such fluds as urine and saliva have osmolanties
that are vastly different from that of the plasma, and the
elaboratton of these fluds 15 best desenibed by myoking an
actyve transport of water—1e the functioning of a “water

‘Table IT

CONCENTRATIONS OF 108s {3t MoLe/kg H,0) 17 PLASMA AQUEOLS BIMOTR
AND CEREBRGSFINAL FLUID OF THE RABKIT

Flasma Agueous Humour

Na et 5 o 108 Na 1435 Cl 109 5
A §s om0, 2w+ k5, f1c0, 36
Ca 8 Lactate k& Ca 23 Lactate 6 00
Mg 10 Phosphate 18 Mg 08

Phosphate 1 00
Ascotbate 1 0

Total 160 6 Total a1 Total152 1 Total 1511

Catiens and Amons 305 7 Caftons nnd Anaons 203 3

Cerebrospinal Flind
Na n 1

2y
R 45 HCO, a4
Ca 13 Lactate 26
Mg [ X1

Phosphate 0 5

Total 136 8 Total 183 5

Calons and fmons 370 1

pump’  The cerebrospinal fluid would appear to represent
another example of a non iso-osmotic fluid, and smnce 1t 15 10
p with the nervous tissue of the br:

spinal cord, this lack of 150 osmolanty 1s of spec;albxz;?rz‘sl?
suggesting os 1t does that these hissues, too, are not 1n osmutn‘:
equilibrium with the blood The results of a detavled analysis
of the 1ome concentrations m plasma and cerebrospinal
flwd are shown in Table 11, sncluded are v alues Tor a simlar
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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
bed no effect, whereasaf the swelling had been due primardly
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 precise messurements 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: Opea, 1934: Brodky ¢ ¢l 1058, 1936
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.
smmeorua and phesphate—that lesd to a conuderab’e inerease
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
dfferences of osmotse pressure between cells and their environ-
ment by the excretion of water does not occnr, 1t s well
Lnown that such fimds as urine and saliva have osmolanties
that are vastly dafferent from that of the plasma; and the
elaboration of these flmds 15 best desenbed by mvoling an
active transport of water—ie the functiomng of a “water

‘Table I
ConCERTRATIONS OF 10%8 (i MoLEfkg H,0) IN PLASMA AQUEOLS DUMQUR
AND CEBEBROSPINAL FLUID OF THE RABBIT
Plasma Aqueous Humour

N 11 n o 108 Ka 1433 =] 1wy 5
N 53 1CO, M4 K55 HEO, 336
€3 26  Lactate 79 Ca 23 Lactate 6 00
Mg 10 Phosphate 1 8 Mg 085 Thosphate 1 00
Ascorbate 1 00

Total 10 & Total RERY Toral152 1 ‘Total 1311

Cahons and Anons 30, 7 Cahong and Anwons 303 3

Cercbrospanal Fturd

N R Q 129

K 36 HCO, 34
<a 18 Lactate 26
Mg 08 Phosphate 0 5

Total 156 8 Total 163 §

Canony and Anions 320 1

pump”  The cerebrospinal flurd would appear to represent
snother example of a non 1so-osmotsc flud, and since 1t 15 1n
such close relationshup with the ners ous tissue of the bram and
spmal cord, this lack of 1so osmelarity 15 of speaal 1nterest,

suggesting os 1t does that these bissues, too, are not in osmohé
:)(éu\tl‘xl:num vath the blood ‘The results of a detajled analysis

e 1hie concentrations 10 plasms a
Qo are shown in Table 11, mclu(r\’ed are s:hdxesc ;:ib;ﬁ?nlﬁ::



20 Huair Davson

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
unreasonohle Proposition  The mmportant powt to be made

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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spmal flud
tho taah concentration of chitmge the evrebrospm  Bud,

mfact 16 may be that tue pustuve pwaass o & "
spmal fud dept h"t for ‘ti ol b\mdon
etween 1t a

osy’xll'a:?;::l?rss“ttiztétmlnxng the water and electralyte cm\;entg
af canaectts e tissue are probably simple, although they bave
et been studied 1 great detadl  If a piece of ctmagen; or
callagen plus mucod, 15 placed 1n A saline medmm, eqmsalent
ta extencellular flwd, we may expect a Gibbs Donnan equit
Brum to be established hetween this nd the medm by

Na+ Cl~ Nat+ (1~

phase

\trtue of the acidic nature of the protem and mucord The
sttuation pught therefore be as in Fig 5, 1 essentially
similar to that obtainng wath plasma separated by a mem
brane from extracellular floid - There 1s no mernbrane separat
g the tna hawever and separation 1S mamtained because
of a phose difference the collrgen mucold system bemg a gel,
the extracelular fwd & hqud  Chenucal analysss of con
nectise tissue shows that there 15 indeed, a Gibbs Donnan
distnbution of 1ons between 12 and plastua and therefore,
presumably hetween it and extracellular fluid, the concen
tration of chlonde bemng dess and that of sodiym greater, n
the conneetive tissue There 15 m conisequence, a tendeney
for water to pass mto the connective 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
3 — o 333
i} (4 17 2 ) 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 cornen—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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fors temperature and then fi theeye toa c}tx‘:::ﬂ;;r
mamtamed at the hugher temperature Tn this cai;: s
sorbed water and salts nre escreted bach and the cot
reacquires its normal hydration (Table IV) The sec;'c tua?;
activity that usually maimtams the cornea mts normal sb v
of hydration—about 75 per cent water—may be due to bo!
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 content after the period at ** co\ul:\n B the water
B Content aftet a furtber period of 6-8 hours st 31

Water content

12 1g sohd)

Fapt ——— Change
ne (4 {B) %]}
1 4 30 a3 24
2 51 30 41
3 445 37 17
4 4 62 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 eontent and the turg,

qescence of the tissues Thus 1t
woull scem from MeVaster 5 {18346} studies that the extra
cellular Suid myy 10 normat circumstances be something of
an abstraction 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
actinity of thus sort, and 1t seems more hikely that dehydration
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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N+ would lead to an elinumation of these 1ons
;ﬁ;\:?i:u;é :vell be that a1 new steady state would be estab
Jished at a lower level of internal K+ and Na+ concentrations
Unfortunately, practically nothung 1s hnown of the factors
that control the normal actinty of the salt exereting system
of the cell

The large differences 1n the amount of extraceliular water
that take place with age may be 1o some extent, assocrated
with differences 1n the amount of water per cell of the organ
wm thus other things beng equal a decrease m eelinlar
water 1s reflected 1o a nise 1n the extracellular water, expressed
asapercentage Toprovetlns however, it would benecessary
to measure not so much the percentage water mn the cells as
the amount of swater 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
atwons in the fractions of mtra and extracellular water,

espeaiatly those talung place dunng development will be
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
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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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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.
: . .,

P . '

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

.o = 4 _~ ~mc~a wadannt renllv know
thet
. . um.
o
Davson So you propose o condition Wwhere there 1s & sowuit ss will 88
u potagsium defieiency ?
Talhnt You could have simple deprtvation with loss of cellular potas-
. + ™ ere
- lar
. H Wit
Narenn Tt s really o matter of URNRIT WWESE LLdas vt s vy o nli
e )
. "

thcn we onalyse & muscle DIOPSY spruthy Ly e fu
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Maybe someone van furnish data which will be more convincing en
whether the electrolyte transfers are equally rapid and Teproducible.
Darson 1 thank the electrolvie transfer 1s very hkely to be much
slower and to hold up the whole process. The water transfer 1s very
ramd m every ccll so I would say that what happens first 1s the move-
ment of the electrolvte and the mavement of water would not require
muchtime The evidence I am cuting is largely based on work from Prof.
Canway s laboratory .

. 5 s anU BT LIER elftering
{Conway, 23" x;nd Groghegmn, fitering to preserve osmotic balance

I (1933) J Physol , 130, 138)
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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

< . . 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 bearin
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 endoplisnuc reticulum
It certnunly appears as a most comphieated system of eanals, but one
wonders how r . . o -
elementary ph .
complensties? ° b
brane with certain permeabilits charactensties  The electron micro-
scopists show us the membrane which does exist but then they find hittle
. . - T e

[ . . - . -
have obusously got to be suspicious of treating things too ssmply—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 sw elling 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
shrinking, We have no method of mensuning the speed of the electroly te
transfers, but we have & method of measuring that af the water transfers
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t may be
Pefore discussing the subject 1 more detul o 3
helpfol to recall some of the factors which regulate the water
content of the body

Regulation of water

Tao mechamsms, closely binhed, normally guard agamst
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 which 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 {(Smth, 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
1s not siply the nse n ECF tomaty 1f the ECF tomaty 15
raised with o substance ke wrea, winch diffuses freely across
the cell metnbrane and rases the tomaty of both estracel-
Iular and ceflular 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 flwd and eells are agamn
equal. The eells skezak. 1t 1s assumned that certawn cells 15 the

P shimulate the sensa
- © v awa teere 15 much evidence that there
re toewhized receptors of thrs hind (Jewell and § erney . 1937,
Memey 1957) Recently Andersson {1857} has also provided
ndditional evidence for & thirst centre  He found that when
be stimulited a certam ares 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  Waith destructive
tesionsy an the same reglon, the goats would not drmh water
:\tl:\\(he) {o‘:\:mui‘? needed st The thirst centre and the
0TS ) Lo
lxut‘{‘sm‘m\ﬂ) dlstlm:)l“ 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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nevon 1t may be recalled l:at two of Allott's patients had
hrentary haemorrhage
ha(ilt‘:: ;arﬂy tlu)c’)ugh negleet of this phenomenon {hat some
authors vs & been led to place cases of hypernatraema witha
fow unaary sodium 1 a separate group
Symp' of water & There are sev eral reasons
why authors desenibing neurogenic or cerébral hypernatraeima
may buve orerloohed a water defimency 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 afo that this
1510t so (Ferpe! Fronwus 1035 Nadal, Pedersen and Maddoch,
1941) Water deficiency 1s not chinically obvious unless it 35
extreme, because the defiait 15 distrnbuted throughout the
body water In salt deficiency, on the other band the extra
cellular Quid though but a thid of the total m volume, bears
the whole of the defiit, 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 Yach  If i addition as a result of a eramiotomy
therr faces are oedematous 1t may even be ristakenly 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) are cerebral rather thwn vaseular for instance
and confusion and dssturk of behaviour,
e e et o s nalbes These s mptoms
pletehs reversed wath “_“c% ut they can be com
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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nexion 3t may be recalled ?i:mt two of Allott's patients had
ahmentary haemorrhage

ha;ita;‘s\ partly thriugh neglect of this phenomenon that some
athors hove been led to place cases of hy pernatracmit itha
Jow uriary sodium n a separate group

Symp of water defi . There are sey eral reasons
why authors desenbing neurogene or cerehral hy pesnatraemia
may have overloohed a water deficency Though they often
state that there 1s no clinical evidence of dehydration 1 thar
patients {e g Cooper and Crevier, 1952), this does not 1n fact
mean very much The word dehydration 1s used for two
chmeal states one of water deficiency alone, and the other of
salt deficrency which penerally also entails o loss of water
This wsage mplies that these deficiencies produce a similar
chinieal picture, though 1t was made clear long ago that this
1s 1ot 50 (herpel Fromus, 1935, Nadal, Pedersen and Maddock,
1941} Water deficency 1s not clieslly obvious unless it ts
extreme, because the defiait 1s distnbuted throughout the
body water In salt deficiency, on the other hand, the extra-
cellular fimd, though but a third of the tatal 1n + olume, bears
the whole of the defiait, 1t 1s patients with the latter who have
the haggard ook, the sunken eyes, the smalt pulse and low
blood pressure of dehydration Patients with simple water
deficiency are Wll, but there are no speaific signs of the defier
eney, the tongue may even be moist, and it 1s not obviousitis
water they lack  If i addition, as a result of o craniotomy
thewr faces are ocdematous, 1t may even be mustakenly as
sumed that they hate accumulsted water n excess 'The
diagnostie diffieultics are ncreased because, particularly w
glder patients some of the most strihing symptoms of water
dfﬁc\e\\w afe cereb'ral rather than vascular, for instance

and , and disturh of behaviour,
which can mimie a Jesion of the front

allobes These symptoms
make 1t more difficult to myve water, but
th
pletely reversed with water ’ hey can be com
Losses of water Abnormalt:
y large losses of water ma:
€0 unrecogmzed  Extrarenn) losses may be larger than lyS
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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, Iervey, McCance and Fayler
1946, Rapoport ¢ af , 1949} Tins happens in sprte 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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reased by an gbnormal breakdown of body protein or \3}'
::zccmssne pe’otem wn the diet. One hundred gr:\:lls of prﬂtc\nr
contain 16 g. of mtrogen, e(crel?d as si.g. or 570 m-osm. o
ures Ten groms of sodum chloride provide 350 m-osm. Jtis
ot unusual for unconscious patients to recen ¢ these amounts
1n therr feeds; and their endogenous production of uren may
already be v ery large {Cooper et oL, 1951), The hypernatraemic
patient of Ison and Al der (1955) y nably had
an osmotic dmresis when he was made worse with “non-
sahine fluds”, because these consisted partly of protein
hydrolysate equivalent to 100 g. of protem. In ccr_u\'m
neurologieal disturbances {Astrup, Gotzehe and Neulireh,
195%; 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 defiait, the mmimum data required are
the estimated intake and output of water and solutes, and the
tolume and concentration of the unne. A water deficit is
confirmed 1f, with the sdmmstration of water, the elevated
plastna {Na] falls

In many of the reports of cerebral hypernatracmua it is
mmpossible to decxde from the data given what the water
balance was The patients with hypernatracmia of hgoas
and ins co workers (1954) seem to have begun with a defiett of
water of about one litre. Subsequently their mtahe of water
may have been as little as two htres daily, Their exogenous
osmalar load was sbout 610 m osm. We do not hnow what

was the total excretion, urine volumes and speatfic gravihies
xu-f notstated The blood urea was high, and fell as the plasma
{Na] fell, when thew mtake of flud was neranced Yo ot
[N R

- asuaubinsen, 1953; Alott, 1957
Faiure of thirst, Even when : Y )

losses of water do go un-
recogmized by the chmean, there 1s no danmer nrgun---
depletion nelana  ar
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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ot respond, as does the ordinary case of dinbetes smsipdus,
with thust (e recovered spontancoush from us diabetes
Jsipdus, and from Tus by pernatraera, nftes three months }
Although this type of hypernatraernia might be termed cere
bral, 1t 15 m fact o water deficiency due to the breahdown of
one of the mechamsms that normally ensure woter balance

Renal effects of water deficiency Before leaving the
question of hypernatractia due to water deficiency 1t may
be noted that m many of the reported cases the disturbance
apparently produced a disorder of tubular function, mani
fested by oliguta with 1sosthenuna or by the exerelion of
urine with 2 fagh pIlin the presence of a systemic aedosis
{Cooper and Crev ter, 1902 (Case $), Gordon and Goldner, 1057,
Allort, 21927} Thus suggests that severe water deficieney may
be accompanied by tubular damage, Alott (1939) noted o
tubular degeneration in two of his cases post morfem

A tobular domage wortt v - ¢
ieast one of the patients ¢
It 15 ot possible to say
patients were water deficent but all of them had a Ingh
blood urea and m relation to this the urine volumes were
certamly small 1% 15 also possble that in some patients
(eg Allott 1957) polyuna with hyposthenuna represented
the diuretic phase of a tubular necrosts, tself the result of
debydsation

To sum up the question of cerebral’ h ernatraemua, o
falure of the thurst mechansm with or w?t‘\’wut a dmbe;es
mamdus  sccounts fov somae of tpe cases that hiave been
desersbed and 25 Gordon and Goldner (1927) have ably
‘_‘:“SE"‘*‘““ unrecogmzed renal or extrarenal Ineseg of flmd

¢ Pesult of
if enough
- restimated
vy WL water required to corr
Higews and co \"ﬂl‘ke}gcgga ‘ ect a severe defiest

} gave up 1o four litres to th
patients they thotight were water defieient Vie gse 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 sodnym defleiency

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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the hidneys normally conscrve sodum effoently  Tor the
same peason 1n sodum deficency there 1s virtually no
sodum 10 the unne To tins there 15 one exception, naraely,
when the sodmm defient 35 actually the result of continued
Joss through the Ladney This happens, of course, 1n Addison’s
disease, and m  ‘salt losng nephnitis”  Furthermore, 1o
certamn patients with cerebral Jesions persistent renal losses
have been obseried, ey en 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 mohgnant 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
responsible for o failure of the ludneys to conserse salt,
though the renal nerves do play a part i the sesponse to salt
deprivaion (Bricher e af, 1956) and to anown (Folds,
Kovdch and Takdes 19052 b) The mechamsm of the defect
i cerebral salt wasting remains obscure YWater excess
{sce below) may produce a renal loss of sodim and some
wstances of so called salt nasting may therefore be examples
of water retention

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

w»l
at

relative lack of salt and water i; “ooly waker e prended the

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

ey
only a

lur the patient while drinking oty e
hitle s

copiously, produces
;lmall amount of concentrated unine contz;lnmg very
tum (Nelson, Rosenbaum and Strauss, 19o1)
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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
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volume was greater than normal The infant did not excrete n
dose of water at the normal xate and the authors thought she
was secrebing an excess of ADH An excessive seerction of
ADH would, of course, be appropriate only to a restncted
fhud mtzke  When her fimd intake was restricted the plasma
{Na] rose to normal
Schwartz and co worhers {1957) have recently suggested

that an mappropriste secretion of ADIL might account for
the hyporatraema m w0 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 extricellular volume, far from being
reduced as 1 sodwm deficiency was expanded and there
was no evidence of peripheral vascular faure The urtne
was generally hypertonic to the plasma, and ths s the
printipal argument adduced by Schwartz and es worhers
that these patients were producing too much ADII  The
kdneys of these patients did not consers e sodium when their
fuid rotake was unrestncted though they did so when
large amounts of salt retawng steroids were given Schwartz
and co warl eve A~ & .

dose of

normall
urninary

ww s any we plasma [Naj rose  Others have
also described this response to water de;

prisation in hypo
natraemia (see Edelman, 1936) It might be mtcrprctril as
the usual * dehydration reaction”

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

Case reports

Albert aged 62 was admutted on 251
2 25th VMay 19,7 m status epl
SR ey el R
2 night he
YW wioth nad ‘become warse two mmxhs"b:ro‘:emim:::g 'm
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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 remams 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 [Na}, on 19th June he c"crc\cd 210 merqwv. of

Mustle analysis

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

Tablel

[HE 75D FVTIHVTY, FOMPARED WITK

ANALYSES OF MUSCLE FROM
“noRMAL" VALUES

equiv [hg fat free tussue
vag ™ mc\lﬂl !1\0 %
per cent.

Albert 44 318 455 o2

Tor ™1 a7 2 4T e 89 3

Talso,Spallord and Plaw 77 640 6 101330 337404 0401590
{1953)

Wilson (1933) 75 26481 400400 923176

Barnes GordonandCope 80 3416 231465 430x11 91 3383
(9,7

ANALYSLS OF FLASYA TAKEN FROY TUE TWO PATIENTS AT THE TINE

OF TR MUsULE BIUPSY
—————
m equw I,
(2] Mo K
Albest 83 6 124 53
Tror 816 124 27

The specimens were taken from
patients  The electro}

paralysed muscles in both
*ith  normal™

yte contents are shown in Table Y,
vaues for specumens tahen from anaesthetized
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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 respiration had to be mamtained with n Beaser vespirator 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 -

'

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 -
be %
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tome salme {Crawford and Ludemann, 1951; Tirchard,
Rosenbaum and Strauss, 1938, Papper e al, 195G), and
depends, of course, on the hberation of ADH (Holland and
Stead, 1951)

All;%iRT e
memft

Water deprivagion

When flmd was withh
14 fo. h
duced ¢ld for 18 hours both pat o
™ l_i ne of small volume and fusty mmnlahga:i:lg 2,

¥
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patients The potasstum content was normal The sodum
content, far from bemng lower than normal was 1n fact at the
upper hmuts of the normal The chloride content was stl
arly high  For this to happen with a low concentration of
sodmum m ECF, the amount of LCF i the muscle samples
must have been larger than normal

Hypertonic saline

The infusion of hy pertonie saline produced only a transtent
mcrease tn the plasma [Na]

The response was studied in detailin Albert  He had 500 ml
of 5 per cent sodium chloride (486 m equiv ) mnfused over
about threc hours on 15th Junc when lus plasma [Na] was
mitially 127 m equiv /1 (Fig 1)

The 1mmediate response to this infusion was an osmotic
dmresis with an output of 7 8 ml /oun of urnc contaming
830 m osm and 155 m equiv of sodium per litce During
the infusion he excreted 80 m equiv of sodium  The plasmt
[N&] increased to 148 m equiv /1 during the infusion and was
138 m equns /1 at the end In the following 21 hours he
responded quite differently IIe exereted only 50 m equny of
sodium and his urine flow fell to 0 2 ml /min with a concen
tration of 696 m osm /I He was thus retamung water and
diluting the sodium he had retained Three davs later his
plasma [Na] was agamn only 130 m equuy /1

Ivor had infusions of 8300 ml of 5 per cent sodwum chlonide
on 22nd June and 540 ml on 2#th June We did not mahke
very detaed studies of lns response but the plisma [Na]
before and after the sccond infusion was 113 and 115 m
equv /I During the fiest three hours of tlis infusion when
he had rceenved 190 m equiv he excreted only 80 m cquns
Both the infusions were followed by a retention of water

1hese are not the responses one would expeet from salt
depleted patients (Black Platt and Stanbury, 1950) They
imply that the osmolalty of the body water was being
maintained even at the expense of inereasing the solume of
the extracellular flurd  This 1s the normal response to hy per
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tome saline (Crawford and Ludemann, 1951, l}lurch':;:l(i
Rosenbaum and Strauss, 1953, Papper ef al, 1956),

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

ERT  stwa
5/ |
womfl
E ‘ [acciac e
00 - — .
v - - .
'
. - - P .-
Nastyf |
[ T ]
0o . - e
7

i
H

e +
Fic 1 The
sodnum eance;

12 ) "

thanges i totel sodum excretion wnne flow

meration and osmotic concentration of the wee

after the wfusion of 000 m) of § 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 3 8 m Inor  The deprivation of water was assoct

Table Il
EFFECTS OT DEFRIVING TRE TWO PATIENTS OL WATLR FOR 19 nouns
Changes wn urine and plasma Albert Tvor

Maximum urine concentration (m osm/1 ) 904 870
Flow at maxumum concentration (mf foun ) 027 on
(Na] (z equis {ml of unne) 22 6 146
Plasma (m osm /1) 243 267
Change m plasma ([Na] m cquv /1) 112-117  112-123

ated with a great reduction 1n the renal excretion of sodium,
and the increases mn the plasma [Na] were unexpectedly
large They were not muntained however, for the plasma
{Na] had returned to the original 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 hitre of water in 30
mnutes, by stomach tube He excreted all of this water in
less than three hours, achieving a diuresis of 7 8 ml /mn,
with an osmolal concentration of 5% m asm /1, 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 equny /I Remathably low
osmolal concentrations were found twice m the 24 hour
collections of urine from Albert The values, 153 and 168
m osm /1, were Jower than in the plasma, m spite of the fact
that at these times the plasma [Na] was exceptionally low,
104 mequrv /I, these values were obtaned on the days
immedately following administration of pitressin (see below)

We did not find any very low unmnary concentrations i
exght 24 hour collections from Ivor that were tested In one
speaimen an osmolal concentration of 215 m osm 1 was the
same as that of the plasma tahen at that time
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Effect of potassum chloride

in \1ewpof Laragh s (1904) findings of a mse1n plasma [N:\l
wth the administration of potassium chionde m pmemt \“&
hyponatraerma we gave 100 m equv of potassium chlonde
on two successn e days to both the patients There was ne
1ncrease 1n the plasma {iv] and onty a slight mse i the plasma
(I\The data so for reported show that the renal exeretion of
sodium could be made to vaty from s~ry small to very large
amounts and wn particular altbough sodmm continued to be
excreted while the plasma concentration was fow, the Jadney s
were able to consers e sodium during the dehydration reaction
But a mse 1 the plasma [Na] produced by hypertome sabne
was followed by tetention of water which restored the osmo
lality of the plasma toits onginal level

Effect of pitressin

Aff these results mught be taken to show that these patients
had an intact anhdwrehe mechamsm which operated to
mamtain their plasma osmolality at alower level than norma}
Thewr response however to exogenous ADH given as pitressin
was quite unexpected

After one bire of water by wiragastnie dnp the patients
recerved 100 mu of pitressin intravenously and 5 1u of
Prtressin m ol larly  Urnine was collected sn hourly
pertods for the following five hours the gastne dnp was
runmng throughout but the amounts given after the mtial
load were unfortunately not recorded The results are shown
 Table ITT In Fig 2 they are compared with the results of
waler deprivation Ivor began with a concentrated unne,
but after the first haur the maxwaum osmolality achieved
after pitressin was some 500 or 600 m osm. less than after
dehydration The effect of pitressin was tested a second time

i Alvert and be then passed unne with a concentration of
N5 moosm ft

that 15 lower even than lus own hypotome
plasma The low concentration af woime m these tests de
pended on the comparatwely fugh unme fow, and not on 8
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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
INa] (1 equns /ml of urine) 12 o2
Phsma (m osm /1) 233 24

* The results on t! ¢ first collection (<ce Fig ) hase been neglocted

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

Mls/n apkn P
| v t
E P A/ ///1 [ M
e g ASMA.
800, 800,
€0 PLASMA 600
400 400
200 200
nwl—v‘r;:c‘_f—.‘: -y J: B 6 TSR 2 W
g
" ALBERT ™" ™ IVOR

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

The difference between the effects of water depray ation and
a 1s far greater than anything obscrved n normal

Jones and de Wardener, 1956), and indeed mdicates
t complete fmlure to respond to pitressin an the

pitresstr
people (
an almos
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presence of a water Joad while the response to water dep;zvz\-
tion was nearly normal  Pitressi was not entirely without
effect on the unme flow snee this diminshed

The falure of Albert and Ivor to respond to pitressin mght
represent the human counterpart of the expenments of
Wesson and ¢o workess {1900} Ther 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
following an additional expansion of the ECF  These observa
tions would be consistent with the suggeshon that when the
ECF 15 expanded beyond a certam pomt the Jadneys 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
mechanism for mamtainmg 8 bypoteme ECF 1n two people
who might have had  hypotorsc cells or whether 3t 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 deficreney but often one of excessive dilution of
the ECF with water The latter sems to have been the fault
n the two patients we studied  Muscle biopsies rexealed
normal or high sodium contents In their responses to hyper
!‘umc sabne wat‘er deprivation  and water Toading therr
were i to
abnormaily farge volume of ECF with low tomaty  Thy

an
ough
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reduced exeretion of solutes The rate of exeretion of sodium
and of solutes was actually higher than with dehydration
though lower than mmediately before the pitressin was

Table I{

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

Changes 1 urine and plasma Alert  Ivor
Maximum urine concentration (m osm /1) ~30 h it
Ilow at maximum concentration (m! fnun ) 13 2
[Nal (i equn n 1 of urine) B2 602

213 213

Phsma (m osm /1)
* Tle results on t1 e first colfectlon (see 1ig 2) 1 ave been neglected

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

MVDEHYD" PITRESSIN 4, DEHYD" PITRESSIN

e & 1 Bl

ngen ol s,
859, #ag,
80!
PLASMA 29
400 409)
200) 200

wzb":i:—iz iz—n‘.w__é ™ 2 T0Wnen
ALBERT ® MYOoR MV

Fia 2 Comparison of tlc changes in tle flow ani concentration of uriie
followng deprivation of water and followyr ¢ f itressin and a water Joa

The difference betwcen the cffects of water deprivation and
pitressn 18 far greater than anything observed m normal
people {Tones and de Wardener, 1950), and indeed ndicates
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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45 % mpenatraemia, The unne

One finds both

. Jhat might seem

'

ntestine? data
Desaulles 1 have no precise . 3
Black 1want to expresiagreenient with Dr Fourman, because 1 think

that none of the allezed chimcal tests for water depletion, such as the

atham vncerhle eanse of

v
Fourman 1 think thatisa very interesting comment Lhe very severe
dehydrations probably do produce renal lesions and we have been
wondertng w hether that accounts for the sy steme acidosis, which 1s so
often a prominent feature

Wallace  Chlonde scidosis always oceurs

Fourman What 1s the plasma bicarbonate?

Wallare Ty our expenence 15 llwayslow  Chlonde 1s maling bicar-
bonate forfeit its place n serum

Desaulles: Dr Fourman, wasit possible to make sterord determmnations
m your case®
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We have made nn observation on emmals that is not dentical but
may pomt in thc’ same direction as the observation you have made 1f
R P . ' .

the sensitivity to pitressin
. T . Coer e aman.

. .
urme was normal A Gowenlockh 1 Vanchester mensured the aldo
sterone output n one of our patients and 1t was normal ¢ abo dd
17-ketosteroid nssays s a crude measure of their corticoid output, nnd
the results were normal It 1s obvious that the hvponatraenia does not
Iead to o shimulation of the aldosterone output of the adrenal

Desatlies Could thus be given the same interpretation as the findings
of Prader, Spalir and Neher (1035 Sch cerz med Wschr, 85, 1085)0
There may be some form of sohum losing sy ndrome

Adolph Tt seemstome Dr I'ourman that in order to show that there
15 something more to ane of these syndromes than o lack of drinking
belhmiour or drinking response on the part of the mdinvdual, you have to
perform your tests i a certnin order you have to be sure that the patient
has plenty of water when y ou do the salt test and plents of salt when ot
do the water test  Could you haxe switehed the tests around and still
obtmined the same results?

Tourman ‘The <nline lond was done three weeks before the dehydme
tion 1he dehy dration preceded the patressin by one day 10 onc of the
patients, by o week in the other patient  The pitressin test was accont
panted by a load of water at the time 1 do agree that one test ean
nfluence another but I.do not thunk that they did m ths mstance

Borst Yhena lngh or a law sodium concentration i the blood plasmn
15 mauntained we believe that this 1s almost always due to an msuf
ficient errculation  Thns imsullivieney often resufts from dehvdrnion but
it may hayve other eauses such as eardine fatlure or by poprotein wenus
We found a lugh blood sodim 1n anacmie patients who had had
recurrent hacmorrhages from peptic uleer  They had no frec aceess (0
water and had been treated with abundant saline mfustons  they had
substantial ocdema  Duning several davs the unine contamed foss
sodmm than tap water  After a Jarge tropsfusion of blood the sodim
exeretion started and the blood sodium 1l to n normal fevd  Sumut
tancously, the output of water increased and the urca cobetntration of
the yrine 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 sodmm rose to normal, while the oedema flud was excreted.
With both the hugh and the low sodium conrentrations the eirculation
was tnadequate, 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 Tn t’he second the rise in btood volume led to the
PSR S N SR R S e e o

salt and water }m an effect on the areulation The problcm 15 that an.

or € cr n patients eannot be measured
ma satisfactory way Since thus factor cannot be distegarded we have to
estimate 1t on the basis of indirect evidence



GLANDULAR SECRETION OF LLECTROLYTES

Jorn HEss Tuayscy
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Trr ducts or tubules of glands with external secretion are
usually quite complex 1n 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 acim, but
that they contribute somehow to the claboration of the final
sceretory product This possibility has alrendy beenconsidered
1n the past century by Merhel (1883), mainly on morphologieal
grounds, and by Werther (1886), who made a comparative
my estigation of the concentration of salt i various types of
saliva  The results of these experiments were however
inconclusive, and m 1950 Babkin restated the need for a
study of the physiology of the glandular ducts  Since then
certun advances have been made through comparitive work,
by the application of coneepts from madern rennl physiology
and with the use of cleetrophystologieal methods, relating
changes 1n membrane potentils to 1onic transport It 1s the
purpose of the present paper to review tlis work and to
present a theory of the mechamsm of glandular electrolyte
secretion based on the avalable data

Tig 1 shows a companson between the concentrations of
the main clectrolytes 1n sweat parotid saliva, tears and
pancreatic Juice 1 relation to sccretory rate caleulated
milhgrams per gram gland per minute The following simil
anties and differences between the four secrctory products
arc apparent from g 1

The Excretion of Sodium
In sweat and 1n parotid salivn the concentration of sodium
1s smaller than the concentration of sodwm in plasma and
02
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vames with the rate of secrebon  With increasing secretory
rate the concentration of sodwim nises to about 60 m equs /1
10 the sweat and to about 80 m equir /I mn the parotid salna,
but no defimte mastmurn s reached in exther secretion  This
finding conforms with the old work of Heidenhawn (186G8)
Langley and Fletcher (1889), Kuttstemer (1911, 1913), and
Hancoel. Whitehouse and Haldane (1929}

SATAETION Puasma

SwEat { PAROT B SAvA (1) o
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In tears and u
n pancreatic juice the concentrat:
in secretion water 15 about e ot

ual to the concent;
sodum 10 plasma yeat. b e on of
S ! ater and 15 independent of the yate of

The Excretion of Potassium

Th
. ‘; :‘?:::z\;mh&m of potassium 1 all four secretions 1
ol wide ranges of vanation m. seeTetory rate
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In parotid salna howeser, n defimste rise 1n potassium
concentration s noted at rates smaller than 15 mg per gram
gland per minute  I'lns finding 1s m agreement wath the results
of I angstroth, McRae and Stavraky (1938) and Burgen (19.6)
A smlar 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 o
rise m potasstum concentration at low scerctory rites has
never been obseryed

The Lxcretron of Anions

lhe mam anion of sweat and tears is chlorrde  Tlis amon
accounts for about S0 per cent of the sum of the concentrations
of soditim and potassium i the tear flurd  Chlonde concentra
tion of sweat 1s not deprcted m Iig 1, but Toche and Ius co
worlers (1951} found the following relation sodmm=
1 12 chlorde+-3 m equus /1

The chief amon of parotid sahva and panercatie juice 19
biearbonate W ith increasing scerctory rate the concentra
tion of hicarbonate nses i both seeretions and renches »
maximum of about €0 m equiy /1 m parotid saltva and about
90-130 m cquiv /I n pancreatie Jjuice  When this masmum
concentration (which 1s subject to mdividual vamation) s
Leen arrned at the concentration of brearbonate remans
mdependent of further mereases m the rate of secretion  The
concentration of chlorrde varies myersely with that of 11
carbonate  In both secretions and at all rates the sums of the
concentrations of the two anions equal about 50 90 per cent
of the sums of the concentrations of sodwim and potassmm

The following hypothesis hins 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 mdependent of the rate
of precursor formation  In the sweat and pirotid glands but
not m the other two glands sodum 15 consequently reab
sorbed by a process of a hmted n avimal capacity {1haysen
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5 d

artz, 1954, Thaysen, 1055, Schwartz an
g’hh:;rsle::liﬁgfc}‘,ml!uln;cr and Forwell, 1056, Bro R'\sm\!sse!:;
hillmann and Thaysen, 1956) Lile sodm, pohs:mxtxlx :
transferred 1nto the precursor b a constant conqiu\ ratio x;
But 1t 18 niot resbsorbed 1 any of the glands  The nsctld
potassrum concentration at the low secretory Tates n parof Io :
salwa (and m sweat?) may bhe secondary to rrahsnlrpt‘m;‘
water from the precursor a5 wdicated by Langstroth, Mc x;e
and $tavraky (1938) and by Thaysen, Thorn and Schwartz
(1904} andfor to an exchange between sodum and potassium
10ns duning the process of sodm reabsorphion

Table T

COMPARISON RETWEEN THE CALCULATFD CONCENTRATIONS OF SUDYUM AND
POTASSITM TN THE

AND THE COSCENTRATIONS OF

RE! OF FOUR FRODLETS
THE SAME 10NS IN PLASMA WATFR

— [sweAT]PAROTID | LACRYMAL | PANCREATIC | PLASMA WATER

wf 13§ w | w ) 160
kil s} w 15 5 5
soml e 1w} e | ws | ws

g 2

shows a linear regression of the rate of sodum
excretion mn parotid saliva on the rate of seeretion  Accordmg
to the wbove hypothess the values for slope and intercept sn
Fig 2 can be interpreted to mean that sodwam 1s transferred
wta the precursor salution ot the rate of 8 132 TIMCTORYWIVR

lents per mg of saliva discharged and that 2 4 micreequIva

lents are subsequently reabsorbed per gram gland per minute

The sodium concentration of the sweat precursor has been
cdlewlated w & smilar manner from the data of Schwartz and
Thaysen {1936) and the values are compared to those of the
other seeretions and o plasma water 1 Table T According
ta Talie T the sums of the concentrations of sodium and
otassim in the preseeretions of sabva and sweat are lower
than the sums of the concentrations of the same 10ns 30 the
two other secretions and n plasma water No other eations

A0 tr—3
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are present mn parotid saliva and n sweat m sufficently lurge
concentration to mahe up for thus difference Judging from the
results of Table 1, the production of sweat and parotid salina
should therefore nvolve secretion of hypotome precursor
solutions, n process which a priors docs not appear very ikely

PAROTID SALIVA P

g
ye 0112{20005)K 24&(°04)

¥+ SDDIUM EXCRETION (m ¢ro equivalents /gram gland/m n}

20 40 60 20 00 20

X»SECRETORY RATE {mg/gram g and/m n}

Tio 2 Tle relation between the eate of sodi im
excretion in parotid sala (ln' microequivalents

glan 1 ee minute

Tt must be emphasized, howeser, that the caleulated figures
for precursor sodmm concentration {and sodiun reabsorp
tion) n the sweat and parohid giands underestimate actunl
values, since the regressions for sodium exerction on sccretory
rote have been fitted te pomts wluck approach, but do nat
reach, & reetiincar relationslup within the observed range
(ef T1g 2) One evplanation for this constderable splay 1n
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the observed values from the asymptote could be that there
15 a certain bach diffuston of water 1 the sequence of actine
sodim reabsorption  As demonstrated below there 1s reason-
able quahtative evidence to suggest that water 1s, 1 fact,
reabsorbed from the precursors of sweat and parotid saliva
Fig 3 llustrates that the concentration of urea in sweat,
tears, and parotid saliva remans proportional to the con-

D IVENTBOINE 60
ALLRATER

2

' PARDTID St 0o
TRAIES 03 mifren)

DTEARSO AT

CONCENTRATION O UREA 1% SLTHETION (mqficdmd
8

00 Tm0 %0 w00 500
CORCINTAATION OF UREA IN PLASMA. {rA0OmI}
F1c 3 The relation between the snmacmiacs

:f:x:r:‘:’l:: ?’f‘ Rr:a mThlher p\:smn within 2 wide range of vana
1s finding 3ndicates that ur

n these seeretions by a process gt

nspeniie vty .ZMP (_)cess of simple th.lTusmn and not v1a

by tnereasing load . .

8s A tracer for the + -

glands in a simnlar

»e mme gomeralar nephron
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Fig. 4 shows the relationship between the S/P (scerction/
plasma) concentration ratio for urca and the rate of scerction
of sweat, parotid saliva, tears and pancreatic juice.

In tears and in pancreatic juice there is apparently dif-
fusion cquilibrium betwcen the scerction and the plasma at all

SWEAT (1} PAROTID SALIVA (2)

1
[l
1
1
¢
[}
1

S/P UREA

1af TEARS (3} PANCREATIC JUILE U4

10] — m———— e — — ]

SECRETORY RATE

Meepet fa e

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

n sweat and in parotid saliva S/P urea varics with the
rate of scerction. In the sweat S/P urea deereases l‘r.om
o or 8 at the low sccrctory rates to about 1 when sweating
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becomes profuse (Arak and Ando, 1953, Bulmer, 1057) In
parotid saliva the ratio deereases from about 1 8 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
urea than the site of precursor formation  The rate of change
n ${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 oceurs as a mere passive
sequence of active sodium reabsarption

Quantitatine mformation about precursor formation and
wter reabsorption can however, hardly be ganed from these
results or from similar “clearance™ studies with other solutes
Morphological and phy il 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
eust and 1t 15 quite possible that exact hnowledge about
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 {10553 195748 ¢} warl ne ~m ot

m s> tial 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 conew . b vtory —n

ntration 1anes with seereto
rate
:bou‘t the same manner ps 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 In some glands the cinef amon transported 13 chlonde
(sweat, tears sublingmal saliva), 1 others bicarbonate rons
are added n varying proportion, possibly due to the presence
of carbomc anhydrase m the cclls {pancreahic ymee, parobxd
salna submallary saliva) Tt 15 reasonable to assume that
water moves in & merely passive sequence of 1ome transport
from the blood side mto the glandular Jumen, and that the
presecretions of all glands are 1sotome or nearly 1sotome

In certmn glands (sweat, parot:d and submavatlary) sodium
15 reahsorbed from the precursor secretion asat flons down the
glandular duct system and 1t 15 likely that anions move from
duct Tumen to the blood side in a passive sequence of the
active sodium Teabsorption The chief amon reabsorbed in
thys manner appears to be chlonde, independently of whether
the pmary secretion contams prumardy chioride or pimaniy
biearbonate 1ons It can be scen from a glance at Fig 1 that
the parotid and the pancrestic glands apparently form pre
secretions of quahfatively sundlar composition, and that the
main dilference in the amome pattern of the final secretory
products 13 that chloride jons have been removed from the
saliva precursor  As a consequence of actne sodwm re
absorption a certaun quantity of water »s, moreover, diffusing
bnek nto the blood stream, although 1t 15 obviaus that
water reabsorption does not oceur isotomeally 8s m He

Beov - 1o

u v Uansports in the duct possessing glands

\ccording to Fig 5 1t 15 howeer, not unreasanable to
suggest that sodwm reabsorption 1s located m te striated
intralobular ducts  Striated epithelum s present m the
parotd and submaxillary glands which apparently reabsorb
sodium but it 15 absent m the sublmgual, pancreatic and
Yachrymal ghnds whieh show no evidence of sodmm re

r)xhsorphcn The precursor secretions are Probably formed
\2\ etrl;e‘ncm‘l! 83 well as by the euboidal epithellum of the
N alary ducets, the former producing a viscous sceretion

h 2 lagh eoncentration of orgame matenal, 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 PAROT!S SUBMAX. | SUBLING | PANCREAS | LACRYMAL

i

N2

Sua< ECN: 5. EC o

varies with secratory rate S

SNu

)

N

suggested that precursor formation 1s loeated 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 n the parotd gland
(I'ig 4,p 08) Connerscly, I donot yventure to claim that the cellsin the
duct are impermeable to an estent that would completely prevent urea
from diftusing bach into the blood stream along the concentration
gradient created by water reabsorption  But the amount of ures diffu-

y . kel e i

slow]y over others Tlis difference i1s not important when one meastres
total body water as the volume of distribution of urea, beeause one waits
until complete equilibritm has been established before the measurement
1smade DBut the d 15 tn the rate dependent process of
secretion, where the time avatlable for diffuston becomes houting

Kartonen In prolonged sweating the potassium concentration s
ligher to start with and then gradually decrenses There 1s no sl
change it sodium or chloride and that would agree quite well with the
reabsorption and 1 storing of § 11 the tubule, whereas
sodium and chloride are not stered (Allman et al (1033) Aeta endocr ,
Copenhagen, 12, 110)

Thaysen Yes, the first sample of sweat obtained after stimulation may
hmve o higher potassium concentration than the following ones One
renson for this may be that the first sample 18 contammnsted with ecliulwe
debris, sebum and sweat residues on the skull surface

at

.- T . ¢

4 o= 21 et attae VA enfla Dnrieyen
. , -

. e . f . .

;pecuht;‘l that the vigorous flow of sahva, caused by stimulation,
*pushed out ™ first a small amount of secrction, wiich had been pnxlur_(:d
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;s b L factn bralfne men
PRI

solium concentration falls The net ar'mv‘unt of sodium lost 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 i 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 epithe
clium does not simularly push out potassium in exchange for the sodium
which 1s being reabsorbed—thie sort of mechanism that is possibly under
aldosterone control,

S Fragia-e . . .o

Thaysen : An exchange mechamsm between soditm and potassium ions
at the site of sodium reabsorption 15 certmnly a very hkely |m<s|b|,1‘ily'.
e ' PIEN e . Sl B4

. . e . i - .
; o . )
't i g . .
: : 1 s 1
e . N .
. . . “

:hungc for reabsorbed sodium 10ns. Sinularly, the adrenal sterowds may
have a dual site of action in the glands. In contradistinetion to the situn-

s o #la pland
. LI feo
e . N e fee it an flamefceame
Co S N
s 5 N )

As regardy your comment nbout the rice dict, sodmm depletion, in-
duced Dy a low soditm ciet, causes the concentrution of sodm fo
N L L L T S T ¢

.- "o .o Lo, ..
s O . e ;

and incomplete ns compared to that of the hidney tubule (Robinson ef
al. (1955), J. appl. Physiol., 8, 169, Thoen cf af (1038) J. appl. Plynol

9, ¥77).
'Ka‘r)mnm: Can anyone comment on the statistical finding that men
- ** =+ ien i ther swent, and that

. e ver than in men (Allman ef
. e ‘

: I ] wllenge, We have similar
findings 1n animals, not in sweat but in urine, but I have absolutddy no
cxplanation for it. It is just an observed fact,

Talbot> T wonder if those who ure commenting on the sodium, chloride
and potassium concentrutions in sweat all have in mind the rel ionship
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between rate of sweatny and the concentration, because 1t vanes
enormously.

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

p:

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

non L ol e n
comparative work 1t 15 & prevec ety Muun \hay 1
!':\lf. l:ut ah‘n 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 Jar wng AR
RN L i

T m cmmmemteat a0 1 A1 g ann lg#1 ab aftha nlasma

1 some
. . . . . - fnex-
' 4 . A = lsmay
- . . v+ situa-

. . .. T o et am elanland

: . mgana Ml horn ba entlie

As regards your comment about the nce diet, sorhium depletion, -
duced by a low sodium diet, causes the concentration of sodwimn (2

. o . .
and mcomplete as compared to that of the hidney tubule (Honusoi &
al, (1955). J. appl. Plysiol., 8, 150, Thorn et al (1930). J. appl. Phynol ,

9, 477). . ‘

explanation for sl il ga just wn veseeie s
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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ndsalt There does not appear to be any inabihity fo secrete
\DH or adrenocortical hormones, though it 1s possible that
he infant does lack the power to adjust the amaunts secreted
with any precision The endocninological situation, therefore,
s essentially one of target organ insensihivity due to wm
maturity

An interesting hypothesis relating to neonatal weight loss
has been put forward by Gans and Thompson {1957) These
worhers measured the urne output and its content of oestro-
gens end 17 hydroxycorticosterads 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 thesixthday 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 tume, 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 witer 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
hydraemia 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 elmumated

Adrenal hyperplasia

Adrenal hyperplasia 15 a disorder with a d
efinite
1bt;':hon for the female sex T Wilkune semee (W~ el

~ Liae BUUUL ane
v sMLNESE patients hate o tendency tn toss of sodvwin 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
Flud and electrolyte control 1s notorously 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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and salt There does not appear to be any wnabihty to secrete
ADH or adrenveortieal hormones, though 1t 15 possible that
the nfant does lack the power to adjust the amounts secreted
with any p The end Togcal situation, theref
1s essentially one of target organ smsensitivity due to im-
matunty

An mterestng hypothesis refating to neonatal weight loss
hias been put forward by Gans and Thompson {(1957) These
warkers measured the unne output and its content of oestro-
gens and 17 hydroxycorticosteroids 1 six normal male
neanates duriag the first few days of hfe The findings were
simular m all the mfants  Large amounts of oestnal (up o a
milbgram or more) were excreted on the fisst post partum
day, the quantity fallmg rapwly during the next two or
three days to theorder of 1 0r 2 gy 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
decreasing excretion of urmme durnmyg the first three to five
days, snd by the end of this time, postnatal weight loss had
ceased  The of 17 byd showed
only mmor fuctuations throughout. The specific gravaty of
the unne was low at first but beeame more concentrated as
the excess of water was exercted, m spite of the fact that
Ruid intake was increasing during this time

Gans and Thompson suggest that part at least of the
hydraema of the newborn infant 1s due to water retention
cused by the high Jating level—the
bang, of course of maternal ongin As the oestrogens are
excreted the fluid excess 1s chwmnated

Y

Adrenal hyperplasia

Adrenal hyperplasia 15 a disorder with a defimt
e preds
E\;ﬂmn for the femnle sex  In Wilks' seriee /R tann I:rf"‘l
s .

. . “aus ausulL one
vurtis ol these patients have tendeney to loss of sodum and
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to clevation of the plasma potassium, as a result of wiich
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 mecharmsm for thus sodium loss 1s not understood Very
Iikely there 1s 2 defect m aldosterone synthesis, but it 15 alse
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
necessary  However, the response to 9a fluorohydrocortisone,
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
intramuscularly, together with large sodiim 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 sodium 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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ble sigmficance opcur Thus, a considerable growth
gg?xsr‘t m thin\‘\'clght of the adrenal gland, more 1n bays than
1 guels, has been observed  It1s almost entirely due to growth
of the cortex The wesght of the thyro:d also shows an adoles
cent spurt, but without sny sex difference Scanty data on
hormone excretion ndicate a slow merease 1 the excrebion
of oestrogen wn hath boys and gisls dunng childhood, with a
marked tncrease at puberty in the case of guls, while 1n boys
the tate of incTease hatherto fested 3s merely d
Androgen excretion ts stmlas in the two sexes before puberty,
after puberty there 1s a marked nse in the ease of boys, but 2
not unimportant nise also oceurs m guls, no doubt as a result
of inereased ndrenocortical activity  There 1s a gradual nse i
the rate of secretton of adrenal corticoids, without sex dif
Terence, from birth to matunty ‘The increase appears to be
proportionate to body size, without any adolescent spurt
The blood level of 17 hydroxycorticosteroids 15 much the

same at all ages and the responsiveness of the adrenals to
Sl by ad hee h

3 P 15 also un
affected by age, except, of course, 1n so far as the adrenal
tlands are smaller n cinldren than i adults A steady fall
t the serum protein bound 1odine aver the years six to 15
parallels the fall 1n basal metabolic rate, and the breews

canf o

Effects of the Menstruat Cycle

An important sex difference 13 sntroduced by the cychy
‘anations n_hypothalamic pitwitary -ovanan (and perhap
sdrenocortien)) funetion which determine the menstrua
cyele 1n females It might well be expected that thes
would lead to important fluctustions 1 flud and electrol
balanee i

\anations 1n body flwd dunng the menstraal moal, 1
iRen vennem « 12

of
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reported weight guns of up to 14 1bs at or during menstrua
tion mn two women Several other wrters (sce Chesley and
Hellman, 1957) have concluded that approuimately 80 per
cent of women have weight gains associated with menstrua
tion  The suggestion that premenstrual weight gain 1s due to

| e S L T T T

Ne/K saliva

S W0 15 20 16 15 20 25

—_ a1
25 5
JE CYCLE DAYS
N - a TAaTy

water and salt retentton, mediated by oestragens, 15 due to
Thorn, Nelson and Thorn (1938) Long and Zucherman
(1937) postulated a réle of adrenal salt retmmng hormones
In the electrolyte imbalance caustng premenstrual flwd

retention .
In a recent imvestigation, Chesley and Iellman (1957)
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studied 23 narmal young women and found that in one third
of them the weight was maximal during the premenstrual
eight days—in accordance with earher wnters Closer
analysis, however, faled to sul 1ate the physiological
basis of such weight gains, since, when they did occur, they

r T T T T T T ™

AL

20725
OAE Bars
Fia 2. Along but ovular, cycle i a normal woman
were shight and were n
t was further sho
»m;:ht gain was thy

. Ot!:l?ﬂhd from one eycle to the next
"n that the ineidence of pre;
€ 53Me 88 wonld ha con 2 ? menstrual
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compatible with ncreased ndrenal salt retammg hormone
secretion during the premenstrual phase

The present author's own hnuted studies on saliary and
urinary Na/K ratitos i the menstrual ¢y cle hayve been directed

T T T —r T T T
99!
8r 45 4
b - 4
Uringry F
Ne/K i
"“71
mE St | AL 4
2 4k
10 20 28 10 20 30 38
b7} CYCLE DAYS ALL
(@) )
Iio 3 Unnary NajIk ratios in two normal women In (a) there

nppears to be a peak at about the time of ovulation In () the
ratio appears te be higher during the sccond half of the cycle

manly towards an attempt at clucidating the basis for so
called premenstrual tension which 1s widely supposed to
depend upon premenstrual salt and flud retention (see, for
example, Greene and Dalton, 1953, who consider an mereased
ocestradhol/progesterone  ratio to be largely responsible)
The findings are 1 agrcement with those of Chesley and
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Hellman (1057) 1n that no prease pattern of vanation :3“

salivary or urnary sodum and potassium concentrations or

Na/K ratios, erther in normal women or 1n those complaming

of pretmenstrual tension, has been discovered e NafK
Fig 1 shows two cycles from a normal woman the

i
1ol 100
KB -B0
No/K urine
ok 60
nEQfL
nift ="y
Al a0
)
2 H20
Nl v
M 5 10

15 20 2527
A CYCLE oays
H10 4 Lnnary and salivary Na b ratios compared in & 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 secretion)
at what may be 1248 from the basal temperature record to
be the time of ovulation
G 2 shows g Yon;

i1 the second cyele
Patient (4 EL) N

2 but ovular cyele 1n another norma]
0 oomy mcmg
g 34 shows the un

¢ pattern 15 discermble
nary Na/K ratios 1n another cycle from
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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-
menstrual tension, In Fig. 4 the salivary and urinary No/K
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 sodium 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.

THISTERORE ¥~ T T T

B
ald usn,u'ag g fioy,_50
. nE. T [ %
f 0
98 ; Adl
'
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was

€ycle, the Na/K ratio m the saliva was definitely lower, due
to a lower sodium concentration, 1n the sccond half of the
eyele Aninjection of 125 mg of 17 Oxyprogesterone capron-
ate intramuscularly faleg to affect the symptoms, but when
ethusterone, 80 mg. daily by mouth, was starteq three days
later the tension dxsnppcarcd. m 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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mantity durnmg pregnancy has been shown by numerous
%a!nncoystudlesg(szc %{“msler and Rigby, 1957 for references)
Chesley snd Boog (1043) found an mereased tuocyanate
space in normal pregnancy, the mcrease bemg still greater
w pre-eclamptic toxaerma From thus 1t was concluded that
much of the sodium retention was due to expansion of the
extracellular flwd (ECF) compartment However, Gray and
Pleatl (1954), using o sodium 1sotope dilution techmique,
found hittle change 1n the sodwum space and total exchange

sble sodrum in normal pregnancy They obsersed a total gam
of some 500 m equv of sadum during the last st< 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 essentially unchanged non

preguant sodwm space during normal pregnancy, despite the
nse in plasma olume, suggests that there 1s hitle change
ECF

The gan of sodium and water, with maintenance of a

normal total exchangeable sodwim value and with an wm

ereased thitocy anate space, provides indirect evidence that 1n
normai pregnancy there is an alteration of cell permeability
withan d maternal storage of intracelful

sodium and
water Th~ -~ - .
with the .
of the ¥ '

. .

of the Fus und prasma volumes It has been demonstrated
by Bartter and co workers (1956) that a fall i ECF volume
without change m tomaity leads to a mse 1n aldosterone
exeretion  Sueh a nse m aldosterone excretian oceuts m
pregnaney (Veaning and Dyrenfurth, 1936, Venning et al
;(:‘.:7 l}:mlcr and Rygby, 1937} and mav farm nart of A
omanet ¢ - -

" one 15
T '« tpanded BUF compartment
& <pansion of this compartment was shown by Bxfrtter t\?\d
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remamung low  In the next cyele, 50 mg ctlusterone 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 have been on the whole
lower 1n the second half of the cycle In the third cycle, no
treatment was given, the usual premenstrual tension appeared
but this time the premenstrual Na/K rattos were the highest
m the cycle

It must be confessed that the writer does not know how to
mterpret these findings, beyond concluding that they do not
provide evidence for theories currently held to account for
premenstrual tension and its 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 as i pregnancy  The output of ocstrogens
nises some thousandfold of progesterone ten to twentyfold
and of adrenocortical and thy rord hormones to less impressne
but still sigmficantly ncreased Jevels A new hormone,
chorionte gonadotroplin, found only n pregnancy, of foctal
and therefore partly paternal ongin—n  foreign protein’, to
some citent—appears n the errculation immediately after
implantation, nises to strihing levels by about the 60th day
of gestation and then as rapsdly falls to about onc quarter
the maxamum level durtng the remunder of pregnaney  The
sum total of these changes ts to produce a substantal degree
of flud and sodium retention i all pregnant patients Ocedema
15 of course common, its association with hy pertension, with
or without albummuria to gine pre eclamptic toxacmt, 15
also not uncommon Toxaem:a 1s for the obstetrictan, onc
of the remmmng major problems he has to face Its patho
genesis continucs m obscurity, in spite of extensn e research

Only onc or two aspeets of ths vast problem will be dealt

with here
That water and sodmm are retmned in considerable
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conclusions, of possitle relevante o our mam theme, ate as
£3
f‘)“(;e“xlmgms In men, the output of oestrogens remams ve
fatn ely constant with iereasing age, in warnen, ont the other
hand, the output dechines between the ages of 40 and 60 years,
reathing o lesel somewhat below that of men and thereafter
tant  Of the separate fractions, oest and
vestradial dechine slowly 1 men, sccompanied by an wncrease
1 oestnol which makes the total oestrogen output appear
constant, tn women the most marked dechne w earher
decades 15t oestrol output, the least warked m that of
oestrome, while 1 the later decades further small declines 1
acstrone and oestradiol are P d by an app t
werease 10 oestnol - Gestriol 15 8 melabolite, not & secretory
product as the other two may be, tts increase with ads ancing
sge may therefore be dve to lesser destruction of seoreted
ocstrogen
Neutral Sterordy  The Tate of dechne of 17 ketosterowds 15
smar’ in both sexes  The urmary hetome androgens ave
Tugher in men than n women and dechine more steeply m the
former particalarly dunog the earlier decades Dunog these
decrdes the dechine of sndrogens 18 steeper than that of 17

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

.
» 1s utuanes more sapudly than that of the fess nn;lnr

gemeally 8013637 hetasterawds Though this might have heen
expoeted for men as a result of dechimng testicular function, st
s perhaps more suspnsing i women and suggests a decrease
m output of etber adrenal ot ovarnan androgens, or both

The ribo of androgens to oestrogens 18 tagher for men
than for won en at all decades untst the ninth

The output of adrennl corticosteraids 1s ather agher 1
men Ahan in women at ol ages and Lares but Iittle with age
Tn contrast the non Letome stevands, & swxtute of s\x\)s\mx%&
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co workers (1956) to cause a fall in urinary aldosterone
excretion m normal persons In the pre eclamptic patients
studied by Rinsler and Rigby (1957), the aldosterone outputs
were constderably less than those at the same stage of normal
pregnancy and 1t was concluded that this was beeause of the
expanded ECT compartment The output of aldosterone m
these toxacmic patients 1s less, for & gven urmary NafK
ratio, than 1n the normal group, yct despite the low aldo
sterone autput, sodium retention 1s maumntamned or mncreased
This suggests that a mechanism other than that of aldo
sterone seerction may be responsible for the sodium retention
of pre eclamptic tovaemia

Labour, especially 1f prolonged, 1s another aspeet of
pregnaney 1n which electroly te disturbance may assume tm
portance  Hawhins and Nrvon (1957) have demonstrated a
consistent loss of plasma water and increase 1n plasma speaific
gravity after only 20 hours of labour, ndicating a state of
dehydration Jong before the appearance of chimeal signs In
addition, they found an erense m plasma sodmm and a
decrease mn chlonde and potassum ‘1lus, they suggest, 15 due
to mereased renal exeretion of chlordes necessitated by the
disturbance of acid base balance due to ketosis resulting from
shortnge of nvailable glycogen After 48 hours of Iabour, a
strihing fall in plasma potassium and in errculating cosmophls
was seen  This 1s consistent with nereased adrenocortieal
activity, such as 15 hnown to occur after surgeal operations
(MacPhee, 1958) In labour, this fall in plasma potassium
may be particularly important beeause of its influence on
uterine contraction It 1s very probable that potassim
depletion 1n Jong labours materinlly adds to the ieflierency
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) Certamn of their
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of doubtful omgin, part adrenocortical and part perhaps
gonadal, dechne with age much as do the IT-ketosteronds
Thus the outputs of the varous classes of neutral sterods
change with age in disssmilar fashion  Close study of the data
suggests that the steroids of adrenal origin are less affected
by age than are those dernved from the gonads, but that
adrenal sterords are not untform 1n behaviour in this respect

Thus differential behaviour s clearly shown by the varous
« hetosteroids  The 11 deony steroids, androsterone and
actiocholanolone, decrease regularly and marhedly with
advanemng age, 1 both men and women In contrast, the 11-
ozygenated 17 ketosteroids decrease much less markedi)
with increasmg age i both sexes  The 11-0ny netiocholmo
lones decrease least of all, these substances dernv e cluefly from
cortisol and 1ts metabolites

To evaluate the sigmficance for fluid and clectroly te control
of these hormonal changes m ageing men and women 1S
none too casy The most important of the above mc{lhoncd
hormones from this pomnt 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 antidiretic
hormone of the posterior pituitary in the control of electroly te
and flind metabolism under the varous circumstances s
cussed above Though 1t 15 true that numerous reports have
appeared m the hterature ymplicatmg ADH m n vanety of
pathologienl states charactenized by oligurin and ocdema, 1t ts
the opinion of v an Dy ke, Adamsons and Engel (1933) that *‘the
assays used to support this belief are so grossly inaccurate as
to make valucless any conclusions that have been reached ™
If we may nceept that opunen, nothing further need be smd
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§ P here the hyp of the Nyl
find fs aecompanied by 8 swellmg of the eells An “sppropriate” fall n
tonicity and inerease in y olume of th haid 15 not

with these symptoms The patients I mentioned eather do not have
endence of water intoxication

After every stress, these patients with hyponatmaemia retumed to
heie onnal low concentration of extracellniar flud  One frels that the
eoncentrution is determned by the cells—a new steady state We do
Behere that this low conventralion of the extracellular flad must be the
fesult of 8 low oamotic pressure of the cells, There are cbviously different
Tands of hiypotomicity of the extracellntar flnd, with and without Symp-
1oms of water \ntoxication  When there are symptoms, the cells are
swollea, Vfiss feeson and § have been wondenng whether a lach of

Symploms means the celis are not swollen, but merely hypotome,

Sweyer 1 was refernng to the op{\ome problem, namely that in Jabour
dehyd s d by lack of y b ly this
Enerease in speeific gravaty of the plasma and the apparent lass of Plasma
otasum would not be consistent with normal functioning of the cells
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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 -

' v
volume It did not seem to make any difference at all, but I do agree
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
tence, and f so, have you or any of those hiere a sohd 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 is wedonot
really know  Dr. Wettstein (1058 Jva, 29, in press) has Just desenibed
Tow he found it and how he is working on 1t, but that is a< far n9 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 cniteria 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:
amsen the mmmty ut the extmv:ellular ﬂuid due to nn increase in the

uad Howntree, L. G, (192 ). Arch wntern. Bl:d 29, 306‘1 excmphﬁes ah
‘here the hyp 1!

fuid {s accorapamed by a swdlmvv uf the cells. An ‘appmpmk" f210 in

tomerty gnd increase vy nm 18 n t

etk thecn et H « -+ donot have

+ relumned jo

QSE‘RFS

o 14 Lut LS 418 LUL SWollen, but merely hypotonie.
S\nyn 1 was refertiag to the opposite }mbkm, nnmcly that in labour
by lack o
hcmue n speclﬁc gravity of the plasma and the apparent loss of plasmn
}):\:sl"u.n: :mu!d N0t be conststent with normal functionine of $he sire

wh
X

glac
of t
fan

§ sty Wik - fan

but because sh . . .

rrrmmmn horm

of tranmieny.
Sayer mﬁ; . . :

ok Dr Talbe "
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mvahdates them
Greey SN

P - Car o aver v vL .

' P
Z‘lmyscn How were the Na/K ratios tn the sahvs done?
- 3 Ar e F

and in another scries the first five minutes was disearded and the second

five munutes collected, s T understand there 13 something signifleant 1n

that, We were unable to see any difference at all when done in these two
r R Ly . [ Pt

P \__'
" " N

- . )

- . . - 1 o
that the estimation of the Na/K ratio permits one to dispense with the
necessity for measuring scerctory rate

Stoyer Another thing we did was to measure the volumes which were
produced 1 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 I beheve that you might find the matio yvery reprodueible
when you use a standard sccretory mte

Talbol Dr Swycr, you mentioned something about a will o*-the-wisp,
sodium diuretic hormone of adrenal origin - Do you beheve in its exls-
tence, and if 50, have 3 ou or any of those here a solid notion ns to the
nature of the beast?

Steyer I certainly bave no solid notion It is an iden that hus been

mooted to account for the appsrent inability of normal amounts of
t the sodium Joss T hnow there

sodium 1 to count
have been very active searches for it, and that large amounts are found
P P R S S R )

o "t DR - L 1we hmve
s . " . -t L *  awedonot

PRI LRI - : -, 1 P desenibed
how he found it and how he is working on it, but that Js as far ad we

hase pot
Adplph I would Ihe to mse a genernl problem which Dr Swyer
- ’ T =t e delndme
‘ . s of dehy -

. . nt,and T
. aabout it.

or super-

hydeation, 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 response
1o n water Joad,
Adolph  Tius oestrogemic influence scems 1o me a sery interestung
shibty, Has snyone any data on the influence of the maternal
ormones upon water halances or exchanges?
Fourman Another questton 15 whether oestrogens do mhntnt the

A b man e

satiauly of the water load since that extends for the bes 0
first yeat, or so T understand s for the tpart of the
:\(};ﬁm}:ccl {‘;I‘::&‘:nldy about 14 days, 1 behieve
Ipi can elanfy this contradiction of pges to some extent
}f)_mn read the literature up 10 1023 you learn that in the first Lear thn

P oo oviun us gilal, BRA Within 40 das
the adult 'Ys even os at 8s n
wogi human, if one bases water load and excretion m\glrx:ul body
Stoyer Does thns als
of :z(m“eﬂ 13 also apply to resistance to dehy dration and handhing
Iph 1 do not think we ha
delipdsation W know mneh tece shae s O the resistance to
luyrr\;),dmuon )
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B T P v .

P . - "
Young+ T think there 1s a much simpler explanation for the young
mfant’s rapd mse i serum potassium under conditions of stress The
Fotiacs o e S SN R 1 med e b A1 oaf e

dration, I have no rent proof of thus, but all neonntes becomng dehy-
drated very quickly show a lugh serum potassium Jevel.

Mulne In these cases in babies with lugh serum potassium, 15 the
myocardium less sensttise to the hyperhalacnun? This could be inferred
from the wark of Widdowson nnd McCance (1956. Clin Set , 15, 361} ont
serum potassium 1n foetal pigs  Anyone with experience of hvper
kalaemia 1n acute renal failure 1 adults would find very severe 1¢G
changes long before the serum potassitm reached 10 mequin.fl, and
death usually occurs very shortly after the potassmm reaches 10
m equiv /I These lgh figures rather startle me, I would Iike to know
what 1s happening to the L.CG during the period of hyperhalaenua

Davson_'1he effect of potassum on the heart 1s inked with that of
caleum It may be that over long periods the calcium might rise too
and tend to compensate for the raised potassiam.

Seribner We have made some studies on dogs and we could not greatly
incrense the tolerance of the dog to hyperhalnenua by guing ealcm

Large doses of caleium inereased tolerance no more than 1 m equin.!
A -1 PR B 14 A 1 amoama | Marenee

T e e

oy

young males, it 13 & Very frghteming experience to see the leart mis-
behaving with both the clinicat cMects and the I CG changes of hyper-

halacrma,
McCance* You seem to have found sometling 1n wiuch the infant

of infants, sometimes the physiologist’s pomt of view has made the
. N PO Bl adan o1 e Inf wag s)a temtment
. . ¢

¢

logy are borne in mind
“ILhere is one point 1 should like to make wluch refers to the papers by
Prof Adolph and Dr Swyer It seems to me, since the baby temds to



GENERAL DISCUSSION
Riched Dr Thaysen mm'ur),pmsoang X supposed to mhitat

he ¢ h laneelle T

substance?
Tha;;sen T have not done any expen‘x‘nents of this Llnd~mys‘clf,
O e vy A S nwrand nnt an tha

Richet Dr Desaulles has remunded me that dunng chronic
mereunc posonung scrodymia 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 loeal effect of the mercury durectly
on the glands

son It 1s rather a fortunate accident that the mercurials are
diureties and that they hase that speafic action on the hidney
f1h tee TH A e AL e o =~ Cam

[Fan wrovo to dm an

paratier iIncrease m the plasma magnesium, celiul
went up but rather l:ssp o ’ or magnesnum also
Rrchet We have made &

of plasma
xsore than 200 panents during acute a N
urt

mn
nd chrome renal fail

g acute renal failure there s always an increase fn ala::a
o Our techmque with yellow s
normalyaluesof 1 5-] T : I e
B 3‘2 ; ; 1 7m equis {1 Inacute renal failure we some-

-equv /I serum magnesium  In contrast, seram
Lid
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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 -

Yo [ . . L .
and salt management thit we arce talhing about today —we furad to

find any e l.d(‘n(‘c.ﬂll'll. lhI:: F.Ennll'flnld:'x:n ‘r(‘,x_u‘l. m'l)."\’\\:n;‘c :lmnstlznr;":

‘ 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 fis e time 1sotomeity would hat e stopped
#2 Just the fact that the shia absorbs water does not mean 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 axr  The results by thus techmque sgree wath
the hypertonic 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 chrcians reparted on considerable
absorption of water by the skinwnt eart failure The prognosts 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
v . o caa .
P 1. .

Ppotassium remains normal for a Iong time

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

Sertbner Ivant to bring to your attention the work done by Dr
Konrad Buettner, professor in the Division of Climatology at the
Unnersity of Washington, Scattle (1953 J appl Physl , 6, 229)
His observations bear on the sweating data that we have he
and also on considerations of cellular tomaty  If you study m:ter

. . LT el -

trations of sodium chloride solution, the skin will take up water until
a concentration which 1s five times 1sotonic 1s reached ~The mecha

mism of absorption 1s not known and there has been no worh to
cluaidate why this oceurs The rate of absorption in an adult humans
about 20 ml /hr for the total shin, and 1s correspondngly less {or

R .
Jow rates of sweating, data on electrolytes 1n sweat may be abnor
mally lngh throughout due to this absorption, and thereissomechance
that by the proper control of condstions you may be able to absorb
water 1n survival expeniments at ses, since sca water 1s only three
times 3sotomic

Datson What happens to the water? Is 1t immediately carned
awqy by the capillanes?

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

Talbot In the last war m surcisal ration studies we immersed
some very dehydrated volunteer sub‘xv':cls n the equis alent of sen

Y cnwnt Anof

n

s
o
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Dason Vias there also a control on whether salls 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
sal‘l_s are nat absorbed as well

Pt



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 chermeal analysis
wiich 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 determuned 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 mn the adult groups as the 1olume of distribution
of radionctiy e bromde corrected for red cell bromide, for the
relative water contents of plasma and mterstitind 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
Prcrgy Commission to the Peter ltent Brigham Hospital (\T-{30-1)-"3),
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sulphate 15 smaller than the corrected Aolame of dilution of
radiobrormude the \alues for extracellular volumes will not be
directly comparable for the cluldren and the ndults The same
wil apply to the eiledlated mtracellulas water Al the
methods used are reproducible within the 5 per cent range
As the absolute quantities measured are difficult to compare
Srom one mdinidual to ancther 1t has become customary to
express the yesults as relatwe values The standard of refer
ence used 1s the body Beight as this standard in our experience
has been the most stmple  In the interpretation st 1s important
to realize that a rather large biological vanstion sppears
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 hwve appeared 1t will be the
purpose of this paper to outhne these features m & description
of the body water compartments during the three maim phases
of ife growth matunty and ageng

Growth

Gronth implies & vanety of fundamental processes ceil
multipheatson increase m cell size accumulation of extracel
fuiar matenal merease m fat and munerals

The alterations m the body water compartments during
growth have been studied by Frus Hansen (1926) From a
<eries of 93 normal cluldren studied with deutenum ovide
with th1osulphate or with both a series of 31 mndividuals with
simultancous 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
water demonstrate an merease throughout mfancy and chald

hood It 35 seen that the intracelt

ular water 1

markedly than the extrocellular s ater e more
InTable 11 the three

are given as
of \md?’ - elgz\x The total body water shows a relative de
crease mfancy and ehildhaod with a most marhed
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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
introduction 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

102
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with thiosulphat; trated & relative d of extra
cellutar water dunng growth A sumilar 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 bromide space The
selatine salues for mtracellular water 1 the semes presented
stayed about the same throughout mfancy end chwldhood
o siular mvestigations ate available i the literature, butat
is interesting that Corsa and co worhers {1956) found that
the tatal exchangeable potassum as related to body weight
stayed the same throughout mfaney and cnldhood  As about
95-98 per cent of the exchangeable potassium must be present
within the cells thesr resulis can be taken as corroboratis ¢
evdence for Frus Hansen s (1956) findimgs of the xclatwe
constancy of the mtracellular water
An al m the nterrelationship bet the extra

celtutar and intraceflular water during growth thus nppears
When the e Nular water 18 d

of
total body water the extracellutar comp-\rtmgnt decreases
{rom 55 per cent in the youngest group to 38 per cent and 28
per cent 5 the two oldest groups again reflecting the relatne
decrease of the extracellular water This altered relationstuy
between the extra and intracelular water is another impor
fant facel 1a the body compositional changes dupng growth
The alterations dunng growth cauld be produced mn two
35 {1) They could be due to s proportional altarat e ot

Tutlun the body water ts the t

oy
Tistothemical studies are helpful
e prom e pful 10 the interpretation of

pel Fromms {1937) found
muscuiar tssue from hurpan mw‘bam )lmlnes an‘c‘; fv:s:x‘:;d:dsultz
8 relative increase 1 antragellular phase duning growth,
\:::‘et:c:;s such & change 4id not appear m the shin or 1n th::
o ghm (ner\ ous tissue  Kerpel Fronws also drew attention
e fact that the total muscle water had mcreased from
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decrease during the first two years of Ife 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
BN 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 sumilar to the
findings 1n the larger group including cases with single measure
ments of total body water or of extracellular volume A
statistical analys:s of the larger group has shown that most of
the differences between the age groups are sigmfieant

‘Table IT
BODY WATIR COMPARTMENTS IN CHILDREN RILATIVF JALUTS
Age T alues 1t per cent of bolywe glt Number of
Yl 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, mmeral solids and body fat The total body solids
thus represent the fraction of the body which demonstrates
the Inghest degree of absolute mncrease during grow th This
merease m total body solids represents one important facet
In 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 ;

wewhit ith standard ersor of the mean
Sex dge  Waghthy  TBW ECIF d P

Hales, 25 kiR 513 23 3 L
+1 39 £0 6§ 0 89
Femalrs 2351 593 486 27 209
+1 47 40 5% X098

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 (0 01> P»o 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 wr Dr Franas D Moore’s Inboratory, 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 bromide,
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ber refative
It appeats from the senes that males have a Ing

mn{ctﬁzpof body water thon females cmﬁsmmé"ﬂ‘m :wﬂtﬁi
nth the deutenum otde method reported My . .

€0 workers frose M

he o w vt umounts of extracefiulat
wawet g the senes presented The extraceiinlay water Yepre-
sented 22 7 per cent of budy woight n the fernales and 23+4
Per cent 10 the rales This swatlarty w the relative wnsl oy
S?: e:maceﬂular water 1¢ v Aom

3
»

. waen bromude space, of
o s asuos aud Luft (1937} using the thiowiphate
wethed, and of Gnffin and co worbers (1945} usng the
abeyanate ethod,

The lower relative content of total body water i females
a5 compared to males m the senes presepted 15 due to 2
relatively Yosver content of intracellular water in the females
A unuler Sufference i the content of wmiracelinlar water
appears i the senes studied by Lyungeren, Tidos and Taft
{1857) 1 which the olar water was calculated on the
basts of an extracellular space mensured with radiobromude as
well as wth thiosulphate  Further evidence of the relatieely
fower conens of intracellnlar water m females compared to
ales 15 present @ the vomwstent findmops of o 1
smount of total exchanca 7
by Edelman and co R
Salomon {1954} Bla, <2004y, Sagild (1936),
woh Lynnggren Thkes and Yult {1957}

A "I'{xe tower velative body water i fematne md nava ~ 1 3

- ny
« wuey 1o~ ntracelinlar water and bom(*e‘cciunve
able gotestoom sy be aseumed o be lower m femats ¢k -
M males ¢ san—

8 tugher
Qian e
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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'I COMPARTMENTS AND TOTAL EXCHANGEABLE
ELECTROLYTES IN ADULTS

Sex Values related to bod s weigl t with standard error of the mean
ECnH Cly Na, wcn 4
(%) (mequiofag) (mequiv Rg) (®) (m equit g

Males 23 4 203 895 309 48 0
40 64 +0 71 41 06 40 89 4138

Females 227 28 6 3838 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 potassium concentration 1n 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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sud fsom 25 9 per cent to 22 & per cenb females  The
dfferences mentoned arc not statiwheally sigmfcant except
for the decrease 1n mbracellulay water 1 males (0 01> P>
’ %t:c) tendency to & deerease in the relative values for total
body water found 1 both sexes 15 wostly due toa decrease mn
Intracefular water From an unpublished stndy of Dr N %

Stk (1957} 1w which the antipynine space and the thio

cyanste space were measured 1n a Jarger group of males, the
following data are of mirrest A companson of 28 subjects

Tabie VI

BoeY WATER COMPARTMENTS 1V SOCNGER AVD IN OLOLS ADULTS
BELATIVE VALUES

T ater compartments 1 pey cent of body

tretght with standard ¢rear of the mean
Ser 1ge Treight TBW ECH 1w

{Number) 3

Stoles 2351 125 543 23 4 309
{10} 4183 +0 64 ECR)

Males 71-8% 033 508 254 ERES
™ +1 50 1) 36 40 58

Females °3-51 553 588 27 2.8
[t £1 47 30 53 £0 96

Femaley 674 v 431 o1 4 223
[t 41 32 10 b +0 97

aged 40-30 and 82 subjects aged 70-79 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 36 5 per cent to
231 per cent  The extraceliufar water changed from 24 3
fer cent to 25 8 per cent only  The same pattern of a shght
decrease w total body water

and m intracéllular water
elated to body weght was seen 1n o male senes studied by

Oturseh and Waodtord Wilhams {3926} Sagid s findings of a

decrease in total exehongeshle potass
) th
wraups of both sexes can a ; et et B

alsg be nterpreted as evidence of
decrease 1 the mbracell "
Soata 10501 acellalar phase related to body weibt
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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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2.4 per cent in females, The

m 259 per cent to 22-4 per n f

?i?é::::cm mentl:oned are not statisticatly sxgmﬁmx&t e’“’[f’“

for the decrtase in ntracefiuinr wates iny ales Q00> P>

“'9\2‘3 emeney 1o a decrense m the Telative vatues for tot?'l
i I Lae canen

Shock {1957}, in winch the antipynue spuse o

cyanate space Were measured 1 & larger group of“ma\es: the

fallowang data are of Mterest. A companson of 23 subjects

Table VI

TODY WATER COWPARTHMENTS 1N YOUNGER AN 1S RIDER APLLTS
RELATIVE. VALUES

TWater compartments 1n pet cent of body

weight wyth standard erfor of the mean
Sex sge Waght T'fm' LEW oW
Number) kg
Stafes 2351 w25 543 23 4 309
) 1% 48 64 +0 89
Stales 184 841 508 25 4 233
o 1 53 +1 36 30 38
Femudes 2351 X 86 2T 259
09) 2147 10 34 1096
Females 61 74 538 XY 214 22 4
] +1 02 +0 £3 40 97

ared 48-49 and 32 subjeets aged 76-79 showed that the
vatues for total body water related to body weight decreased
from 53 8 per cenit to 50 § per cent, and these for the cal-
eulated wntraceltulae water decreased from 863 per vent to
251 per eeal. The extraceflufar water changed from 24-8
per eent Ya 25 8 per cent only. The same pattern of a slight
deerease w0 total body water and an intraceflular water
related to body weight nas seed n n
Olbnich and Woodford-1¥;
deeresse i totad exehangeahle potasslum 1n the old age

£roups of bath seves can also be interpreted ag evidence of 2
decrease in the mtraceliu

Jar phase related to bod
Bnphd, Y0300 phase related to Y newht

male series studied by
Mams (1956). Sagld’s findings of &
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Trom the uniform tendencies in these materials it scems
reasonable to conclude that the shght decrease in total body
water and m mtracellular water related to body weight
reflects real alterations m the body composition with advane
g age With the decrease mn the relatrve value for total
body water there 1s a relative merease mn total body sohds
As the intracellular phase shows a relatie deeresse the
mcrease 1n total body solids must be assumed to be eaused by
a relatry e mercase m non cellular solids, most probably body
fat

The alterations m the extracellular water related to body
weight are not quite uniform and the changes are small It 1s
of interest that extracellular water expressed as per cent of
total body water in both sexes shows a nise from younger to
older subjects, 1n the males from 43 per cent to 50 per cent, m
the females from 47 per cent to 49 per cent  This tendency 1§
also seen 1n Shock’s and m Olbrich and Woodford Wilhams
scries and indicates an altered relationslip between the
extracellular and mtracellular 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 deercase in total body water
and 1n ntracellular water and a relatis ¢ mcrense n total body
solids, most probably body fat, was found The extracellular
water stayed essentially the snme 1n values related to body
weight, but demonstrated a tendency to increase in per cent
of total body water
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DISGUSSION
Hingerty  Are these hfferepces in the ntracell
mn‘x:c:t:og of functional musenlar tissne? Ih“:l?nwaj? related to 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

. . rators (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?

for the age reduction 1 bastl mctabiolisny tn terms of ectiir @ sy 1 lren y
h ‘ N - ' 1 s5a1 gl metab

' 3gen con

" R .

arca
s“g;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*

WiLLiaM M, WaLLAcg, WirtLiax B. WeIL and
AxNE TavLOR

Department of Pediatrics, 1 estern Reserve Universuty School of
Medicine and Bobies' and Children’s Hospilal, Cleveland, Dho

THE quantities of various nutrtive substances m the
growmng body at any given pomt represent the metabole
wntegration of the daily additions to the body from the diet
from the tune of conception. Measurcment of the rate or
quantity of addition may or may not measure the nutritional
requirement for a given substance. Whether 1t does or not
will depend upon the requirement for synthesis and metabolie
transformation and upon the possibility of the body bemg
able to store the substance. Thus, the day-by -day aceretion
of fat or glycogen cannot measure a requirement but the
acceretion of protein and mineral may do so, once any capacity
for storage 1s exceeded. Information concermng requirements
for growth 1s usually obtained by measurements of external
balance for varable perods of time The information ac:
quired concerning the requirements for growth 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 extensive 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, Chio and the National Institute of Arthntis and Metabolic Diceascs
. ~ oera ST dnowos e o Tealth benviee,
. T . .
[ . o e Society, May
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That body tissues can vary sigmficantly 1 composition except
under extreme conditions 15 difficult to Teconeile ‘with present-
day knowledge of tissue composit

The expenments to be described here were undertaken n
an attempt to charactenze the effects of Tugh and low mineral
and protemn mtakes, m Vanous combimations, upon the body
compoution of the growing albmo rat as determined by
direct whole body analysts  Previous worh using this method
of approach has been concerned with single constituents and
not with the mterrelatsonships of all of the components The
data indicate Little vanabihity 1n composition for the collective
soft tissues of the body The only intake-dependent relation-

ship that seems of sigmficance 15 in the relstive proporuons
of sheleton to soft tussues

Experimental Methods
A Animals and Diets

Male weanling Sprague Dawley strain rats were used m all
feeding expeniments Two groups of arumals were nsed to
measure food consumption on the Ingh and low protein diets
In these expeniments spill proof feeding tunnels were used,
and the ammals caged singly The remamming growps of
animals were housed i umits of four 1 steel wire cages wmith
open mesh hottoms Continuous aceess to unhmited quantt
ties of food 1n open contawners was allowed Distilled water
was similarly offered from dropping bottles Al groups of
snwmals were altowed to grow for a penod of 20-25 days
Thus period of time was chosen as tt allowed approvimate

doubling of weight for the most slowly growm; ups
'u"[':\; er.xper’mmm\a\ duets were compounded \i\i‘: ;?mvdered
| M:iow s milk (Starlac, The Borden Company), electro
C’o rpnrnhon“gz\erlla 1::;(): d(zx:tem (N\;tntlonal Biochemcals
, rose g fat mrvture e

c(‘:}:i‘ pé;ts of com ol {Mazola Corn Gil, Comn Proo?ll\x::tssuil?
(Cns%o P;D/c“&"), Ihnois) and bydrogenated vegetable ol

X tor aud Gamble, Cinemnaty, Ohuo), and a salt
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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
ammal feed (Prshtes The Carnation Milk 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 Frshes by way of contral  See Table 1 for
coraposttion of this ration

7 4 high protem, ngh clectralyte group fed to measure
food consumption

§ A silar group to Mo 7 but fed the low protem, low
efectrolyte diet

At the end of the allotted penod of growth (2023 days) the
ammals were ethemzed and 2 ml of blood removed for
analysis esther by heart puncture or tabmesion Kithng was
accomplished by further ether evposure The dead weight
was obtained and the abdomunal casity, thorax and shull
opened wath heavy shears* The whole body was then dned
1 an oven at 85° 95° C until o constant weight was reached
{$~5 days) Dunng the drymg process, the earcass was
further broken up with heavy shears The dsntegrated
careass was extracted repeatedly with a cold mxture of equal
parts ethyl and petraleum ether and ve dned to constant
weight  The dried extracted carcass was then homogenized m
3 Wanng Blendor with 5 volumes of anydrous acetone and
the sofvent evaporated off and the matenal re dred Thus
process produces a fine homogeneous powder suitable for
quantitatine analysis The powder was stored 1n & desiceator

B Chemical Methods

Water  Caleulated from weight loss fter desicention

Fal Durmg the course of the analytical work, the Iat
extraction method used as applied to tissues by Hastings and
Fuchelberger (1937) was examined for completeness of fat
Sdrachion when apphied to whole carcass  Powdered carcass
was exhaustively extracted in the Soxhlet apparatus senally
ustng ether aleohol and ehloroform This process inereased
the degree of {1t evtraction to the exten

t of 1 5-4 g per
ammal  Analysis of the material subjeeted to such e\m‘icuun
.. L Intestinal contents nete naf same * .
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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 matertal Consequently, fat has been calculated m all
of the data by the rclation Fat=dead weight—water
weight—(mitrogen X6 25--ash weight) All of the constitu
ents shown in Table IT have been caleulated as g, m mole or
m cquiv 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

Nutrogen  Determuined by macro Kjeldah] 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

Sodwum, Potassium and Calerum  These were determined on
the ash after separation of calctum usmg methods presiously
deseribed (Bergstrom and Wallace, 1951)

Magnesium  Deterninations were done on the ash using the
method of Tister (1930)

Phosphorus This was determuned on the ash by the method
of Nishe and Subbarow (1925)

All clectrolyte and mitrogen analyses were i dupheate

Results

The analy treal data obtained 1 the experiments are shown
m Table II Tor comparntive purposes the whole body
analyses on the albino rat of Iight and co worhers (1034) and
of Chech and Vest (1956) are mcluded  Also shown are the
average data of Widdowson and Spray (10511) for six normal
human newborn balues and the data for single whole adult
human bodies of Widdowson, MeCance and Spray (1051.4)
Yorbes Cooper and Mitchell (195%) and Mitchell and co
worhers (1035) The data for water, protein and ash have been
ealculated per hilogeam of fat free body weight The water
and cleetroly tes are also shown uung 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

CROP  eROT  asw
Tw fmoy ASH PROT WATER FaT

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

FRISKES 48 2!
CX

]
(349 fa et 8o Ween )

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



Errecr oF VARTABLE InTARE on Bopy Covrosrrion 123

standard of growth The high protemn groups are very closely
equisalent 1n weight, protem and water content to the
standard The two low protemn groups reach two thurds of the
Tugh protein groups with regard to weight, water and protein

The degree of mneral aceretion 1n the high protein animals 1s
significantly different, the high electrolyte group accreting

3~ Boor WEiGHT (FAT FREE)

WATER
Wean T PROTEN
i AsH

% Friscies Weiony)
FIG 2 Aot ten an b @ -
«

d

muck
uch more than the low, but less than the Prsl a

o , e tucgunot ashas not sremficantt A e

w iy
relitive and abslyte aceret, Vot paars show 2 greater

1on of praten than do the low
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protein, high electrolyte group. This is signifieant 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
rcsultfng from dicts of variable protein and clectrolyte content.
The high-protein-fed animals have more protein in relation to

PROT ASH A ta A
L P

e
300 200 Q0 0 < 100 200 300

g/htre H,0 m-equiv/ioog Prot +Ash
Yig.~ ™ [T SRR S Y PP
and " .
On t - 0 . i
there - . e '

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 protcin mntake ean the growing
body lay down maximal bony tissue. In the Friskic grovp
where the ash of the intake is very high and composed
chiefly of ealeium salts, an even greater accumulation of ash
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occurs ab the relative expense of soft tssue Where this
Tel hap stops 18 not d by the present data
< bl 1 1 .« oy

wn

tion of ash and protem in the body water and the nature of
the camposition of the ash are shownn Fig 8 It 1s endent,
a5 has been noted that only i the weanhngs and m the low
protein hugh electroly te group does a sigmficantly different
amount of protemn per unit of water appear

All of the expersmental data for mndiidual constituents of
the body have been caleulated using four ref para
meters e grats or m mole per whole body, per hilogram of
fat free whole body, per hilogram of water and per 100 g of
protein plus ash (fat frec dry tissue) Al of these caleulated
ndividual yalues has e been compared among the four groups
The following staterents can be made

1 The Effects on the Protein Content of the Body
4 By Prolein Intake

Only in those amimals on the hugh electrolyte diets did
inereased protein intake result 1n mereased protein content of
the body on any of the enumerated bases

B By Electrolyte Infake

In the amumals on the hgh protew mtakes, the electralyte
oflect was vartable depending upon the reference base wsed
for caleulabion In the low protem fed amumals & bagh electyo
Iyte intake reduced the protem content of the body calculated
on any hasts

Il The Effects oa the Mineral Content of the Body,
4 By Protein Intale
On any basis of caleulation, other tha

N m abzolute body smize,

the bodies of the snimals fed a low protem wtake, w‘x):ethe;

with high or lon c!cctml)tc. contaimed raore ash, calerum,
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magnesium, sodum, chloride and phosphorus than those fed
a hugh protem intake,

B. By Licctrolyte Intake,

The high electrolyte dicts led to mereased calesum and
decreased chloride in all groups caleulated on any basis.

In the hugh protemn 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 expen-
mental groups. The only consistent sigmfieant difference 15
for the concentration of total serum protein  Serum protemn
concentrations are Ingher m the high-proten-fed groups
The lower protem concentration may mdicate protemn de-
ficiency 1n the low protem group and other cvidenee for such
deficieney 1s given below. The validity of serum protetn con-
centrations as a reliable mdex of protemn malnutntion can be
questioned. In this connevion at 1s of mterest that the serum
protein concentration of the breastfed infant 1s lower than
that of the nfant fud cow’s mik (Tudsad, Birch-Andersen
and Marmer, 1957).

Animals m experimental groups No 7 and No. 8 were fed
1n such o manner as to allow accurate measurement of food
mtake. The lugh protein 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 caloric 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 calories per avcrage ammal {2,085 calories per hg )
Caleulation of the calories utthzed for physiological activity
wdicates that the low protemn group expended 175 ealonies
more per ammal for the period of observation than did the
lugh protein group Increased spontancous activity was
clearly evident in the Jow protem groups during the period of



¢ 12
Errpet oF VARIADLE INTAKE ON Bopy Coyposrrioy 127
cheervation, Inereased spontaneous actn ity with n\i{\ml\;gﬂ
deficiency has been prckusly noted {Forbes et @b, 53
Bevan et al , 1950)

¥ HPHE

can molef « BPLE
100g Proten *LPHE
alPLE

0.

0ol CaviToP-siy

Moo asCarass

s

30 1Y
£.m mole ficog Protem
T 4 Tehtiondups of ealeum and phosphorus 1o

proten m the expenimiental groups For deswcnption of
Ticthod of canstriiction, ste text

The dnia i Fig. 4 rep Y the ca) fphosphorus re-
latonstup W the four prinepd expenmental gt‘m.\ps, On
the nssumphion that the protem eontent 15 o basic uait of
strocture, the Malues are compared an yelation to protein,
One sdvantage of this formutation 15 that the intercept of the
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regression line on the X axis defines the amount of phosphorus
present in 100 g of calelum free protemn  Tihis value should
reflect primanly the phosphorus content of muscle tissue
From the statistical analysis of the caleum phosphorus
relationshup, 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 calemm = 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 caleium and phosphorus are expressed as g /100 ¢
proten The X intercept 15 between 80 8 and 43 6 m mole
phosphorus/100 g protein or between 0 93 and 1 35 g phos
phorus/100 g proten It 1s of interest that the ealem/
phosphorus ratios of the four groups of rats studied by Taght
and co workers (1931) and the mfants analysed 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 calelum and to the total amount of
protem present The phosphorus coneentration 1s constant in
the *“soft tissue” {calcium frec protem), and the phosphorus
Tias o constant ratio to the caleium in the “skeleton” {ealeium
containing tissue)

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

Discussion

The present data, like the very similar data of Widdowson
and McCance (1957) and Stanter (1957), indicate no real
evidence for storage or deplction 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 o standard of reference
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The rationale for the use of the latter standard has been dis
ctissed 1n detast elsehere (Cotlove ef al , 1051) While such a
reference point 15 essential for ev aluation of acute shfts of
water and electrolytes m tissues, 1t may not be equally
applicable where the growth of a complex of tissues 180
volved Jn thus latter sttuation 1t 1s essential that the relative
gamn or loss of a substance 1n question be examined m regard
10 & number of reference standards, as has been done here {see
Results) When the changen any constituent 15 consistent in
durection regardless of the reference basis, 1t 15 probably &
seal one, as has been noted above However, when the change
1 1n one direction on oue basis and mn the opposite on another,
the question of gam or loss 15 difficult to assess  An example of
1bss from the eurrent data 1s found 1n the change 1n potassum
content with change in protemn mtade m the ammals on the
Jow electrolyte diets The ligh protemn fed ammals were
larger and 4 more P on an absolute basis
When ealeulated per hilogram of fat free body the potassium
concentrations were equal, but on a hire of water basis the
potassium was greater m the low protemn group Agam,
referriag tus on to fat free dry solds, the igh protein fed
aumals would seem to have the highest content For the
purposes of nutnitional evaluation, 1t 15 valid to caleulate
tonstituents as per umit of whole body nclusive of fat \When
tins 15 donc, an even greater nurber of permutations and
combunahions ean be found with regard to relatice contents
of all substances Untid more 15 known concerntng the distn
bution function and relationships of protemn and electrolvtes
1 tissues 1t would seem aduisable to emphasize only those
changes which are relatinely consistent
m:";;‘:u‘;:cg;s:g;:uta ;m- considered on this basis, the
1 the same desprte \nn);::“n‘ r;%}::rd o wafter, protain and ash
The shole bugy toae o on of the components of the mtake
Y be smaller or Jarger as hmited by the
':("“““\“\“Y of certamn cruend nutriments but its relative
“:;:\:: l‘ m::‘;":ﬁsl;‘r‘\cz\a“gﬂl Onls the relative size of the
— 6 50ft tissue seerns to be sigmificantly
v—
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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 protemn 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 functrons of such ems as the effects of vamable calone
intake, quality and quantity of protemn ntake and muneral
Tatios on the fat content of the body, the distribution of body
water and the telative size of body components such as
sheleton and muscle These problems have been most com

pletely explored 1n relation o evaluation of the problem of
protem adequacy (Mitchell, 1944, Allison, 1954, Calloway and
Spectar, 1958, Spector and Calloway, 1953) It 15 also httle
appreciated that systematse ex7ors petur n the ealeulation of
apparent retentions that are cumulative 1 a positive divec

tion, the magmitude of the cumulative error bemng mn direct
proportion. to the magmtude of the mtake This makes
difficuit the companson of retentions at varable intakes The
relevance of this enticism with regard to ealcium retentions
has been discussed by Mitchell and Curzon (1939) and by
Mitchell and co worhers {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 15 nearly constant regardless of any pro
("’I:‘durfs t;ﬂ.en to r_nod;fy weight gain (Moulton, 1923 Moulten
1
¢ v b ueied ot caletum (Laght et al., 1934)

The concept of vanable cellular composition of the body 15
diffieult to le wath the & fedge of the
of tissues Al of the andit idual tissues of the albino Tat have
been analysed for thewr water, protewn, fat and mmeral con
tent by many investigators ANl of these data, show o mono-
tonous constancy when enlewlated on a fat free basis This
oceurs despite almost tnfingf

te vanation m the rations fed
the ammals  Unlegs special experimentsl - to
upors
comp
ctal
Y

bt LUINpOSIlion 1s constant  Even
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with age the masimum change of water content 1s no more
than 1 per cent and of potassmm 5 per cent

Examination of whole body datn, with certan salient ex
ceptions, also shows rather remarkable constaney Fat 1s
probably the only component of the total body that can vary
within rather wide limts and still allow reasonable well beng
to euist  Varintion from 10 to 50 per cent ean occur without
apparent cvidence of malfunction The water content of the
fat frec body 15 more closely guarded Vartion of much
more than # 5 per cent from a rather ngid norm results m
rapid ncrements of physiologieal disabibty  Morcover,
allowable varation of body water 1s primanly extracellular,
cellular water content, within the hmits of viabilty, must be
confined to much smaller yvamations  Since protem 18 the
eritical paramcter agamnst which water content must be
judged, 1t follows that proten coneentration must also be
Inghly entical 1nd susceptible to only nunute vanation The
consideration applying to water must also hold for the chief
extracellular electrolytes, sodum and chlonde Defiest of
potassium i the whole bodv to the extent of approvmately
25 per cent does occur, and 1s replaced by vanable guns of
total bodv sodium (Schwartz Cohen and Vallace, 1953,
Cheek and West 1956) The studies of Sherman and Booher
(1931) show that the caleium content of the whole body 1s
sidely sanable n response to y amation n the dietary intahe
Defimtion of the optimal body cantent of this 1on 15 clusive

In the discusston so far the point of view has been taken that
in order to justify the terms stored protein or munceral, these
must eust as physically demonstrable entities comparable to
glycogen and fat m the body It would appenr that the
essenttal organie structure of the body cannot be affected m
quahty by adjustment of the diet  The earcful chemical
analyses by Luck (1936) of rat hhver protemns from ammals
mauntaned on varvung levels of protem intahe indicate that
all fractions of the liver proteins have participated equally
m amy “storage’ process Vadden and Wipple (1910) hase
defined the reserye store of protein as all of the protan
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which may be given up by an vrgan or tissue under unform
conditrons without nterferng with orgn or body funchcm
mg  Ths defimtion mdicates primary physiol signfic
ance not anatormeal In this view the primary Teguirement
for furthenny understending would be toethads for character
mng and distinguishing physiologieal depletion The response
to repletion has been used to assess the degres of depletion m
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 deficiency and Hansen (1926) to the
potassium deficst 1n kvashiorkor  The abibty to survive m
stressful sitwations provides o further avenue of approach
Baur snd Filer (1957) employmg the weanhng pig growmng
on diets similar 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
mdieate that ammals mantamed on low protemn mtakes
survie eatone deprivation to a greater degree than do those
mamtained on lugh protewn wtabes Conversely, the high
protein fod amimals withstand nater deprivation to a greater
degree than do therr low protein fed companions Sherman
(1916) has corvelited calowm antake with hfe span and
reproductine hfe A newly opened approach to the problem
:f charactenzing and assessing defiets m a physiologieal
|°“:° wthat "“ shingustung structural versus enzyme protein
P Lssues Potter and Klug (1947) have shown that liver

and ite onadases are d
- .

2 .

wiliser of other tissue enzymes

o Summary and Conclusions
i€ composition of growth of the alino rt on by
gh proten
tagh <lectrolyre, on Tugh protan low electrolyte, [:m 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
experunents far too late. If you had started at 21 “Adolph diys™
nstead of 21 “Wallace days”, you might possibly have got different
. s gk e A4 - Pe A W onea

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

Wallace How are they different? Arc they dilute?

Widdowson The proportion of cxtmacellular flund in the bodies and
muscles of all the rats deereases with developmient, and the meOﬂ'D"
of intracellular constituents, mitrogen and potassum, sises, but the
changes take place more quichly an the fast-growing animals, 50 that they
reach chemical maturity nt an carlier age . t

e row L . . [

) .

Ann_appl Biol, 13, 374, and 14, 171} He &id fantastic things hht‘
suchling mice »ith rat foster-mothers and getting them up withn 21
days to something hike 75 per cent of an adult mouse's weight 1 went
over this agamn, breaking the changes down wech by week (057, J.

. . ' ' P
1o body weight, so naturally the bigger rat ate more anu continutu i
grow faster.
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MeCance What wonld e the effect of thange s diet on electrolytes
the boxls » Our conclusion at the moment 15 that 1t has hitle effect on
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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 .

. . . . 1 . «

. .
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 thunk that the increase 1n bone which y ou suggested
I 1

took place 1s an n trak 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 o nutriment in the intahe the
greater will be the error when compared with intakes of lower coneen
tration but of equivalent ealoric value When subtrction s used to
calculate the balance these crrors accumulate ‘The errors in dong 8
balanee are not randomly plus or munus as is generally believed, but
systematieally positive  Much of the anthretical dificulty ariscs hecause
one must subtract two quite large numbers to obtain the usually very
small balance value At zero intake the balance miethod becomes more
accurate 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
doar e o T T e et ey Llaly diver



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

Natmax B Tasor and Ropert Ricnrs
Department of Pediatries Harvard Medical School and the Children 8 Vedical
Seruice Massachusetis General Hospatal Boston

As 15 well known, the body 1s equipped with homeostatic
systems designed to mamntain water and electrolyte content
and tion values at pt 1 lly optimal lesels
The systems accomplish thus tash largely by equating output
withinput  While rates of mnput canbe varied wdely without
overreaching the capacities of the homeostatic systems con
cerned nonetheless there are lumts beyond which one eannot
fo without getting into difficulty (Talbot, Crawford and
Butler 1933, Talbot et al, 1055) Thus for each substance
there 15 a physiological reg nt or floor, whichis
the feast intahe of the substance in question needed to balance
output and hience to pres ent defictts where conservation forces
are acting maimally  Thete 1s also for each substance a
physiological mazimum tolerance or ceiling which 15 defined as
the fargest amount of the substance that can be taken and
f‘hmlmlcd without seriously disturbing body composition
f};;lh.s falling between these two parameters may be sad to
o ““i;!m; the physiological or safe working range When the
fOrcnn nﬂ( nr::ls:)ratmn of 2 substance falls outside this range
o ::n .-nu,\, n‘s length of time, body compos:t\fn devates

t 10ns of disord
evelop as outhined 1n Table §

* Thia paper it hased ¢run
X hased oft wotk supported by
b e e S
R 1y nited Stat,
'Y B grant from the Commonwealth Fund of \?Wp\ugit Health Service
132
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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 principles have been used 1 estimating the upper
and lower hmits of body tolerance for water and certaw
deetroly tes for normal sndwiduals of vanous ages, depicted
wFig 2 The upper hmts shown n ths figure are of necessity
approvimate, beng based on the relats ely few data available
i the hterature and the Bles of our metabohie unit (Talbot
ctal, 1932, Talbot, Crawford and Butler, 1953, Talbot et al ,

s

T WAVES 1
HLEAD T
o~
f
.
g
LIV
HORRAL
R RANGE.
meeny UPPERLIT
« T7777%  PHYSIOLOGK RaNGE
3 URINE OUTPUY
[y p— 7
CITPUT e

Ty fmtgey

g Q 3 £ rd
9 DAYS
l\t‘fmdl um n & patient \ul‘l; ki\;‘k\rnd‘\.\dm (éulemnu- Jor
s,
ctal 1050) ¥ (From Talbot

:::;;mltlh(‘-). Talbot, Richee and Crawford, 1958) In all
nﬂmntdsi t ;f) are mtended to represent lexels wineh can be
u\\m-nusl“) ez;llh) ndividuals within a day or 5o and not the
romhlmmn-?c ;1 which ean be attaied after extensne prior
ey e lower hmits wnclude normal growth re-
et “nor ;n(nnls and children, o factor of relabively
e ef the first fow months of hfe It ean be seen that

¢ exceplion of vonng nfants, individuals normally
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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
Water intoxieation IIypolydration
M0 | Serum water >3 8ml jm osm * | Scrum water <3 4t fr-osm *
Na I'xtracellular oedema Lxtracellular dehydration
Nagf > 20°, Nag} > 12°%
Wenkness I'CG Weakness 1CG
K T waves t T waves
Serum Iv >0 5 m equir I Iy} >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 ntonication  Accordingly, it may be sud that this
individual s ceiing of tolerinee for potassium was about
70 m equis  perm 2 per 24 hours, a subnormally Jow svalue
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 same prineipies bawe been weed iz eshratiny the cpoer
amf over B of Bedy tolemance far water and eertam
ecte-lrtes £or popeal mdlvidmals of vafdous ages, depleted
= & TheuprerExits shova iz thls fre ave cf pevessity
spproxcmate. beme baosed on the relatively fo dats avuflable
2 the Diemptes and the £les of oo metabolie xn (Talkot
& ol 1332; Takot, Crxviord and Butler, 1353; Talhot ¢ el

};i?- anc:&T.\f:v't. Rebre and Crawford, 1953 In all
;::1_1@’ ;. h:r ::: tended to represent level, whick can b
w@-*‘k e1x._..—- wdvdels wtho 5 duy orso and pot the
eﬂ;&;?h««-m whoh e be attamed afer exterave prior
" :z:! Theth-r-:r Cmits melnde rormal pegwsdh T~
r—? .—x?;-::f*'r :::.x:zts .:de ckldren, & fictor 1:EE x—_';t;:els-
vy t:; u:ke&si:ermcn‘..‘s of Lfz, 1t can besepm thar
Trrte £ oof soummy mlnty wmedradmly mmﬂl‘;
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The manner m which o huut to homeostatic capacty ean
be recogmzed nnd defined 1s wiustrated in Fig 1 {Talbot el dl,
1856) Here 1t can be scen that this patient muntamed &
normal potissium status, as yudged from cleetrocardiogrphie
T waves end from scrum potassium concentration, and
remamed i potassium balance at rates of miahe up te
approvmately 70 mequiv per m ® per day  These rates of

Table £

IADICATIONS THAT INTAKE 18 FHYSIOLOCICALLY # \CPSSIL OR INSUSTICIENT
{ADYLT $ALLES)

:‘Z".ﬁe Too Much Too Lstlle

Water intouieation Hypohy dration
O | Gorum water &3 Bl Javo m * | Serumwater <3 4mb frvosm

Na Ixtraceliuiar oedema Lxtracel] slar dehydration

Nagt > 20% Nag ] > 12°,

Weakness J OG Weakness 106G
h T wares $ T waves |

Serum h >6 3 mequis /) B § > 200
i Serum I >0 g O Ostecmaslacia

.
Mg extta f1ilsr sodium R = tatrvert lar e tasatom
¢ L orrectal ! £y,

intahe could therefore be considered to be withm hus safe
worhing range 1y contrast Jugher rates of mtake led ton
sustmined positve balance and to the appe wranee of clevated
T wases and hyperhalwemss which are taken to be sgns of
potassium atonation  Aecondinghy at may he sad that this
mdisaduals cadng of tokrince for potassum was about
w0 mecquin per m 2 per 23 hours o subnormath low aatue i
comparisen with a normsd sOhme of at faast 250 m equun T
m * and n heepug with the fact that he was suffering from
marhed mmparment 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
OS5 OmEosats2e ¥y

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 1 S —
T3 PRYOuCE LOS €S I¥L ¢ BLIGATCRY UR NE

b1
CEPLET Ow

512 UT 16 v og e
B ATH WKS MCNTHS YEARS -—

¥io 3. Davs of deprvation {ordinate) needed to

produce the
peroentage decrease i bodv content padicet
fubstance 1 individuals of vanous ges foieoeel S8

ce
Turumum output rute
cated by the lower dagun o Le‘: of which some ate 1nds

e phvsiological toleran:
franges shown in F\g 2 -

Tate of loss was taken as the h
physiological minunum requyre
:r.x;!nt value indicated 1n Fig o Inb considenng bod(ir fat
uwcm:) stares, CneTgy expenditures were assuraed to be at
oy d?nc :{ 1,800 ealones per i 2 per day (Macy, 1942) and to
) v ;:sk\::)‘; from bo;h fat Body protein losses were

NG & t

Perm per amrnE. basam u:: e of Joss amounting to

Ve
value attameq by mdmaduals
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utilize but a 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 OF PHISINOGIC T ERANT
HINEL OF NORMAL DIETARY I9°ASRE
ok
wATER
Lwtire ol I
[

e esaeencsvn |

300um
mEqsm¥rpe woof i

o

s00]
POTASSIUN
wtezntiie poop o7
e
7
‘—W

PeosPHOAD:
wwotrnl2e (g0 !
T R
O O TR
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
for age.

may be visunbzed by considenmg the leapth of tune needed
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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5 5 per cent
g, 47 per eent (Wynn, 1956}, potasswum, +
?Dmchfr r? 1. 1938), total body sofum (euprotenaemmce
subjects), ++30 per cent (Leaf, persona) communieation) In
the cose of phosphorus the end pont chosen was elevation
) T
P

of exty phorus concentration 1o 32 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 (12 4mg )
SR GA NI MsL /M 24s St
19 FRODUCE.

tox 6 EFFLCTS  20) 7% WEREASE i BODY WAYER
NS/ e

Fe T A Ta W 14 s 40k KD
6 ATH WIS UONTN e rs
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
* This agemey
rsine Shnpheres s ooy By o o bkt storce of s
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recerving at least 75 grams of carbohydrate per m.? per doy
{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.

As indieated 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, infants will develop as serious a degree of water
depletion within one and & half days as adults do n the courst
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;rmnl'bmiy content values at ench age as follows total body

« The rute of Joas noubd be conaderbly greater ander comiitions uf 20
carbohydmie sstade (Gamble, 1040-7).
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~equiv. of sodium, 35 m equiv. of po!.ass\ufn,
2;’1(;{:;&\;{:.0 ozl?oride, 20 m-equiv. of lactate an(i 15 mlel?ut“:t
of phosphate (Talbot, Crawford and I.iutler, 19533 Tal <:: A
al,1955). The first set of subjects received their allotment hy
mouth in an essentially continuous (hourly dose) manner, the

RIS
#20 15 —REGIMEN —J
2 e
L/mtszas 10 4
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; PR b 3
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mEQ/mE/24% 200

ol 1 1Y II
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e
mEg m2 240 200 Z . }1
[ 3,3
(] 10 26
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Fia 6 Relations between rates of output observed for
SUBJECts o0 vAnMIG samean b L

. .

' .

* % e ivu Aeyat, Bastey and Yalhot, 1958

sccond set at twice the rate for 12 hours each day and the
third set at quadruple the rate for s1x hours out of every 24,
As indieated by the length of the vertical lines at the right of
Fig 6, those on the 2t-hour regimen utihized byt a small
fraction of ther Physiological ranges of excretory capacity in
sccomplishing metabole homeostasis, By eontrast, those on
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1s not yery great The curves indicate that one 1s apt to
become water and phosphorus intoxeated before one becomes
potassium or sodium intozteated It 15 mteresting that these
relations are m heeping with climcal obsers ations on patients
with marked limitation of renal function (Talbot et al , 1056)

One of the areas where the foregoing considerations appear
to hase practical 1mpheations 1s with respect to parenteral
flid mamtenance therapy Review of hospital practices

INTAKE AND OUTPUT

SUBJECT KW SUBECT ¥ SC JUBJTCT T
6000t
Hiu 4000 1 { z :
ecsmtr24° gooo M I
-
1

200,

" )
e e ey [, T
Q
200 1y 1
R S L W M_Zh.
°©

200

1
F——t—d— % %

T ME IN HOURS
Fic 5 Intake anloutput of water an i electroly tea by normal a 111t sul Jects
recenning o stan lard maintenance allotment of mltiple electrolyte U3
dextrose solutlon in -4 12 or 6 hours each day (I rom Neyzl Ilailey anl
Talbat 19.%)

reveals that some physicians give the total daly fud,
carbohy drate and clectrolyte allotment mn a slow continuous
manner while others admumster the total daily dose 1 n fow
hours, allowing the patient o fast and thirst for the remminder
of the 24 hour period  The data shonn i the nght hand sec
tions of Ty 5 (Neyzt, Batley and Talbot, 1058) indieate the
ranges of output ratc observed on two sets of three normal
adults mantamed for three days on an ordimary dose (1,200
ml perm ?perday)of solution contmning per hitse, 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 mnfants are approxi-

mately twice as great ss those to be expected for adulls

Whale the gaws wdscated for adults are borderline ss regards
- - s

wmad 0o

L
approxunate terms the lints of capacity of the body to adjust
agtput of water and certan other substances m accordance
with homeostatic needs, and to dlustrate the chmcal impliea-
tions of such hnowledge

These thoughts are presented 1 the hope that they may

ey Ave sugy g these ughly sigm-
ficant, yet xather efusive phenomena
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the 12 hour and espeeinlly those on the siv-hour regimens
used almost fully their normal adult ranges of renal excreton
adjustment in the course of each 21 hour period  When the
homeostatie adjustments 1 water and electroly te exerction
exhibited by these adult subjects are viewed with relation to
the infant ranges of homeostatic adjustment mdicated by the
shaded zones of the left-hand sections of I'g 5, 1t can be seen

o Hp0
% INCREASE -
n 1]
BODY CONTENT HE R 5wk Infont
i f T'{Pounual
s~ Ld Na [
[ i Pl adult
I ] |
1 T1Potential

. i

Adult
o Observed
TF1e 7 DPereentage increases jn body water sodwm and potssuum mmrni

that they arc considerably greater than those of which such
young mdividuals are capable

Fig. 7 depicts the pereentage increases m body water,
sodium and potassium content which would occur during the
course of the infusion penod 1f o dny’s total mantenance
allotment of 1,500 m! pcr m 2 per 24 hours * were adminis
tered 1n sty hours to a patient who was unable to mcrease
rates of unnary output above the physiologically low les cls
charactenstic of fasting and thirsting, a aituation which one

® Tlus is an ordinary allotment for Infants and chil Iren on our Seniee,
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parenterally. It 1s said that one of the safeguards mn oral ingestion of
watet 15 the faet that elsmmation goes on about as fast as absorption

Talbot As far as water, sodium and potassium are concerned, 1t 15 51X
one #ay and half a dozen the other whether they arc tahen by vem or by

=1 vhuie ol UL IORIANON Onlyaf sty aman 4 = 37

eloc . .

Y
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DISCUSSION

Blach There scems to be some confliet between Dr Talbot, who savs
that Jarge intakes should produce retention and Prof Wallace who tells
us that large intakes produce large anthmetical errors  In this matter I
am on Dr Talbot's side, and that 1s not entirely the emotional reaction
of someone who has donc a certatn amount of balance experments 1
tlunk we have some supporting esidence in that if balanee expeniments
are done on an adult person who has just had an operation and fsona
rmlk intake (sin wlhich the errors of measurement should be much the
same ns those of excreta), there is quite n definite corrclation between
intake and retention (Davies, JI L I, Jepson, It P and Thack
D A K (1050) Cln Sa, 15, 61)

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

Talbot The rate of intahe 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 eachstep measurementsare
made to find out whether the body content and/or concentration of the
substance 1s being hept within physiol Ihimuts by appropnate adjust
ments of the rate of output  As rate of input is increased it eventually
renches o point where the body is unablc to heep its content and concen
tratton values within normal Limits by suitable adjustment of rate of out
put This point 13 considered to be the upper hmit of physiological
tolernnce or phy siologienl eeiling for the substance in question  Rates of
mput in excess of this ceiling level produce a tendency to abnorm!
retention Ior example in the ease of potassium when the rate of input
exeeeds the phy siologieal cetling value body potassium content Inereascs
abos e normals ey els and by perhalacmia develops togetherw ith signs of
potassium intoxication

McCance Iwould like n firm definition of what you mean 1y tolernnee
and capnoity to eliminate  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 appearcd to tolerate them perfeetly well there
were finite changes in b responses  sensitivities ete (d‘c’\\‘nnkn"
e - . - wan n

nltasntalar ore

. ng

.
solute ratio of their urine abase a few ml per meosm and Whuse pid «
C PO B O Y

« ' L

s me
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aneat Le On the other hand, 1t was thought thata
* 2ev0 nOtassiam 10take h hand, 1t was thought B0, &
to

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
d t At

pr and p 11y subject to an
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 gradually Incrensing quantities of' potassium in
therr diet nte and absorbed the xelatiy eIy very Inge quantities needed to
produce o fethal degree of potassiim intovieation. They didnot develop
Ruwrrhoca, nor did they vomit, they qust beeame weak and dieds ke
wise, we hase seen 8 patient with marhed himitation tolerance for
potassium due to advanced pan nephnitis beeome fatally toviented
with potassium asd vesult of dnnkang frnt puees

Adolph The study of tolerances is o VeTv wportant nspect of the
general phy swology of regulatory processes B Talbot, you estumated
tolernnces 1 terms of single constituents, but in somc of the situations
you described, such as the mtrarcnous admmnistrations you were con
cerned with seteral constatucats ot a trme  Now when there is depletion
or excess of more than one constituent ot a tame the pteture fevery ufler-
ent with respect to telernnee 1 or instance there s & grent differenee
between tahing pure sait and taking an ssetonie solutiont ofsalt Ireeops
nize that this work 13 exploratory and that you arce makang your €3t
mates in the ssmplest way possible when you consider ont component 8
a time but eventually 1 hope we shall have gome estamates of tolesance
to multiple eomponents

‘Phis consideralion of components seems to me to extend alse o nout
studies of compositon Prof Wallace Ifyou wintto Aour statisticany
«ull more often, would \ou nat get into the sty of multipie correlations
wiich would get us further than comparsons made tho at B time?

Wallace Ve tae made s number of statinical msttipte coprelitions
1yis often difficult to hnow Just what they mean onve certan correlationt
become evident  Qur tnggest problent has been to have o pssurance 8
to the proper parmeter 0 which to refer growth whothl the referenct
basis be body weight, fut froe weight proten ash or water”

Adolph Wit 1 want to bring out v that an erraniss probably I
Soiie Wiy of Ipensunag the bodily composition awhieh s aery gl mote
compliented than s 0L for mstance that magpewis ¥ e fixed con
stiturnt around which all athers revolve §thank that without 8 study ©
it iple corzelations we st never be able to find whether there i 8 key
fiusty by » fuch homeostass s munied to o Jefintte volume saned coneetase
tion ta which the orgamsm alwnis retirns 1 d» pot know whethet
amy of our methoda of reprist atmg homeostass will beao wnmbar to that
of the orzanism that we ean preslict what 38 Qoe s i e t hach tots fixaty

1 shoukd also ke to remurh on Dr fnthots ¢ hosee of o hey Aprbie
o doubt he b great reservatsns abotit the wee of thas T ns Whatliris
trang to do 1 gather 19 to ot guess the o 8y fo what st ustng
n3 8 preasunng atick try it sl ectum 0 11+ ang sl eumpostu ot
by wlhichat » W1 eatyante what fins to be done 3t onder to defe ad 1tartl
aganst disturhances W hest ne tunk it an argane ¥ reataning A
potasdium concentration have we am ansupnaee that thit ohe fostonm
tion fs  prme ohjective e dpiatmonts W turh are g g an®

Talbot e pgree awsth vou thot et 1f not aff of the v
considertion are related to each othes 1 op matanee 1110 wnown that
texh tolernnee for potasstun i mpaired unider consbitions of prro sehun
intake and that toteranee for wonctiuns 38 phnarmsiiy nnsted under ounidi
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{4) Partly due to the interrelationshups (2} and (3} hudney
functron 1s Teadily rmpaired by stress

Thus the hugh madence of body flwd disturbances 1s
partly due to the occurrence of disease and partly to relatively

(icrent | tic defence mech The latter s well
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sllustrated by the observation that diets such as mlk evapor
ated to one-quarter of ats ongmal solume, or salt and protein
free food bring about great changes mn the tomeity of the
body fuds (Csapb and Kerpel Fromws, 1933, Kerpel

Fi ;omus. 1933)  After the first, the osmolanty of the blood

E cacsomuitl?l (;up({'u-s zlasc o 520 m-osm [1, 457 m-osm bemg
ed for ¢ »

the dectrcy my hyperelectrolytacmia® , after the second,

decreased to 233 m osm fl (Fig 1) There



CLINICAL CONSEQUENCES O THE WATLR
AND ELECTROLYTL METABOLISM
PLGULIAR TO INFANGY

E Krneoo-Tnonius®
Depart; of Pacd , Uy ty of Pécs, Hungary

Disturpances m the volume and composthon of the body
flwds occur more frequently m infancy than at other ages
Among the reasons for this are

1) The lugh wmadence of diarrhaea, malnutrition, snd
certain congemtal defects

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

Owing to ther lugh calotie and proten requirements
mfants easily succumb to malnutrition, which progresses
rapdly The resulting expansion of the volume of theiwr extra
cellular body flwds, semetimes sccompanied by asympto
matic hyponatraemia, 1s 8 common disturbance of homeostas:s
n some countries

Congemtal defects of the ocsophagus, the pylorus, the
rennl tubules, the adrenals, and the central nervous system
may also cause sertous disturbances m the body fluds, theie
discusston 15 beyond the seope of this paper

(2) Circulation, metabohsm and renal exerchon are all
mamtamed at hugh levels relative to the volume of the body
flmds
(8) When growth s arrcsted by disturbances which
dmmmsh the utihzation of food, a fraction of the ntahe
normally retained 1s rejected, thus rarsmng the solute load on
the kidneys

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

Dr Wimfred Young
158
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(4) Partly due to the \ntesrelationships (2) and (8) kidney
function 1s readily umpatred by stress

Thus the hugh wmodence of body flud disturbances 1\5
partly due to the occurrence of disease and partly torelatively

Thcient h tatic defence mech The latter 15 well

mosmf|
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300

Fie 1 Lability of osmotie regulation 1n
10-day-old puppres

Leht column salt and proten
Tree duet
Central colutnn normal
Tught column  concentrated mik
lustrated by the observation that diets such as milk evapor-
ated to one quarter of its orrginal volume, or salt- and protemn-
free food, bring about great changes in the tonteity of the
\;ﬂy fluids (Csapé and Kerpel Fronms, 1933, Kerpel
ronus, 1033} After the first, the osmolanty of the blood
Pasma n [;up[ly)ws rose to 526 wm osm /1, 457 m-osm bemg
or by “hyperel, lytaema”, after the second
the clectralytes deereased to 232 m osm f (Fig 1) Thm",
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was a water loss of over 20 per cent of body weight in the
first case, while 1n 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 fluds occupy a relatively igh percentage

%
o0 O wmakoumsnsn
W MALORISHEDs DERYDRATED

480
460

4%

LU S U TTITY PL/y  PLABS HAtMA. QRCUL AN
OFWHGKT  ABS TORT TME  CLEARANCE

116 2 1 xtracellular fluds circulition and PAII clearsnce
1n the dehydration of & malnourished infant
Values are represented ns percentages of those found n

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

of the body weight, the water reserves 1n infants are low m
relation to the functions they may be called upon to perform

In order to rcconesle this apparent contradiction, it 18
helpful to consider the relationship of body fluid reserves to
erculation and kidney function i malnqurished infants
Malnutnition does not affect all systems of the body equally,
fat and muscle sustammng greater losses than the extracellular
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flud compartment  Hence the size of the Iatter appeass to
merease with the progress of maluutsiion (Kerpel an'ms
and Kovach, 1948, McCance, 1951, Keys ¢t al, 1950)
Taemodynameally, however, 1t 15 not the amount rel"‘\t:\e
fo body weight but the absolut ount of extr
flmd which 15 of maportance  Fig 2 Wustrates 2 stoking
examyle of a ease studied 1 comparison wwith well noursshed
fants of the same length, first 1n a state of malnutrition and
Jater after dehydration due to diarrhoea had supervened
In the malnounshed mfant the volume of the extraesliclar
flud shaved 8 percentage Increase before and even after
dinrrhoea  However, the © absolute amounts”, 1e the flud
volumes caleulated s percentages of those mn normally
nounshed wfants of the same length, were decreased  Sinee
the haematoent readings were gh the ereulation time
prolonged, and the renal elearances low, gh water reserves
caleulated as a percentage of the body weight were clearly
i t0 1 and ladney function  ‘The

absolute s olume of the water reseri es andnot yust the amounts
praportionaf to the body weight must be maintaned 1 order
% conserse a normal circulation and good renal function

Let us now consder the nomeal mfamt When compared
Wt the adudt, lus extracellular water reserves— although hugh
in terms of percentage of body weight—are strikingly low 1
zelation to other physiological needs, namely oxygen econ
Sumption nsensible persprration and carthae output {Fig 3)

Thus when compared on the basis of bady surface, the \nfant
appears to have the same oxygen consumption and cardiac
owtput as the adult, but lus systolie output (stroke volume)
""‘“‘ phsma tolumes are only half those of the adult, W
;r( er ‘h) achiere the requisice cardiae output with a relatively
oW plasina s olume, the prudse rate 1s double that of the adult
s 1bin o0 p ominchsppurie acid (PAH) el
ue aw 1n comparisan. with,
telaton 1o s oun cardiac
fwd compartents are stey
bolism, wnsensible perspira,

salves
these of the adult and also

output and metabohsm Al his

hingly Jow in progortion to meta
1on and cardiac ontput
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Alternatively, on the basis of body werght, the nfant's
metabolism, dermal loss of water and eardiac output appear
to be very ugh n relation to lus total body water and plasma
volume, which oceupy approximately the same space asin the

adult

1007
80 Perunt
b of weight
40
20
o
Surface/kg
100 adult
80 peruntof
50 bady surface
40 [~
20
]

0, €O P SV In PAH Pl Hy0  Perspir
tot ec.

Fic 3 ITaemodynamics flud spaces and renal function of the infant as
percentages of values for the adult

T 74« —encant menn valies for five infants aged 4 months with body
asof 0 50 m? The

o
umt of body welght
. 2N s

CO — cardiac output P -— pulse rate, SV -— aystohe volume,
In ~—mulin Pl — plagma ec — extraccllular

adult This relationship holds true also for the extracellular
flwd + olume, although this 1s higher than in the adult Renal
clearances are proportional to flud volumes and therefore
Jow 1n relation to circulatory and metabolic rates
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Despite the marked differences between adults and infants
1 some of the physiological constants which have been men
tioned these functions are certamly nucely adjusted to each
other even mn the mfant, and s defence mechanisms sre
fully capable of meeting the normal demands upen them
Vhen put under stress howeser, the fragility of the whole
system which body fluid } 1s exposed

Water loss A-s\f173me

Total bod Loss in ¥
Litres Water 1 /ur)m cf:ot:l'blédv
water
40
35
30
%o
% L35
2
0 20
\
5 s
0
Lo
5
Fs

. Infant Adult Infant’ Adalt
16 4 Signfleonce of  equal® tosses wh
Perunt of body sartace - Tl

Under pathologmeal condition:
s the consequences
peculiar mterrelationship of these functions x;lre as foll‘:)fw:he

ual )
:\1(5:\\ losses per um; g twice as high i the
n proportion to the body water )

(Fig 1)
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Alternatively, on the basis of body weight, the nfant's
metabolism, dermal Ioss of water and eardiae output appear
to be very lngh 1n relation to hus total body water and plasma
volume, which occupy approximately the same space as 1n the

adult

1007 —adult___
80, Porunt
60 of weight
40
0
o
Surface/kg
100%, adult
80 peruntol
60 body surface
4wl I~
20
o

0 €0 P SV In PAH PL H,0  Perapir
tot ec.

Tia 3 Haemodynamics flmd spaces and renal function of the infant as
percentages of values for the adult

- s ~r nt mann val e for five Infants aged 4 months, with bedy
m* The

1y weight,
nt, shows
sercentage
dillereneey peLweti Bu w x
€O — cardisc output P — pulse rate, SV — systolic volume,
In —nulin, P1 — plasma, e ¢ ~— extracellular

adult This relationship holds true also for the extracellular
flud volume, although tlus 1s higher than in the adult Renn)
clearances are proportional to flud volumes and therefore
low 1n relation to circulatory and metabole rates
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may be threatened exther by high unine yolumes or, 1 the
case of zenal madequacy, by uraemia

In suromary, the mechanisms defending body flmd equili-
brum i the mfant are more easily brohen down owing to the
water reserves bemng low i relation to the hugh metabohe
tate and “stramed ” circulation  In exrcumstances of shortage
this small water pool 18 quickly exhausted, and it 15 also
easdy flooded by loads which, m terms of body surface, are
equal to those for adults By decreasing the small plasma pool
rapidly, water losses lead to slowng down of circulation
Owing to the rapidly decreasmg renal clearances, as well as
the high metabohe rate producing solutes at great speed, the
relatrvely small water pool cannot then keep up its constancy.
Deterioration 1s aceelerated by arrested growth.

In conclusion & partieular type of dehydration i which the
wnfant seems o be in a somewhat less dificult posiion than
the adult may be mentioned In mnfantile pylone stenosis, a
condiion 1n which statvation and dehydration develop
together, a sharp decrease of about 50 per cent m oxy-
gen consumption has been observed by Varga (1057). We
have found thst thrs dminution m o<ygen requirerments
protects apamst stagnating anoxia brought about by the
s:l‘uwmg dmf'n of cyculation due to debydration (Kerpel
P T ) . st probably

‘. - thus delay

- amennvie wte e metabobe rate de
creases 1es3 a0 the semt starved adult (Keys et al, 1950), the
infant My possibly be more resistant to dehydration when

he 1 already suffening from starvation than an adult under
similar eircumstances

REFERENCES
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(b) Water deprivation quickly exhausts the water reserves
which are low 1n relation to metabohsm and, consequently, to
obligatory urme volume and dermal loss of water

(¢) Because of the lugh 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 igh
pulse rate to ensure adequate circulation

(d) The vulnerability of the airculation facilitates & rapid
decrense 1n renal clearances, wlich even i the healthy mnfant
arc low n relation to lus lngh metabolic rate  Obviously, the
mfant’s rether poor renal blaod flow 1s adjusted ta, and only
mamtamed by o relatively high cardiae 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 McCance and Widdowson (1957) stagna
tion of growth plays a réle in the casily disturbed equilibrium
In a growing ammal o certain amount of the food goes to the
bulding of 1ts tissues  If growth 1s arrested, an additional
solute lond formed by this fraction of the intake presents
itself for excretion by the hidneys This wll result exther m a
higher urine volume, or, if the hidneys are icompetent,
hyperelectrolytaemin and azotaerma McCance and Widdow
son (1957) have shown that these effects are strhang in fast
growing animals and may under certain crrcumstances be of
importance to the human infant  On the basis of some of the
data compiled by the Amenean Academy of Pediatrics (1957)
an estimate has been made of the effect of arrested growth on
solute load and renal water expenditure  Solute load may be
expected to rise 18 per cent in the infant who 1s fed on cow s
yailk, and 57 per cent m the breastfed cluld cnusing a con
siderable ancrease in urme volume Vihen at the same tune
extrarenal water expenditure 15 ncreased by igh environ
mental temperature, or diarrhoeal losscs, the water balance
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DISCUSSION

Davson Ilas the subject of size per se been considered as opposed to
immaturity? The pulse rate of the baby was mentioned as being faster
than that of the adult and the reasons for it were based on the im
maturity of the orgamsm, whereas one finds that small adult ammals
have very fast pulse rates  The rabbut pulse, for instance, 1s well into the
hundreds and the mouse pulse 18 ¢ven faster

Young Idonot think it has been suggested that the pulse rate s high
because of immaturity 1t 15 high because of the lngh metabolic rate in
relation to the other constants, and 1n order to heep up the cardiacoutput

Adolph The effect of body size on functions such as pulse rate and
resptration rate varies consxdembly_ 1n any one spectes Amojng various

that none of the body size rules apply uncomplicatedly during nlaney
There ate other fictors, and perhaps the factor of metabolic peculiarities
18 one of them
McCance Would any onc'\uth paedintnie cxpertence lihe to comment
() . St el e

N £ the meta
to occurn

i+ Varga has

1nt 41 ameta

. ned on
. . . -1 ratie

wv .
tory level
‘MYZ?;: When this infant became dehydrated he still had a relatively

tugh volume of extracellular fluid as a percentage of body weight, but



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
Drpartment of Onlogenetic Physiology Institule of Phynology Caechoslovak

Academy of Seiences Prague_and Institute of Embryology of the
Medical Faculty of Charles Umvernty Prague

HoMEosTATIC mechamsms m infant ammals differ from
those1n adults of the same species 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 very Jow
environmental temperatures without the mother only at the
end of the fourth weel (ﬁapek et al, 19a6)

Up to the 14th or 18th day infant rats e on breast mik
only  This 15 the only source of water and electrolytes, if we
':)"f:‘s’mi the unne of hitter mates that 1s sometimes sucked
n?]dmco:\nfll;ﬂt:::;\t“ Feom that time onward infant rats m

k also nctrvely feed on sobd food and
183
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nearer 1ts adult composition 1n foetal Iife than the sheletal muscle 1
think a great den! of this change 1s 1n the sheletal muscle and not n
connective tissue,
Tourman « Then 15 there o difference i the mode of growth of sheletal
musc]:: on the onc hand, 'and Iner and heart on the other? Does skeletal
PR kY R T

i - » . LYR IR DA

. Pourmg!l . Ifthe e:_(trace]lu.]nr fluid 15 considered as a film o3 er the eclls,
- ¢ Clularflnd

. . test that,
because cell size data based on nucleic acid determnations are uvmlab]e'
for many dilferent ages in & number of species, and equally, extracellular
ﬂu'lg determimations are avalable in the same tissues,

H ™ oa T v - - . 8L o e el o thoaca wawmit

ment
Tourman Dr Shock, is the water content m the muscle larger in old
people than in the young ones, since muscles do atrophy m old age? We
have had that answered indirectly in Dr Olesen's paper, but are there
any direct analyses?

Shoch T eannot answer for the human, but we have some data on the
clectrolyte and water composition of rat muscle tissue We found that
PO ' v . E

2 Anne ot phange
. . . . a P
Lo . .

hosphorus, and mitrogen contents all went

The
down, but the chlonde and sodium contents went up. The ratio of
to and of h 0 nitrogen d tant

)5 P

Qur interpretation of this was in the light of our l,fellefs about the reduc-
tion 1n active protoplasm m old age It 1s rs if a certain mass of profo-
plasm had disar d and been replaced by extracellul: pound:
with the appropriate amount of sodium and chloride to make up the
total water composition,

Fourman As I said, it is not a replacement, but—to borrow Dr.
Davson's cxpression—a geometnical necessity to keep a film of water
around the cclls.

y was due

Kennedy - But you would need to know whether !Pe ntmpl’x as du
- . P At nnh it
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of the kidneys to ehmunate an admmistered water load
changes and 1ts ability to concentrate xmcreases Aceording
to Felh (1935), however, wfant rats older than three days
already react to vasopressm by cessation of diuresis and an
increased excretion of chlonde As both authors use different
methods 1t seerned useful to study thus problem first, vaing
several methods, and also to study the effect of vasopressin
on the elimmation of sodium and potasstum  Opsmuons on the
natnuretic effect of vasopressin also differ and we believe
that this 15 due to daff hodolomeal approach

Schaumann (1949) and Heller and Stephenson (1930) obsery ed
that vasopressin decreases the excrenion of sodium m adult
rats, while Sawyer (1952) observed an increased elmination
of this electrolyte  The former authors admitstered the
hormone ot the same time as the water load Sawyer first
shghtly prehydrated his arumals and then gate them the
hormone and the water oad  According to Heller (1952) the
ability of the rat hidney to eliminate a water lond changes at

the time of wearing e therefore always used rats with a
water fond

Infant rats were weaned on the 15th 16th day after burth
and the whole litter left in one eage They recerved o standard
synthetic diet without sodium chlonde They were allowed
10 choose between water and a 3 per cent sodum chlonde
salutton As we expeeted changes in the mechamsms studied
to occur at the end of the fourth weck, mfant smmals aged
23 and 38 days were used  Loads of warm distilled water
were ad ia a h tube i of 45
ml 100 ¢ body weight Subeutaneously the animals recers ed
saline (0 5 mi /100 g body weight} m which the substances
studied were dissolved The ehmnation of & water load was

studied for three hours after sts admimstration or, m the
case of snsopressin,

for three hours from the first muctuntion

Unne was callected at hourly ntervals The amount of unne,

together with the concentration of sodium and y
was determined by use of a flame photometer,

Adult mis rapidly excrete urme with a low content of

potassium,
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drmk water Gradually the mechamsms for compeusation of
thirst and hunger scparnte At the end of the fourth wech
snfant ammals cease to feed on breast milk and take in food
that 1s normal for adult ansmals

We stuched the active ntake of water, electroly te solutions
and midh m mfant rats using the method of free chotee as
Lnown cspeenally from the work of Riehter (193G), Young
(1919), and Young and Chaphn (1919) We observed that m
nfan€ rats weaned at the beginming of the tlird week of
postnatal Iife there 1s o sigmfieant change m the reguhbion
of water, clectrolyte and milk mtake at the end of the fourth
weeh  The regulation of sodium mtake n relation to water
sntake, espeenlly, chianges  According to Richter {1936)
appetite for individual components of the drct 15 an mportant
homeostatic mechanism and 1s determined bv the needs of the
organism

In order to be able to offer s phystological explination for
changes in the regulation of sodium mtahe it 1s necessary to
throw light on the relation between mechamsms of self
sclection and other components of water nnd cleetrolyte
metabolism that ean be studied better and more objeetuely

The adrenals and the posterior lobe of the pitmtary are of
speainl signifieance for the regulntion of water and electrolyte
metabolism  Tor this reason we have studied the effects of
hormones from these two glands  Up to the present nothing
1s hnown of & change wn function of the adrenals or 1n the
effect of therr hormones at the end of the fourth week of hfe
m the rat  Indircetly one msght expect such a change from
the fact that the regulation of sodium mtahe depends on the
function of the adrenals (Richter, 1086) There 15 also no &if
ference 1n the size of the glands in males or m females dunng
the fourth wech

More 1s hnown about changes in the role plyed by the
postertor lobe of the pifurtary during this period  Meller
(1952) showed that up to the cnd of the fourth wech of hife the
rat lidney does not react to vasopressin dunng s water Jond
1 the same way as that of the adult In addition the ability
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Older amumals, however, excrete nearly half the waler ad

mumstered and thus excrete body water via the ladneys
Thffesences 10 sodium exeretion are also apparent Thirty

three day-old smmals excrete three times as much body
sosum s younger 7ats  The difference between both age
groups studied disapp pletely, or much
smaller, 1f 2 5 ml watex/100 g body weight 15 put mto their
stomaehs tno and o half hours before the actual water load

Tn that case more unne 1s excreted by the younger animals
and losses are reduced 1n the older age group Sodium losses
ate also decreased 1n the older age group to the same lesel as
m 23 day-old snimals  No i hanges 10 P

excretion were Obsﬁf\ Cd

Differences hetween the two age groups are thus not con
stant For this reason we assume that the difference 1s not

due only to changes 1n rensl function but that regulatory
Menkan s wa 3 .

on -

the water load was studied according to the method of Falk
{1333} In addition the effect on total water Joss three hours
after the first mictuntion was studied This procedure was
simufar to that of Heller (1952} who determimned total rena)
exeretion of a water load 145 minutes after admimstration of
the hormone and the water load

After 10 or 25 mu vasopressm/100 g body werght, no
simifieint differences between the two age groups could be
observed dunng water duurests This 15 10 agreement with
Falk (1955) Yet £3-day-old ammals react differently to
vasopresan than 33-day-old s This &ifference can be
seen in Table T After a single water load vasopressin (the
table shows the zesults with 25 m u [100 g body weight)
inerenses renal water losses in the younger animals, whdae mn
the older group total renal water losses are reduced The
sodium loss 1n older animals treated with vasopressin becomes
E:'m!cr after prehydration onl)p In younger nmimals the

of p 15 ly greater than in the
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sodium and potassium after administration of a water load
Males excrete a water Joad less well than females

In our experiments the excrction of a water load was the
same m infant rats as in the experments of Heller (1952)

Without prehydration With prehydration
71/100
20 &
Renal
water 10
- ELE
00 g
[1Eq/100 g
430
Renal L
sodium 300
L o L
(REQ/100 g s
Fs0 L [P o
TRenal L300 L n” dayo
Eetaul\m
038 l250 N
a

Tm? Mavan tlana ol fuae 1~ 4 .

There are no sex differences There are, however, consider
able differences between infant anmmals aged 23 and 83 days
These can be seen n Fig 1, T\\cnty-tlu'cc day old ammnls
do not cuminate the total water load within three hours
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Older ammals however, excrete neasly holl the water ad
mimstered and thus excrete body water via the hidneys
Differences 1n sodum excretion are aiso apparent  Thasty
three day old anunals excrete three times as much body
sodium as younger xats The dillerence between both age
gronps studied  disapp pletely, or E much
smaller, 1f 2 5 ml water[100 g body weight s put mto ther
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 1n the older age group to the same level as
m 23.day-old ammals  No sigmfi hanges 1 1
excretion were obsers ed

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 1n renal function but that regulatory
mechanisms are also concerned

The effect of vasopressin was studied 1n ammals recewing
one water load and n prehydrated rats The el 100 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 mmctuntion was studied This procedure was
sinilar to that of Heller (1952) who deterrned total renal
excretion of a water load 145 minutes after admimstration of
the hiormone and the water load
. ;\}f’t;:; nltodoé‘ 25 m ubevasopressm[loo g body weight, no
P “;l erences between the two age groups could he

ng water drrests This 1s 1 agreement with

Falk {1955) Yet 23-day-ol
23-day-old anunals react different)
vasopressin than 83 day old rats o o e

This difference can be
seen in Table 1 After a single water Joad vasopressin {the
table shows the results with 25 m u {100 g body weight)
\:l\‘crew:s renal water losses m the younger ammals, while m
g ogxs‘l‘tz:r group total renal water losses are reduced The
Pt :’: w older animals treated with vasopressin becomes
gt er prehydration only In younger ammals the

mation of potassum 15 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
(3 5 w100 g bay wt ) to young rats aged

change 1 the react:
P ity of the hidaeys to this horm
pened  This mmght be due to functional dx{rere:cz: }1‘:1
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hidney parenchyma or to the fact that from the end of the
fourth weeh a regulatory factor 1s present which can be
influenced by loading the orgamism with water It therefore
seemed nll the more interesting to us to find out whether the
function of the adrenals changes at the time of weanmng
After ndrenalectomy the ability to elimmate & water Joad 1s
strongly reduced in mfant rats It 1s difficult therefore to use
this method for solving the problem A less dwect way was
chosen — a study of the effect of substances that act m a
similar way to the mam corticoids Cortisone or cortexone
was admtnistered for srx days in various doses to 18-23 and
28-88 day old ammals Then a water load was gven It
nppeared that the effect of these substances also depends on
the age of the rats
The effect of cortisone 1s shown 1n Fig 2 The ehmnation
of a water load, sodium and potasstum was determmed 1n rats
that received 0 125, 0 25 or 0 5 mg cortisone/100 g body
weight The hormone has opposite effects m the younger
and in the older age groups  In 23 day old ammals it mereases
the excretion of water (ns 1t does m the 8 day old rats of
Talk, 1955) snd sodium, wiile mn the 83 day old rats it
decrenses both  After a dose of 0 25 mg /100 g body weight,
renal water and sodium losses in the younger animals reach
oMoy v s ave oMer control ammals It
) of cortisone compensates for
' r ammals but present m the
older rats This, however, 1s not borne out by the way m
which a water load 1s chiminated by the younger rats after
cortisone  Tig 8 shows changes in the concentration of
sodium n the urine during the course of water diuresis
normal animals and after cortisone (0 25 mg /100 g ) In the
control 83 day old amimals the concentration rises as the n
tensity of water diaresis falls  In the younger group therc s no
such relationship and the concentration 1s not lowest during
the Jughest dwresis  If cortisone were only a substituting
substance the course of the curves of sodium concentration
ought to be the same mn 23 day old rats receiving cortisonc
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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

<in T T I/ a
—~—— water qontrols
100 ~— water cortisens 100
~=+ so0dium controla
sodiuvm cortiscme
23 days
- 1
1
t
!
i
33 gays }
i
50 |
Bours
Fia 8 The effeet of corm
s 130n¢ {0 25 mg /100 g bod;
i XS0 of & wter oad sk the onedimnal ) 5 the
rine in anfant rats aged 23 and 83 days
diress, r
s relations are gyyd,
bome ! by o ently more complex This 15 alsg
group el act that the effect of cortisone m the you
anably dependent on the dose used younger
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This is even morc evident in the case of cortexone, This
was administered by the same route as the former substance

23 days 33 dara
[m1/7200 ¢
F2+0
Renal
water F1-0
losa
Loe0
_
#5200 g
450
304
Renal 300
sodium L150

loss
F 0

[XEQ/100 g

450

Repal 700

potassium |-

loss 0

L o [:::]liilziza [:::Llil::::

[T oontrols PO cortexone 0,3 B2 ocortexonms 1.0

L B L T T T SR T

but in doses of 01 and 1 mg./100 g, body weight. Results are
shown in Fig. 4. Lower doses of cortexone had an effect
similar to cortisone, quantitatively dhfferent i younger and






Cortisone

Cortisone
+ ACTH

Fic 5 The effect of cortisote (0 2 n. 160 g toly wi /day) ant

ACTH (0 . iu/ammalday) al ainstere! £ v un Inve on the sive of

the a lrenil cortex 1n voung rits aged _3 anl 13 davs  Staned vath
Sihn Black

Jacing paze 1 3
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chder ammsls  In younger ammals 1t mereased tenal losses,
whith thus neatly Teached the levels of the older controls
1033 day ol anumals water Josses Jdecreased after cortexane
The hugher dose, however, had no effect on renl losses of
water 1n 23 day o1d ammals, whereas n 33 duy ofd Tats it
further decreased renal losses 'These doses, howeslr, are
probably towie Sodmm losses were never significantly
altered by erther dose of cortexone in the younger group In
33 day ald ammals they changed 1 direct proportion ta the
dosc used T both age groups cortexone decreases renal
potassium Josses sigmficantly

Thus ds have & dufferent effect on the o
of water and electrolytes after s water Joad n mfant rats that
have not yet reached the age at which they are normally
weaned, than they have 1 older ammals  The opposite effeets
n 23 day o3 noumals, depending on the dose used, tadieate

that these fiormones cause changes that mutuatly mnterfere
with each other

We attempted to deterrune whether 1n addion to the
pharmecodyname effect of these hormones thete 15 also an
effect on the regulation of adrenal activity

The werght of the adsenals of animals receiving cortisone ar
cortexone, 38 mdicated above, dropped to about the same
extent W both 23 and 33 day old ammals  Sumultancous
admmsstration of ACTH i amounts usually sufficent to
wamtain adrenal weights of hypophysectomized ammals
0210 per ammal} prevents sdrenat atrophy wm both
groups ‘This reaction 15 legs obvious on tustologieal studses
Fig 5 shows microphotographs of the adrennl cattices of 23
grd 2R dav At

[

« LauuAving rreparations
were stamned with Sudan Riach so that both the wldx;h of the
layers can be seen  After ACTH
ges m the width of the cortex any
((\\ETsI\;d;t;;\M layer After cortisone and cortisone pluds
terences are evident This 1 even THOTE apparent,



Cortisone

Cortisone
+ ACTH

Tic 5 'The effect of cortisone (D 23 mg MO g body wt dn) anl

ACTH (0 2 ru /anumil day) admimstered for six dws on the size of

the adrenal cortex i voung rits aged 23 and 33 dws  Stamed wilh
Sudan Bhwek

tae ng poge 375
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but

f the sudanophil layer increases in both age growps
(t)he younger :')roup the size of the whole cortex 15 smaller
1t1s difficult to mterpret these changes It 1s certan, however,
that aceording to morphological cnter

a the adrenals of the
23-day old ammal react diTerently from those of the ammal

aped 33 days This would indicate that changes n the reac

hg:;:y of m?:nt rats to a water Joad 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

)Ttns hypothesss 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 itself causes an
mcrease sn sodium excretion n 23 day old ammals but 1
combination with corhisone 1t 33 without effect on sodwm
ehmunation and thus removes the latter’s natriuretic effect

This effect 1s 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
presents otrophy of the adrenals after cortisone m infant
rats aged 23 days and also presents the effect of cortisone on
sodwm and water ehmunation  This 1s not the case m older
ammals This 1s 1 agreement with the hustological picture
and with the differences between 23 and 33 day old animals

Ve bave thus been able to show that there 15 a time
carreliiuonul\xtwcen changes in homeostatic mechanisms
regulating the mntake of water and ele 1

mfant rats at the tuwge of 3 ety bammg in

valural 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 alte of the cortex
©f the mdrensl secticn
e Jower part of the | 400
oolumm gorresponds to
the part of the cortex
stainsdle with Sudan
Black or 011 Red O
200
controls gortisone AcTd | AT
3 25 s
IR 55 aays 3
60
|- 40
Tha psrt of cortex
otainadle with Sudan
Bla 041 Red O
1
tal XD L the
- o
controls cortisone Aca , ACTE

110 6 Seel'ig 5

severnl sites of those sections Differences are largest after
cortisonc  In 23 day old ammals the sudanoplil layer
decrenses n size while the total width of the cortex remams
unchanged In 03 day old ammals 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 18 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 prewesning
period there 1s a considerable change 1 the effeet of cortisone
aud cartexone on elmunation of water and sodwmm after o
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 88rd day does the
male adrenal begin to daffer from that of the female. It may
be assumed from the results presented here that the reactivity
of the adrenals changes at the time of weaming  That change
ean be m relation to the change in homeostatic mechamsms

regulating the mtake of water and sodium which occurs at the
time of weaning
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pituttary mechamsms regulatimg the metabolism of water and
electrolytes At the end of the fourth week of hfe the effect

33 days

il

Cr2N

[:: controls [ZZ3cortiscne acrrt WM ACTR + oortisone

ey e N )
A . . B “he
. . oy

of vasopressin on chnunation of a water Joad changes This
35 1 agreement with Heller (1052)  In addition, at this ime
vasopressin begins ta have an effect on sodium chimination
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own adrenals, as well as to avold stram bound differences in
sensitivity

To test the action of steroids on urmary and electrolyte
excretion, we have used the method desenibed 1n detail by
Desaulles and Meter (1036), the only difference Lb‘emg t‘r:at,

Inckend af anllont na mna fanm Sha SOt 4

first to the third hour, from the sceond to the fowth hour,
and from the seventh to the ninth hour following 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} amimals about 15 weeks old and about 150180 g in
weight,

(¢} amumals about one year old and exceeding 80D g. mn
weight

Allta;um:ds used 1n these experiments were kept isolated in
metal enee
wy {1 ’
froms
(Nafag *
begnra y ot e experiment
The steroids chosen, aldosterone and cortisol, are known to
be secreted by the rat adrenals (Bush, 1943, Swger, 1837)
Cortisol was used as free alechol, aldosterone was used as
DL aldosterone acetate, the activity of which 1s just one half of
D aldosterone (Schmdlin ¢t al, 1955, 1957} All substances
were dissolved 1 sesame ol and anjected ntramuseularly
The doses used 1 these experiments were chosen from
1;;:_;\0“3 expenments (Desaulles and Meter, 1954, Desaulles,
58) and lay within a dase range corresponding to su‘b,
maumal effects  For aldosterone agetate 0

guen, and for cortisol 5 mg fog O mafie s
As the exersthion of ring

e and unnary electrolytes differs



DIFTERENGCES 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 CIB t Limited Basle

It s a known fact that, with advancing nge, the cell mass
and, correspondingly, the cell water content of the ammal
decrease This, together with a constant or nereasing
extracellular water content, appears to be one of the true
signs of ageing (McCance and Widdowson, 1951, Olbrich and
Woodford-\Vilhams, 1956)

Although the adrenals, and more especlly the adrenal
steroids, play an mmportant part mn 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 sensthvity of the orgamsm to adrenal
sterords 1n ammals  We were therefore prompted to study i
rats of different ages the pattern of urine and urinary elec
trolyte excretion after treatment with two genwune adrenal
sterords, aldosterone and cortisol, following a load of physto
logical saline solution amounting to 20 ml per hg

In view of the very complex interrelationship existing
between pituitary, gonads, and adrenals during the dev clop
ment of the ammal from birth to matunty and old age, we
have also studied rats of both sexes These anumals were
chosen in three diffcrent groups, ranging in nge from (a) five
weehs to (b) fiftcen weeks to (c) one year and more

Methods
All expeniments were performed on adrenalectomized rats
of the same breed, 1n order to avaid mterference bch\cc'n
the sterords mnjected and the steroid output of the animal's
180



83
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Aldosterone prevents sodm excretion m a ve:yt l::asr:;i
manner n about the same tensity and for nbmlx: o
duration (five to seven hours) in :‘xll n;g}f Er)o:;;]sd( u:;m-n ) the

he only difference to be noted 15 tha!
un's‘eteo(f) tii sodium retaming effect of the steroid 1s retarded,

-——

T

1

-—
i —
s

5 , Id ’ 5
Fig 2 Unnary sodum and potasstum exevetion of adrend
© tomized male ats of dfferent age groups treated with aldowerone
(0 010 mz (g )
Thuck tine sodium exeretion

Tlun ke potassiurm excretion,
Other fgures us for Fig 1

the maximal effect falling 1 the collecting period of the thyrd
hour 1nstead of in the Preceding peniod
The effects of aldasterone on putassium excretion depend
upon the age groups in question
0 young ammals aldosterane does not affect potassium
exeretion unhl the fourth collecting hour From the fifth
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in amount 1 ammals of differing age and weight, the results
are expressed as percentages of the values of control animals
for urinary excretton 1 ml, and for sodium and potassium
exeretion m m mole The differences between the sodwm/
potassium ratios of treated and control nmmals are, on the
other hand, expressed in absolute values

Results
Effect of aldosterone
In the male rat, aldosterone produces & marked minbition
of urmary output that 1s most pronounced In young ammals

[,

’”'O"o«?»,c« T

Hob  o—

I?D'-
b

R

2 -
i NI

—
pCrY ;--lnl" /
.

i T
!

" L I 1 i
7 4 5 ¢ 7 2 »h
Ti6 1 Unnary excretion of adrenalectomized male rats of dif
ferent age groups treated with aldosterone (0 010 mg /hg )
Abseissa Duration of exjenment (hours) collecting period
2 hours
Ordinate Urinary excretion ns a percentage of the values of
control animals

Continuous line 5 weeh-ol I rats

Interrupted hne 15 week old mts

Dotted hne one year and more ol 1 rats

w0 1
i
;

and tends to dimimsh—at first 1n duration and then m
wtensity —with mcreasing age (f1g 1)
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Aldosterone prevents sodm excretion in a very marked
manner n about the same intensity and for about tlf same
duration (five to seven hours) mn al_l age groups (Flg. ..)1. "

The only difference to be noted is that in o}fl animals the
onset of the sodwm retaining effect of the steroid is retarded,

M ——r
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wE oy
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for Ty T s Y
Fio 2 fimary sodmim and potasstum excretion of adrenal
e lomized male rats of dilferent age

ETOUDS treated with aldosterone
(0 610 mg kg )

Thuck tine sodwmm excretion
Then hine . potassiurn excretion
Other figures as for Fig 3

the maximat effect falling 1n the collecting
hour, instead of 1n the preceding peniod

e effects of aldosterone on
upen the age groups in Question,

® young ammals, aldosterone does not affect 5}
potassium
exeretion untyl the fourth collecting hour. From the fifth

peniad of the thirg

Potassium excretion depend
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hour onward 1t mduces a clear cut reduction potassium
exerction, wlich reverts to normal in the ninth hour On
ammals of the adult group aldosterone has practically no
effect at all In old rats, however, nldosterone markedly
enhances potasstum excretion

7{ g B T SO MV M
“ o eHon —

o B
eSS

a6
a4
o IV T N T 9 4% o % |
+, 17/ o~ -~
~J
o YL
e A
3
as = . 3 1
s R (" ]
ot I R i
153 __ﬂ
“ et —
T2 Y & 5 ¢ 1 a4 9
Ii¢c 3 Unnm ratio of adren: ized male

a
rats of zucrcnt n(;re groups treated with al losterone
Ordinate D between sod 1 ratlo of experi
tucntal animals and controls

Other figures ag for Fig 1

If we consider the sodium{potassium ratio, we observe that
aldosterone reduces 1t marhedly during the first hours of the
experiment 1 all groups (Fig 3), its maximum oceurning in
the first collecting period for joung and adult groups, and
showing & certan delay {three hours) nnd greater micnsity
(—0 95 against —0 75 to —0 80)n the old age group Irom
the fousth hour onward there 1s an increase mn the ratio for
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young awmals {due to potasswams. retention), whereas adult
and old ammals retum to a range withmn control values, the
adult group reactimg more readily than the old ammals

In the female rat, aldosterone also reduces the unpary out
put, but i a sumewhat sraaller extent than m males {—40 per
cent on the average, against about —~60 per cent m males}
(Fig 4) As m males, young ammals tend fo respond more

4 N V%
e, i e
) T 6

o4 U« t s 4 5 & T 1 v+

Hnary excretion of adtepalectomuzed female rat:

ferent age groups treated with aldosterane (0 0\8 ;\?Jl:ge)f o
Fogures as for Fig 1

r:tﬂg:;cdlg although there 15 a certain delay 1 the onset af the
B DTn u;:):tmt to males, with mereasing age a short
Tepenes aty retention 1s followed by a strong diretic

mggl:‘o:;un& exvrehon gldosterone exerts a very pronounced
A m:ﬂ; et of about the same relative mntensity as m
s effect :%e“gm\:ps {F2z 5) Jn contrast to that in males,
ke oldon::glb}(’ ‘:;enod of sedwm exeretian mos;,
" S 0 pe; \‘u'nm
towards the norm 1n the mnﬂ?hro\ﬁfm)‘ the vaues zet ¢
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On potassium exeretion the enhancing effects of aldo
sterone are more marked and begin at an earher age than
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

. L4 4 e

110 5 Usinary sodtum and g ¢ fon of

mmzed female rats of different age groups treated with af fosterone
Figures asfor g 2

onset (mavmum 1n the fifth hour), the values returmng to
within control hmuts at the end of the expersment

In ndult and old females, the reductson 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)  Tlns effect lasts Jongest in old anmals

The rapid lowening of the sodium/potassium ratio 1s



ErrECT OF ADRENAL STERCIDS 0% Booy ELecTroLyTES 187

followed, m contrast to the situation for male ammals, by &
very prononnced and rapd mse {more w adult than old
ammals) to high posttive values (40 95 and -1-1-28, re-
spectrs ely), ths effect tending to return wathin control values
n the mnth hour

§1
Effect of cortisol
Nn wm o ' .
o .
D “
Wi utyewped, and s LUELL B8

mu(;ked\y ey ageng does not seem to modify 1t
n sodium, cortisol exerts
“ witially a shight ret

hat has already been reported (Deﬂmfn, 193?:“3511::2:
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1954, Desaulles, 1958) and which 1s followed by enhanced
sodium excretion (Ig 8) In males these effects tend to dis
sppear with advanemg age

On potassum, one observes the characteristic excretory
response whose intensity 1s particularly high n y oung ammals,
1ts onset being somewhat more rapid in adult and old ammals
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i 2 s £ 5 3 7 s’ 9?7
T16 7 Unnary excretion of adrenalcctomized male rats of dif
fetent nge groups treated with cortisol (5 mg /hg)
Abscissa Duration of expeniment (hours) collecting period 2 hours

Ordinate Urinary excrction as a percentage of the values of control
mals

Continuous line & wech old rats
Interrupted line 15 week old rate
Dotted line one year and more ol 1 rats

The effect of cortisol on the sodium/potassium ratio s first
to lower 1t moderately 1n males, and to raise 1t afterwards to
Ingh positive values (I'g 9) This ¢ffect, most marhed 1n
young ammals, declines with inereasing age

In female rais, cortisol has a stronger enhancing effect on
urnary output than in males (D1 10)  Wath nge, this eflect
Increases and a certain Jateney of onset 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
efects tending to decrease 1n mtensity wath age
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Tic 9 Unnsry sodium/y ratio of | male
rats of different nge groups treated with cortisol (5 mg fhg )

Ordinate  IhiT between sodi P ratio of experi
mental animals and controls

Other figures as for Iig 1
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T 3 <« 5 & 7 1 ¢

Fig 10 Urinary excretion of adrenalectomized female rats of dif
! ferent ng: groups treated with cortisol (5 mg fkg)

Figures as for Fig 1
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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 1 females, potassum exeretion remmming high
uritdd old age and its onset merely retarded

These age and sex bound differences become particularly
elear 1f we study the sarations in the sodium/potassium satio
The sensttivsty of the ammals to the cffects of aldosterone
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increases with advaneing age, females showing much greater
dfferences than males By wav of contrast, sensthvity of the
anmals to cortisol dummshes with advanemg age, females
showing here too a greater sensthivity than males

The sunilanty of the curves of the sodrumfpotassium ratio
for aldosterone and cortisol 18 also stribing and leads us to the
problem of (4} the primary and (b) the secondary effects of
these substances, and furthermore to the problem of the
dasafieattan of adrenal sterods on the hasis of what bas been
considered thetr most smportant physiologeal effects

From previous experiments with aldosterone one 1s mehned
to consider as primary effects both sodum retention as a
consequence of tncreased tubular resorption of sodim ion,
and as a of the exchax
betsw een sodium ons 1n the tubule cells (Cole, 1957, Stanbury,
Gowenlock and VMahler, 1958) Sodwm retention remams of
about the same order of intensity and duration from youth to
oid oge 1 both males and ferales 1% 15 concomtant potas
stum excretion that rises strihingly with advancing age both
10 males and fernales

On the other hand, the dmresss induced by aldosterone,
whick 15 most appatent m old female ammals m the later
phases of the experiment, 15 most probably of secondary
ongin its causes lying i the effect of aldosterone on the
semsiivity of adrenal d ammals to end
diretic harmane {Gaunt Lloyd and Chart, 1956)
mA; fgr eortisol its essential effect seems to e mn the ery

arhe

antt

P which is regarded as runnmg
paraliel wath s catabole effects

Its effect on pat tends to 4 h with
sdvancing age male anumals being here more susceptible than
females Com ersely, the diuretic and sodm syrrat «o -
pertise £ s .
ant.
am

« lutnunie, these properties tend to dis

i;;g:x:: wih m;rcasmg age i smales but not m females
erone and cortisol tend ta

g te wnduce a greater dwretie
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response and concommtantly higher sodium cieretion with
advancing age, espectally m females

This, together with the similarity of the changes m the
sodium/potasstum ratio mduced by aldosterone and cortisol
during these experiments, even 1f the factors of ageng and sex
act differently on them, underhnes certamn similanities of effect
m 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
homeostass to the development of the amimal organism s too
complex to permit of any dcfinite statement Ve have
simply tried to show that the properties of certam hormones
may be profoundly affected by such factors as sex difference
and increasing age, and that these differences may act in the
same or 1n 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 influence of aldosterone and cortisol on
urinary electrolyte excretion varies greatly

Vi hereas age tends to wmerease sensitivaty of the ammals to
the effects of aldosterone, their sensitivity to cortisol by way
of contrast tends to diminish

On the other hand, femnle ammals show a greater respon
stveness to these changes than male anmmals

These results are discussed
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response and concomstantly Ingher sodmm exerchon with
advanemng age, especially m females

This, together with the sinularity of the changes i the
sodrm/potassium ratio mduced by aldosterone and corbisol
during these experiments, e en if the factors of ngemg snd sex
act differently on them, underlines certaan sinulanties of effect
m 2 number of hnown adrenal steroids wiich have already
been stressed (Meer and Desaulles, 1956, Gaunt and Charty
1958) Relatne dosage, trme, age, experunental conditions
and different stages of homeostass are among the {actors
madifymng these similar potterns of coffeer The relation of
homicostasis to the dev elopnient of the ammnl orgamsm s too
complex to permut of amv defimte statement We bae
staply tried to show that the propertses of cerfam hormones
may be profoundly affeeted by such factors as sex differente
and merensing age, and that these differences may aet m the
same or 1 quite different ways and thus contrbute towards
n better understandmg of pathophi siologien! changes due to
nge

Summary

It has been shown that n rats of differang age and sex the
sensitivity to the mftuence of aldosterone and cortisol on
urgnary cleetroly te exeretion sarnes greatly

Wherens age tends to inerease sensitinaty of the ammals to
the effects of uldosterone, thoir senvitiity to eortisol by way
of contrast tends to dimuush

On the otlier hand, fumale animals show n greater respott
s1veness to these changes than male antmals

These results are discussed
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find that in young amimals there 13 very hittle Aiffamee .. s
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20-22 and 29-31 days after birth

DBorst Has T
and Dr Kfefe

are nad 1w 1 .
Ko ot . e,
time ' -l - .

same

Desaulles Qurs were done very early in the mormng
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Barst  Light 1s not unportant  In Llind people the dwrmal rhythm
remains normael af they are in Light dunng the mght and in the darh
during the day

Desanlles We cnnnot cope with every actsuity, 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 cortisol on the exerction of sothum and potassium
If one considers the excretion miio of these two fons in the unne, the
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hormone by & change in Na/K ratios in the urine, when the change is
roduted by two different mechamsms.
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find that 1n young nmmls there 15 very hitle differcnce i water dnres
as compred to that m ammals 33 daysold  Between adult antmals and
33 day-old oncs there 1s no difference, but between 23 and 83 days there
are variable, but statistically sigmiffeant differences in the exeretion of
the water load

Heller- That 15 nlmost exaetly what we found, our nge groups were
20-22 and 20-31 days after birth

Borst* 11as diurnal hy thm been taken into account by Dr Desaulles
and Dr. Kieéch? Big differences can nrise 1f the controls and expenments
are not done at the same time ench day,

Kfeleh Our experiments and controls were alnays done at the same
time n the morning  The) were done 1n summer and in winter, with the
same results

Desaulles - Ours were done very enrly in the mornng

Adolph  Did you run controls without the hormones?

Desaulles Inery group was run with controls

Ziorst Light is not kmportant In blind people the diumal rhythm
remans normal if they are o hight dunng the mght and in the darh
during the day.

Desaulles We cannot cape with every nctivity, but we did think that
Iight mught be one of the prohlems

Tourman Dr Desaulies, you drew an analogy between the effeets of
aldosterone and of cortisol on the excretion of sodium and potasstum
If ane considers the excretron mtio of these two fons fn the urine, the
effects do appear to be nnalogous  Ired Bartter and I first became

=t a8 T net o abanl INGA s Fa aleeancar nctatagpbichwe
- Wttt e st the human

' - “ge inerease

. .- . . . Lt wninkstras
tion of cortisol 1s continued It 15 not necessarily nmm,mnl:wl 1:)‘"
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dary to n release of potassium from the tissues

Desaulles That is my opmion too

Tourman What strihes me is that pharmacologists are mistuhen as
fang as thev cquate these end cffects of excretion of sodium and polas
swn, and as Jong ns they speak about the alteration i Na K rotio and

wse thus as¢ o measure of aldosterone effect 1 think the carly effect of
o Tarb g apttant =« sbant)arband the offect
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Hular,
Nl‘ourman Theearly nseinpotassiam exeretion with cortisol sprobably
a ccllutar effect The results will nat be sery reliable if vou asay o



OLYTES
£ EFFECT OF AGE ON THE ELEGTR|
'“!‘N THE RED BLOOD CELLS OF DIFFERENT

SPECIES
M J KarvonEn
of Physiology Institute of Health,
Tielsnks

Two kinds of age changes may occur 1n the red blood eells
The esythrocytes themselves have a defimite length of hfe
which may be determuned n various Ways, whereas the
longevity of “fixed” tissue cells generally cannot be as
exactly mdicated Thus, as cells erythrocytes may be
‘young” or “old” On the other hand, hike any other cells

of the body, the red cells may be o part of a young or of an
old orgamsm

Cellular age

In order to study age changes in the erythrocytes as cells,
two principal ways are open One of them 1s to produce
anaemua, e g by bleeding, and thus to stimulate erythropole

81550 that o large proportion of the arculating eells will have
been produced withun a relatively short period The wnter1s
ot aware of any systematic study of the red cell electrolytes
throughout the after acute bleeding In mcro

eytic ﬂnncm:as of man—wluch 1s the type seen also 1n bleeding

th A wn erythroeytes 15
lower than hormal (Maizel T types of anaenmua

on of p

15, 1936) In othe

a chiange in the opposite dircction may occur {Maizels, 1936,
Selwyn and Dace, 1954, McCance and Widdowsan, 1956)
Hoxever changes i the electrolytes observed in any type of
anacmia are not necessanly dependent on the age of the
enythrocytes, but may be caused by many other factars
assotiated with anacma

1
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Desaulles, That 1s 8 very unporiant pont, because it is very well
known that if oo e e e e
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we tested the sensitivaty of thesr sexual adnexa. Ve obsenved that
what was found by Pathes and Deanesley about 20 years ago is stil
absolutely valid. You must begin the expeniments between two and
three wechs after castration, after that the sensitivity diminishes very
rapidly. If you wat from onc to three months some responses disappear
completely, and you need very high dosages of the substance to obtan
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but not entirely remoy ed by casteation
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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
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Sodwum millieq per ltre

et ¢ CURECBErRbOR Of Potassium and aod v

Fia 1 The

i swaig *

i;\i.:m; a:nd 'potla:smm concentrations The
Toly tes tends to re;
Waddos (o TN constant with a

sum of the two
confirmed ]
gradual decrease lus observaty

ge

of th on and found a
sochum with o dmncmgefom:s,:?m and an merease of the
The study by ¥a), 2

man and K
another interesting findng !nh;‘;;;,:n (1019 brought out

bderhaiden published



200 M. J Karvoaew

Recently it has been clamed that other methods for studs
ing young or old erythrocytes mght be feasible  Accordmg
to Borun, Figueroa and Perry (1057), after centnfurtion of
blood the bottom Inyer contains the oldest eclls, and the
surface the youngest ones  An analy sis of the different Inyens
has shown that—at least 1 human ndult blood—the packing
18 closest and the amount of mtercellular plasma lowest mn the
bottom layer, but when the effect of different packing 15
corrected there 1s no difference between the sodmm and
potassium concentrations of the bottom nrnd the surface
erythrocytes (Leppanen personal commumeation)  Semal
osmotic haemolysis has nlso been suggested as o means for
differentiating young and old erythrocvtes (Stmon snd
Topper, 1957) The value of these methods 15 not yet clear
However, the nature of the methods used suggests that
changes m the electrolyte metabolism of the erythrocytes
may be myolsved in thew ageing though such changes may not
necessanly resuit in differences i the concentration of sodwum
and potassium

Age of the animal

As o mned population of differcnt cellular ares crythro
cytes are casibv available The avalability and desdopment
of flame photometric analy sis has e been n stimulus for seseral
myestigations of the electrofyte content of the red cells It
has been found that i gencral the sudmm and potassmm
content of the erythroeytes s o sy fuirly stablc typreal of
the spemes, and resistant to many phavswlozic i and pharmaco
lomenal ngents  However, m dhiscase particularh n febmle
states, erythroey tes tend to fose potassium and gasn sodimm
m other words, the clectrobte composition of the crathro
cytes moves closer to that of plasma

Sheep and other runanants It may be inferred from results
published by Green and Macashill (1928} and by Wase and
co workers (1947} that the mtracellular potasaum concen
tration 15 hugher 1 the blood of young calves than i that of
adult cattle These twe papers were the fint to ndicate that



Ack Craxces 1y Rep Broop Ceus 201

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 1t has been claimed that other methods for studs
ing young or old erythrocytes mught be feasible  According
to Borun, Figucros and Perry (1957) after centrfugation of
blood the bottom layer contaws the oldest eclls and the
surface the youngest ones  An analysis of the different Jayers
has shown that—at least 1n human adult blood—the packing
1s closest and the amount of mtercellular plasma lowest m the
bottom layer, but when the effect of different pachg 1s
corrected there 1s no difference between the sodum and
potassium concentrations of the bottom and the surface
erythrocytes (Leppanen, personal communication) Seral
osmotie haemolysis has also been suggested as a means for
differentating young and old erythrocytes (Sumon and
Topper, 1957) The value of these methods 1s not yet clew
However, the nature of the mcthods used suggests that
changes 1n the cleetrolyte metabolism of the erythrocy tes
may be involy ed n their ageing, though such changes may not
necessarily result m differences in the concentration of sodinm
and potassium

Age of the animal

As & muned population of dilferent cellular ages er) thro
cytes are eastly nvathible The avalability and des clopment
of flame photometrie analy sis has e been a stimulus for sesvera)
myestigations of the clectrolyte content of the red cells It
has been found that in general the sodm and potasstum
content of the erythrocytes i rio1s fuirly stable typieal of
the species, and reststant to many phis siolomieal and pharmaco
logical agents Iloweser, m disease, particularly m febnle
states erythrocy tes tend to lose potassium and gamn sodinn
m other words, the clectrolyte composition of the «ryvthro
¢y tes moves closer to that of plasma

Sheep and other rumnants It may be inferred from results
published by Green and Macashall (1929) and by Vise and
co workers (1957) that the mtraccllular potassium conecen
tration 1s higher 1n the blood of young calses than in that of
adult cattle  These two papers were the first to mdicate that
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the red cell electrolytes may change with age The subject
was taken up by Hallman and Karvonen (1919) 1n another
species, sheep A distinct difference between foetal and
adult Finmsh sheep was observed, 1n the sense that the eon

centration of potassum in erythrocytes was hgher 1n foetal

thaa 1o sdult sheep Fig 1 shows the dufferences 1n both

utre

8

Pafugsl&m millieq per
=)

0

[4

Fia 1

]
°

o
=

0 100
Sodrm mitlieq per litre
The erama =~

erythrocytes . . -
belonging 10

MY Thee o "

adult sheep ¢ :

- uay

observation and fo
erease of the potasammm nnd - rease ‘;?dtha
e

brought ayt
o HHAMZ In 1893 Abderhalden published



202 M J Karvosrs

the first values for the sodum and potasstum concentration
Sf adult sheep ery throcytes, and found that thev belong to the

Iow potasslum—high sodum” type  In 1937 Kerr observed
Ingher potassium concentrations, with a large vanation
between mdividual sheep  In the determmations of Hallman
and Karyonen, the erythrocytes of the 'inish sheep turned
out to be—contrary to those of Abderhalden—of the “high
potassium—Ilow sodium” type, contmnng still more potas
sum than the red cells of Kerr’s sheep  Sheep ery throcy tes
thus show n large range of indinidual varations m the
clectroly te composition

The electrolytes are not the only constituents of the red
cells in wluch indnvidual sheep differ The solubshty character
1sties of sheep haemoglobin obtamed from dilferent countrics,
from different breeds, or from different sheep may also differ
(Karvonen, 1949, Knrvonen and Leppiinen, 1952) It was
natural, as & working hy pothests, to connect with each other
these differences in the red cell clectroly tes and n the type
of hacmoglobin In the first five samples representing &if
ferent breeds of sheep, hacmoglobmn prepared from the Jow
potassium crythrocytes actually showed a crystal habit
different from that of the high potassium cells (Karvonen
and Leppanen, 1952

Since these ¢ irly attempts the red cell eleetroly tes of sheep
have become the subject of ntense study  The individual
differences 1 the electroly te composttion hnve been shown to
bLe permanent characteristies (Lvans, 1957) Ihe occurrence
of different types of red eclls in a number of breeds has been
studied, and the geneties of the mheritance have been w orhed
out (Evans, 1954, 1057, Lvans and King, 1055 Lyans of al,
1936, Lyans and Younb, 1057)

The application of paper electrophoresis to sheep haemo
globins has shown that though there 15 o definite associntion
between the electroly tes an the red cells and the hinemoglobun,
this asssociation 15 not absolute (Ilarns and Warren, 1033,

vans et al , 1956, Evans, Harns and Warren) On the other
hand, the haemoglobin present in the red blood cells has an
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influenee on the concentration of potassium 10 the whole
blood of both high potassium and low potassium sheep, and
thus presumably also on the concentration of potassium n the
eells themselves (Exans #t ol , 1956}

The study of mdnndusl differences between adult sheep thus
chows that the type of haemoglobin 15 associated with the red
cell electrolytes, but that other factors also ploy & rble

Haemoglobin changes wath age the haemoglobim of a fcietus

Y fare foren ¥4 & &

with that of younger ammals {Karvonen, unpublished }

The transition from foets! to adult hife wmvolves & change of
o N1 -

In sheep, these
and to be com
19, Hallman and

' ' the changes are
cx:m() parallel would be o subject of considerable theoretical
nterest

Other speciey The effect of age on the electrolyte concen-
tration of red cells has been studied mn few other spectes
Remarhably enough, s relationship just opposite to that m
Tummsnts fas been found the sodum concentration 1s
Iagher and the potassium concentration the same or lower 1n
fgcml than i adult erythrocytes at least in man (Hallman
‘i\f:hmd and Vara 1953, Osterlund, 1955, McCance and
Viddow 0, 1936) mig (MeC d Widdownson,1956), andin
rumca pig (Widdas 1654, 1955, Karonen and Leppanen,
unpubhshed) The concentration of chionde changes tht‘a
same direction as that of sodiam i

Underlying mechanisms

It hins been pointed out b
y Conway {1057) that ¢
acell the more worl, per umt cell v 311§m: 0 e
tust do 1n the same ¢

3 “sodwum purnp™
fld 1 order to Leey

nvironment of plasma or extracellular
D the intracellular sodtum et
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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 eleetrolyte metabolism may be msolved
1n the ageing of the red cells Differences an the actual sodiun
nnd potassium concentrafions fizve nof, however, bheen
demonstrated

In sheep and cattle the erythroevtes of a foctus contan
more potassium and less sodium than those of an adult In

man, pig and guinel pig o diffcsence in the opposite direction
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tas been observed The eventual association of the difference
1 red cell electrolytes with a dfference 1n heemoglobins and
with a difference m cell size 35 discussed

In vitro studies of foetal erythrocytes and particularly,
therr interp ton are handicapped by a fast rate of spon
taneous haemolysis i foetal blood In man this may be
retarded by exposmg the blood to mtrogen and/or by admn
1stening ascorbie acid to the mother before delivery, but even

so the rate of spontaneous haemolysis remains far above that
observed 1n adult blood
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level A smular conclusion applies to an eventual **potassum
pump” The erythrocytes of a foetus are larger than those of
an adult  With constant actity of the electroly te pumps an
mncrease 1n the cell sodium and & decrease in potassium would
be evpected from foetnl to adult Wfe Tlus 1s the durechion of
development in the rumnants, but not m the other species
examuncd It 1s rather questionable whether the deercase in
ccll size even m the rummmnants 1s an important cause of the
changes of the red cell electroly tes

With the aid of wn witro studies much progress has been
made 1 elucidating the mechanism of cation transfer across
the red cell membrane The applieation of these methods to
the ery throcytes of the foctus suflers from a serrous hnutation
the cells of foctuscs (at least human and sheep) haemolyse
spontancously and rather fast 1n vitro Lo some extent the
rate of haemolysis 1s dependent on osygen tension, high
oxygen tension ncreasing the rate of hacmolysis, but hiieme
lysts also occurs at an appreciable rate m blood exposed to
nitrogen  Ylnemelysis in human cord blood miay alse be
retarded by admimstering ascorbse acid to the mothers before
delivery, but even so the rate of spontancous haemols ws
remains constderably lugher than mn adult blood An additront
of ascorbic acid 2 vifro 1s without effect (Ruihi, 1030, and
personal communteation)

Summary

Information on changes 1 the electrolyte metabolism of
indinadual erythroeytes durng ther lhfe cycle 1s mengre
However, the clmms that young and old cells may be separ
ated with the nid of centnifugation or senal hacmoly sts suggest
that ehanges 1n the electrolyte metabolism may be myvolved
1n the agemng of the red cells - Differcnces i the actual sodmm
and potassium concentrations have not, honever, been
demonstrated

In sheep and cattle the erythrocytes of a foctus contam
more potassium and less sodeum than those of an adult In
man, pig and gunea pig, A aiffirenee in the opposite direction
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deer® Ticer tay have mickle cells, and thus is corrclated with a certain

globin
type of different haemog] Tinsordal cells
e h‘:w :‘;:n?w‘?nelﬁtcthg relative efficiency of the dxﬁe;rcri:;.
% x{ﬁ:ul;t‘:e“dnzzusm\?.ux Tespect 10 their function of carrying oxygen,
* B .

"vane Ly Davion, ean you comment upon the genetie side of this?
Yo spohe atiout the sodium pump, what about the difference in haemo.
Rlabiny

§ cannat relate this at all 1donot see wh{ 8 g1en type of
haemagiobin should te Bysociated with g given electrolyte content,
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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 as high a sodmm content as the eat, det
o, A ) . FE A N

& 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?

- . alaalite

. . ‘ . with low

. . . - different
. . » abightly

[FIEITRINTIey
Nesaultes ¥ins not the satne effect heen deseribed for sme hind at



THE DEVELOPMENT OF ACID-BASE CONTROL

B M Vopewsow end R, A MeCance
A Counerl Department of Expersmental Medseant,
Stedsent Researcl l:"n:mn m o7

General Principles {as they apply to adults)

Wik the body of a healthy person 15 prowmided wth the
dret normally eaten n Furope and the Umted States, 1t
produees 1 s metabolism more non volatile amons than
eations These surplus anions  are excreted by the kidney
partly 1n combioation with titratable hydrogen toms (the
ttratable sodity} and partly as emmonmm salts  The
ammonwum salts usually account for rather more thamn 50 per
cent of the total Tf the excess of non volatsle antons nereases,
he pi of the unne falis and the birstable amdity imereases,
but the

of also beeause a fall in
the pil of the urine 15 ane of the things which raises the output

of ammunta and consequently the percentage of the surplas
amons excreted s ammomum salts remains about the same
The exerehion of salts s also d {a) if the
pil of the unne 15 muntamed at its lower hmmts for some
tir

!~ ~antinuous sdrsnistration of aesd or and forming
dr * v racrease n the activity
o dyse the formation of
ammenry and particwrs

mnase {Davies and
YTudhin 1952 (b) By an merease in the acid *load” {Rector,

“eldis and Copentiaver 3955) Both {2} ared {b) inerense the
pereentage of the surplus amons exercted as smmonwm
uf:h and good (-x(;mph‘w of the effeets which may be sbserved
sfter continuous gh dosage are gnen by Rybe

As the pIl of the om o S ens

me nses progressively above G-5 the
pereentage of the total output of surplus nen volatide antons

exereted as ammonwm salts may afso mse and wltimately
200
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Blech On the genetse side at is very odd that one gets this seatter nght
along theline  Qne wouk! thh, that, accanding te Mended, one would get
segregntion at the two ends of the hine

I 1ens not clear whether there nas an exeess of flund 1 the red vells
In other words, i the foetal sheep of mnn waos there an excess of
polasutn per htve of red eclls? Was there any difference 1o phosphate
content? Iafferences in phosphate content Tve been desenbed
thunh, by Prankend (1035, Chn S, 34, 181} and othens in connevian
with the sichle eclf problem, and I wondered whether that side hd
been gone mto wath foetal versus grown up sheep

Rarrenern 1 am afrud 1 gare a wrong snpresstan when 3 sant the
scatter was all along that hoe  There 15 8 very clear concentration st
cich end of the hine but ther 15 alo o group i between  Withan ench
group, however, there Is qute 8 consuleral le seatter which ds due toa
permanent indiidual characteristic of erch sheep 2 he statistionne say
that there 15 quute a high it adinadont correlstion

The foctal cells rontain more water than the adult cells Insheep
do not tlunk that any detarmunations of the phosphate have been doney
but in man amd n g st has been found (Melanee and Widdowson,
10363 that the phosphite of the foetal cetly 18 higher

Datson ¥t must be realized that when ted blood cclie are apaly<ed,
1ery lirge numbers are tised  there many well be differences sh cancet
trtions of § and sadnim gt the mdniduat ones and thes
could well full mto groups wiieh would never be discovered L anations
m the \a K mbo could be reflections oof ynsntions wn the proportions af
high potasstam and low potassium eclls wiuch would give o continuous
scatter nght nfong the hine
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on four additionn) babies on the 7th to 8tk day Of the seven
babies myeshigated one weeh after birth, six were tireastfed
and the seventh was fed on Ostermull  Samples of blood
have been taken from the cord at burth, and from the femoral
veunat 48 hours and seven days  Urine has also been collected
for 24 hoars from one chuld aged eight months and from one
aged one year, while X nosmal men and women have pro

vided 24 hour urine collections to serve as the adult com

parsons  The unines were eollected and stored under toluene

Determinations of piy, titratable arud, smmonia, ereatinng,
phosphate aitrate and sulphate have been made on the unne,

and the sera have been analysed for creatinine, COy, chtonde,
sodium and potassium

The excretloa of surplus anians

Fig 1 shows the milimoles of surplus amons not combined
with fixed bose (1e titratable aod plus ammonum salts)
exereted by the mnfants on the first, second and stventh days
of bfe and by the older mfants A figure for the adults 15
wlieated olso AW 1be values ave expressed per kg of body
weight per day  The average pH of the adult unne was 6 or
a h‘m‘c over while that of the babies was between 3 5and 5 8,
aeda 2 a1, A .

ot of the adults afthough the pIl of the urine was Jower,
*hich would have led ont to expect a lugher rather than a
lower amon exeretion Thus low rate of exeretion was quite
sufficient to maintam the acid base balance of the bodv, for
the scrum €O, and chlonde did not change It 15 to be
sttnibyted to the fact that the yrne contains very httle
Phiosphate or sulphate at this feriod (MeCance and von Finck,

184~ and see Iater), owmn
N g to the small breal.d:
grotetn (McCance and Strangeways, e vt

1054} By the seventh

vé:g u«; aties were taling nearly 500 ml of breast m:\k 8
m)' : huch contained 9 5 ¢ protein or about 3 glhg. and
Ty were passing ahout \hree times as much urine per kg of
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reach 100 becanse above pH © 5 the exeretion of titratable
aesd falls more rapsdls than the and 15 ext, bed
before the excretion of ammona, + hich continues at 2 de-
creasing rate up to pH 8 This tendenen of the percentane to
s~ as the pH of the urme goes above 6 5 15 therefore examrer
ated if the unnes are titrated, as thes mostls are nowadars, to
pH 7 4 wstead of, as at one time, pH s

Dihadrogen orthophosphates are the mam buffer zerds
which can be titrated 1n a nermal adult s unwe, but this mav
not be so i disease «f there 15 a preat excess of abnormal
organie 2cids of the nght buffer strensth w the unne, surhas
éhedroxsbutviie acid or zmmo amds  Apart f{rom the
phosphates and wezh organe acds which contribute by they
presence to the titratable actdity the surplus of pon volatde
anions m the urme 1s ver fargels due to sulphates denved
from the metabolism of protern (Hunt, 1929; Chlondes are
generalls balanced by the egussalent amount of fixed bae
unless caletam or ammorsum chionde has been taken to
produce a chlonde acidosns

The ability of the bidner to exerete hnvdrozen wns mto the
tubules and so to exerete the surplus non volatde amons m
the wasv desenibed depends upon the actmits of carbomc
anhvdrase Since 1¥ has been shown experunentally that the
degree to which the pH af the unne can be Jowered depends
upon the actnaty of the carbonie anhs drase st any nsen time,
1t masy be that the lower and well hnown hmst of urmmars pH
attamable by a normal person ts an expression of the achvity
of his earbonse anhndrase but tins 1s merels a surzestion at
th» moment

The \ewborn Period and Later Infance
Complete eollections of unne from three healthy babt bovs
have been made for the first 48 hours of thewr hves and again
over the whale of the Tth-5th dav  Thes» babies all passed
wnne at the moment of birth and this was slso collected
Tnne passed bv two oth=r babies at burth has also been
sncluded mn the senes and a 24 hour colleetion has bren made
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an four additional babues on the Tth to 8thday  Of the seven
babies mvestigated one week after birth, six were breastfed
and the severth was fed on Ostermill  Samples of blood
have been taken from the cord at birth, and from the fernoral
et 48 hours and seven days  Unne has also been collected
for 24 hours from one child aged exght months and from one
aged one year, while aix norzal men and women have pro-
wded 24 hour urine coliections to serve as the adult com

pansons The urmes were eoljected and stored under totuene

Determinations of pH, titratable acid, ammoma, creatimne,
phosphate, citrate and sulphote have been made on the unne,

and the sera have been analysed for creatintne, COy, chlonide,
sodiam and potassium

‘The excretion of surplus anions

Fig 1 shaws the millumoles of surplus anions not combined
with fixed bose (e Utratable acd plus ammomum salts)
excreted by the infants on the first, second and seventh days
of bfe snd by the older misnts A figure for the adults »s
indicated also Al the values are expressed per kg of body
woight per day  The average pH of the adult unne was 6 or
a Iittle over while that of the babies was between  5and 5 8,
and this has to be taken into account i considenng some of
theresults The urine passed 1n the first and second 24 hours of
e contained less surplus antons per hg of body weight than
that of the nduits aithough the pH of the unne was lower,
which mould have led one to expect » hugher zather than a
lower snton excretion  This low rate of excretioh was quite
:;xﬁ‘«mm to maintain the acd base balance of the body, for

:: ;,crum €O, ond chlonde Qid not change It 1s to be
n) Abuled 10 the fact that the unne contams Sery httle
l,;;;vl;“; ot sulphate at this period (MeCance and von Finel,,
I‘mltmn(\l?(‘e later) gwing to the small breakdown of hissue
Koy thel banec andd Strangenays 1054) By the seventh
&, “‘mi :m\;:rcdmkmg nearly 500 ml of breast mith a
ey were msmg;\;ﬁ Jlt fhg proten or about 3 g flg, and

ree imes as much urine 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

e — - = Adult

O- 24- 7- 1

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
tumes as much as an adult perhg , and only 8 or 10 per cent of st
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. 2 shows the percentage of the surplus anions excreted
with ammonis, For ths it is possible to give a figure for unme
which was formed in utero and passed at the moment of birth
and which hod o pH of over 6. It will be observed that,
although the pil of the urine passed at birth was higher than
that of the unne passed afterwards, the pereentage of the
surplus amons excreted with ammonia was also very high
before birth, and of the order to be expected in adults with
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body weight as the adults, Their excretion of surplus auions,
sulphates among them, per hg., had reached the adult level
although they were still encreting little or no phosphate.
The pH of their unne was = httle higher than it was on the
first two days, and the increased volume may have been one
reason: for this (MeCance and von Finck, 1947; Hungerland,
1957).

At eight months to one year of age the babies excreted more

o aleftglah
£ 6

0= 28~ 7= ]

24h 48n Bday yeor

Twc 1 Surplus smons {not combined
with fixed base) excreted by babies
duning the first week and at 8 months
to I year of hfe

surplus anions per kg. of body weight than the sdults. This s
explainable by the high intake and metabolism of protein per
%kg. of body weight at this time of hfe. A child of one year
consurnes about 8+5 g. proten per kg., which 1s two to three
times as much as an adult perhg , and only 8 or 10 per cent of 2t
is used for growth i contrast to the 50 per cont or so retaned
jno the neonatal period. The phosphates and the eystine and
methionine 1 the milk and other protein foods were probably
the main sources of the surplus rnions.
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tion of amimoms

ently lower even than the exerc

‘lgylz:;:de; (i‘ age the glomerular ﬁélr{;z\g; iz::z)nkgx;;‘d) n:;g
that of adults {McCance an ddo’ , ),

;‘\‘\D:Y‘:ammoma and surplus smons per Lg were beng :‘A

eseted (see Fags 1 and 3), the amount of ammoma, eXCretet

per mi of glm‘;xeruhr filtrate was near the adult Tevel

o8

o7

L

Tafre QO 24 3 )

b 248 a8h Bday yeor

Fiz 4 The ratio of the aramona excreted

(m mofej*s h ) %o the glomerular Sltrat o
rate (mijmmn }

The nature of the titratable acidity

Fig 5 shows the excretion of hyatalie and per hg of body
waght by the babies and the adults The amount exereted
was low durng the whole of the firsy week, but it was mising
even though the urme stdl contamed no phosphates The
Tugh exeretion at a year s agam refated 1o the gh intake of
protesn at that age

b3 6 shows the pereentage of the hitratable acidity due to
phosphate in the unee of an adult and 1 the unme of a breast
fed baby in the fisst weeh of ke In the adult the pexcentage
depends upon the pH and, sinee the PH of the unne passed
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which has been done on hidney shices 22 vatro (Robmson, 1954),
and on renal glutarmnase and ammonia production (Hines
and MeCance, 1954) goes to show that, weight for weght, the
hrdney of the newborn of other species contans less glutamin

ase and produces less ammonia than that of the adult Fig 3
shows that the total amount of ammonia excreted per kg 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 m response to
an acid load 1n the first day or two of hfe has not yet been

™ mole/kg 24 h
Oaag

06

O~ 24~ 7-
24h 4Bh Bday year
TIie 3 The amount of ammoma
excreted

studied 1n man, but Cort and MeCance (1954) found 1t to be
smaller mn puppies two days old than in adult dogs The
matter requires further mvestigation

Fig 4 shows the excretion of ammoma i milhmoles/24
hours divided by the glomerular filtration rate (as measured
by the endogenous creatimine clearnnce) m ml /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
Lnown, because the two functions bemng compared are both
expressed 1n terms of rates of urme secretion  The exeretion
of ammona was high 1 ufero and mn the newborn perrod
relation to glomerular filtration rate  The glomerular filtration
rate at this time of Iife 1s very low by adult standards, andf
the endogenous creatimne clearance is a true measure of 1t,
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than the amount excreted by the adults 1n ths sertes

l;n“:zt;ar as eitrre aeid may be regarded as a product of the
metabolism of the kidney 1t cannot be classed as a surplus
anion although 1t contributes to the titratable saidity.

1t 15 well known that imfants on cows’ milk muxtures havea
hugher concentration of morganie phosphorus in thewr serum
than breasted infants, they exerete phosphates by the
seventh day of life, and the phosphate ergame aaid relation
ship 15 of the adult pattern, as 1t 1s also 1 the unine of mfants
eight 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 nter-
medianes

Unne bas been taken from the bladders of five human
Joetuses aged 10-20 weeks It has always beer found to be
hypotonte, due mamly to very low concentrations of sodwm
and chlonide It appears to yesemble the urine formed n
ulero and passed at term which has been better wvestigated
and desenbed elsewhere (MecCance 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 15 a rapid expansion i the volume
of fimd  The s2c contomng the flud has free con-
nevion with the hidney through the urachus and bladder,
Its b also p: pate 10 exchanges wth the mother
Table I shows the composition of the Awd at 20 days, 45 days
and 60 dsys At 45 days both mesenephros end metanephros
are fuucl}lgrxal, but the former 15 becomung less g0 The

smus pledly 50 that from 43 days 1t 3s only one half
or one thurd that of foetal serum (McCance and
1957} This fall n osmotar { iokegsan,

concentration 15
e fall m the concentration of sodwm 18 due largely to

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 Ing 6 (70-50
per cent) has been taken from Gamble (1942) Phosphates
accounted for & very small fraction of the titratable acidity of

m mole/kg fs¢h
10+

Adult

O- 24 7- 1
24h 48h 8day yeor
Tia 5 The excretion of titratable
neid

the infant’s urine, which 1s due to the fact, already mentioned,
that the unine of breastfed infants contains so hittle phosphate
at thus time of hfe

Investigations are being made on the organie acids m the

o ESTENSISSSSITTNSSS prosphare

Organ ¢ acids

Infont] § Phosphate.
] Orqanic ac ds

O 10 20 30 40 S0 &0 70 8O 90 00
Percantage of titratable ocd ty

I''a 6 The prop of neid due to and
organic acids 1n the urine (pX1 5 5 6 0) of adults and infants

urine during the first week of hfe  Citrie acid 15 one of the
major constituents, and on the scventh day the breastfed
babies were found to be exereting 33 mg atrate/hg body
weight/2¢ hours (Stanicr, personal communication)  Tins
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hoped to extend the study to later stages of gestation, to
other membranes and to glutaminase,

before bsth, or whether the flud has been made hypatome
and aeid by the action of the membranes themsehves  Small
emounts of fimd have been yemoved from the bladders of
fostuses at 45 days and it 15 probably possible also to with-
draw fwd from the large mesonephne duet, so that ths
problem may be soluble without recourse to large seale
experiments! vetennary obstetries  Should it tum out that
the composttion of the fhuid 1s bemg altered by the memibranes,

ther activities may contnibute matemally to our ideas about
the function of the renal tubules

REFERENCES

Prne $ 3 - 3we

H,\.mm}‘"m med 139, 272
NN Coqrorv ¢, , M 5
PO ARNOT, M, avd Prowanrp, P {1957) B ndo

Hrves, B'E and HeCacr, R

A {1958) J Phynot, 124, 8
Movorneavn, M1 (1957) Ann Pacdiar Fenn , 3. 164 ‘
Beer S N (1956) Chn St 501 o
MR + 7 ure Zong, 173,208

o b 45 05T J Embryol exp
—e B

a8 14 ax vavas) L Yoy Soc, ML B,
Recror, F C, 8
o rees, 34, ;_)ww,n W . and Corevnaver, J H. (1955} J ehn



218 E M Wpowson AND R A MeCsncr

concentration of potassium does not {all in the same w13, and
the concentration of caleum rises  This ealeum appeass to
be held m solution by aritrc sad (Economou Mavrou and
McCance, 1958)

The fluid at 45 days has been found to have a pH between
5 5 and 6, and a titratable acidity of about 10 m equis flitre
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 ss alnays small,
and the acidity 1s almost entirely due to carbome nerd  The

Table I

THE WEIGHT OF THE FOLTAL FIG AND THE }OLUME AND
COMPOSITION QF ITS ALLANTOIC FLUID

Foetal age 20 days 45d1ys 60 days
Weight of foctus olg 20g Jj00 g
Volume of allantoic flmd 5 ml 110 ml 3.0 ml,
Composition of allantoic flurd
Osmolar concentration m osm {1 2,6 120 02
Urea m mole/fT 31 84 103
Chlornde m-equs /I €9 30 18
Sodium 114 13 4
Potasstum 4 8 &
Caletum mg /100 ml (] 30 —_
Inorganic phosphosus mg /100 ml 9 [ bt

pH rises quichly if the fluid 1s shaken or even if it s left ;na
tube exposed to the air, and 1t was found necessary to collect
and analyse the fluid out of contact with air  Lutwak Mann
and Laser (1854) found no “bicarbonate” in pmg’s allantoic
flmd at 20 days’ gestation but there 1s no doubt about the
presence of carbomic acid at 45 days

Further i estigation has confirmed the fact, first noted by
Lutwak Mann (1955), that the chorionllantorc membrane
contams carbonic anhydrase At 45 days the allantole fimd
wself also had some carbome nnhydrase actrty On the
bass of matersal from three pregnant pigs the activities of
carbonic anhydrase may be gnen as foctal Judney +++,
choriogllantoic membrane 4+, allantoc flmd + It s
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the magor orzame acd constituent of the unne which 18 ed 1m-
mednsti)y afier birth 1o sddition, unne passed duting the ficst, 24
tours of Bie contams malie acidy giycole, lactio, B by droxy butyme,
succune, and o hetoglutanie sads, byt not aconitic aerd  With thig
method ope can deteet 8 muraum of 20 g1 of each of these organic
aculs,

Adolph s there any appreciable secumulation ol organte acds in the
newborn qunng the first weeh of el At tusstage the tadsndust s veny
msensitive to the hydrogen ion concentration changes a8 far as the
breathing d and Iwag whetheritisalse
2 far 25 exeretion 18 concerned

Zreymuller We are now working on the detection and jdentification
of the 0rgamie acids found 1n the unne of normal bewbom bapies, and the
next problen will be ta ulentify thase found in the urme of hypoxsemic
newborn babzes

hamonzn Thd you find any pyTuvate or dots 3t tome vut with ths
method?

Ziregmuller We have not fousd o pyTuvie acid spot, but we hate not
B Py

it aad to the unine $0 we do not know exactly where the
qut shoutd a(;pear on the paper
4 "

arconen that d of pyruvate has been
fownd duning the first few days of hfe (Taligust, H (1032} Thess,
Ilameentinna)

Ziveymuller There 13 an soteresting paper about some work on the
output of organie acds m potassium depletion 1 which PyTuvie nad
factic anid a ketoglutanc seid and itne acd were estimated, but thiy
35 dont on normat adalts (Evans ¢ af {1957) Cin Sz, 16,

Fonrman ‘The hydrogen 10n m the allaniore sac must come from some
where 1t cannot be mapufactured It must come 1 the end from the
mm ;t\d smcf} she ;‘&mmt wanufactore the hydrogen 10h 3 must

come from
s mm{r p’g; er diet  So what happens if you feed alkali to

I‘nddcsrm Vte have nat tned that.

o ll{:ne It 33 well shown 1n your poper Pr Widdowson, how the new
b m" saby eopes With its novmal environment ¥ watld agree that the
hﬁm?&?d level especially that of titrate, 1s preporttonally much
Vigher than 1n the adult  Obwvioushs 1 assessing the effictency of the
m“m)t h;\‘nxrm"“m\) 1 exereting an sesd toad, one must grve 1 S maxi~
mthmmnm{’e snd Ahough 1 see the difficultres of thus i human experr.
—anon 3t would be extremely mteresting to do tlus fa the newborn
P, :r: sﬂl’;‘m 1o be two separate aspects of exeretian of 20vd by the
Pk e 18 the ability of the kidney to excrete & maxwium smount of
RASHC M‘ﬁg(ﬁ; 4;? and clearly that can only be assessed by givng s
Nvpared newd load, The other s the sbilty of the bidaey {0 muntan
o vfnﬂg:::}‘xmt between unne and plasma, i other words the
having date u wh;t:::a‘, unnary pil ¥ would be very interested m
"""“mum PIL ot “"memm:x;‘xx‘!‘! ox; :‘duu urine IS surular to the
nerease on prolonged aerd gestion er the ammonia excretion ean
proportionally to that of the adulr,
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DISCUSSION
. Zueymulller‘ The l'dcnullcuhon of organic aeids 1 unne by papes

Nordmann and co-worhefs (1954 C.R. dcad Scv, Pans, 238, 2359),
and Tig 1 demonstrates the position on a two-dimenstonal descending
chromatogram of some non volatile, water soluble orgame acids which

Y

o

HCOOH-H30 >

(D
@eg

Ao
&
©

£350)
D2, 05 10
Et OH-NH3-H0 —> A
Yia 1 (Zweymiller) The position of some organic
actds in the urme of a normal adult on a two dimen
sionn! descending chromatogram
C1 = Citric scid, Ta = Tartaric, Ma = Malie

Gly = Glycolic, a ce = a hetoplutarie, Su == Succinre,
Ac =Aconitic, Gl = Glutane 8 hy = g hydroxy-
butyric, La = Iactie, Hi = Hippurie

&

9

Pr OH~Cineole~

I

5

. o * 1w ml . Alamegenam
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3. P P G P
Jooroqe me ntranall Tas b oh anawm whe ahet heed 2t Lo
agections

McCance The Jower Linuts mught be due to the actmity of carbome
anhydrase having a ceing 1n the human kadney We know that if the
?irbccr‘\i\n anhydrase 15 defective the lowenng of pH 1s correspondingly
umute
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and finally whether this very large citrate output 1n the newborn shows
the same tremendous Jabihity to neid base effect s it does m the adult,
1n whom 1t ean be reduced by quite small doses of acid or ierensed by
nlkn}mlznnon. say by sodium Dicarbonate
-.!, 1dd'mLmn‘ We have not yet given an acid load to newhorn babres,
1 . . . I
. N L ' . .
LI " (L - N . i
The difliculty in an animal which 1s des cloping v ery rapdly 1s fo separate
the eﬂ"ccts os‘ several dn)s’r:\dmmlstmtmn of an nerd forming drug and
o ' . . D T -

altering the pH of the urine upon the exeretion of citrates 1n the newborn

aby.

Scribner We carried out some experiments in rats wlich 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 ertrate Jevel After intrn
peritoneal injection of eithe -
citrate increases 10- to 20 fol
ncreases $wo to threcfold 1
response to intraperitonenl

the blood level nises nearly 100 per cent, but there is hittle or no inerease
1 either hidney tissue citrate or unnary citrate  We concluded from
these esperiments that the level of citrate i the urine under these
conditions 15 determined by the citrate level in the renal tubular cell and
1s independent of the amount of aitrate filtered through the glomerulus

MecCance Dr Milne, what determines the lower hrmts of pII which
the human and other hidneys can achieve?

Malne. T think this can only be answered conditionally  Thirst, onc
must state the stimulus, and secondly one must state the conditions of
the hidney at that moment Ammonium chlonide has been used ns the
usual stimulus and I thimk no one has ever produced a pil of human
urine below 4 1 by that method, but other stimuli seem able to produce
& canstderably Jower pH  The expeniments of Schwartz, Jenson and
& Sener ¥ ot P st om2) el uad #l1e sl are thee infused

clearly,

» sttmu-
lus, and indced this agrees in the rat 1L 18 very amcwt Lo produce
» hghly acid unine 1n rats by most experiments W hen it is given
ammonium chloride the mt scems to be able to heep up with the am-
monium intake and puts out ammomum chloride in 1ts unne almost as
quickly as it is either injected or taken 1n the dnnking water But an
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deficiency as 1 musele, but they have
?;;‘i:f;;ﬁ] :\;‘n e earbonat and therefore p bl y
afallm lular pH  These exp ts have {mt, as far os

posstly greater ©

St Ahe mstolog!

cal structure 1 Proi sYaitice s puiassium
Qehoonton mal mh B Toma ~ — .

sooking musele fibres s Prof Wallace s arumal than we see 1 the
Eneby wn fa 2T

v« anuns were presumed. to looh frayed and woebegone Sub
Sequent epenments showed that dietary defictencies and alterations
<ould produce sim lar ehanass »tha s B owde 4 Y0
of young
older anm
w ihe yo
sesult of o e
taste questions of what 15 adequate nutntion of & cell and how can
1t be mamtaumed

Wallace Whatss ) 1and whnt o
quieyoung whie ' *

Tomen
when 1 talk of an
least 13 at a0 age
. W alllax: Soung
ogieal changes wu luusue  Lhese changes can be almo;
completely reversed wn as hittle as 36-48 howrs after potassmxs:
;dm&msmmm The tesions M cardiae muscle do not show this
}mf" '!’("f‘ of healng Tt would be mteresting to see 1f 3 our old rats
Wt e e e D ey o iy entoned
than do the young anes * repamr p y more slowly
SomxO—rrmy

RN
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TWalace 1 should Ihe to present a problem that anses when one
attempts to interpret chernien) analysis of tissues from deficient
ammals m terms of lustologienl appearance  Sheletal muscle taken
from potasstum defictent is 15 Jow 1 pot Jugh m sodmm,
Ingh 1 1ts content of basie nmino atids and probably lon m biear
bonate content Yvhen the muscle 1s examuned tstologieally one
sees apparently normal cells fy ing side by side wath grossly abnormal
cells  Wiach cells for the ck 1 abrormahittes? T have
wondered if 8 cc}l can tolerate any defiest at nll Possibly, for theeell,
’_,t 1s an all or none phenomenon  Does a tissue as a whole become

tnasort of q n fashion cell by cell rather than by an
over all shared process by all of the cells? 1s it not necessary to get
down to o truly celiular fevel to further our understanding?

Fouranan Mav Indd to Prof Wallace s problem? The hedney and
the henrt show the morphologienl changes of 1 deficiency
before the other issues T hese 1o bissues when they are analysedin
ammals that have been made deficient i potassium do not as a rule
show chemical ovidenee of potassium deficiency 1 suppose they doif
you carty the deficiency far enough but as a rule they do not Tt has
always been o puzzle to me why two tissues that have a normal
potassium content are the first tissues to show a potassmm abnor
mality These two tissues are also ones that never rest m the way
muscies do and one wonders whethier the fact that thew function
requires the mamtenance of s nonmal potasstm content with the
demand on the metabolte energy of the cell that this entails carnes
the seeds of their own destruction

Viallace The analyses of Orent hesles nnd VicCollum do show
defierts of potasstam m cardiac muscle taken from defioent rats (1841
J bl Chem 148, 837) owever most workers hasve not shown
the same thing

Black Jean Ohver and co worhers (3057 J exp Med 106, 583)
heve done work on the localzation of the morphol 1 defeet 1
the k of tepleted anmnals and this scems to be
hmncd.r to the proumal and the eollecting tubules Dr Iourmonas
daffieulty may not be 5o real of the lesion 15 as sharply Jocnhzed ps
that With snalyss of the whole ldney that may just be s fatlure
10 deteet n limuted local deficieney of potassium

Aline Part of the difficulty may be this s not the ncerosis or
degenertion m the cetl possibly due to the fall i mtraceffulor pH
not prernanly to potassium defictency 7 1 ngree that hidney analyses

223
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hey have
Bave not shown a potassium defictency s 1 muscle, bat §!

shown & £all 3 10tracellular bicarbonate, and therefore presumably
DAM o e MY LT TV oAb T + ne farne T

sibly greater
w;‘our};wg:f Ves, ualess you think as T did, that the fall in mira-
oclular pHL 15 & sesult of the fall n intracellular potassiura

U lag Tument = Vo B2 e man wa meeadt
fuss prepared from our material, wiich show 2 reduction 1 potas
s eontent of the total muscle mass  There were fesver nice
Todking muscle fitres w Prof Wallace's anmal than we see m the
et T or o

o there was quite a flurry sbout the electron microscopic studies
of mitochondna  In such pictures the mutochondna from cells of
old anumals were presumed to look frayed and woebegone Sub
sequent expeniments showed that dietary defictencres and alterations
04 produce sumlar changes m the mitochondna taken from cells
of young snumals  §€ the few cellulas chawges we can obserie
oldez mmmals ean be produced b t and dietary al

W the young ones, 1t 1s possible that these ‘age changes’ are the
result of chronie malnutnition of the cells This brings us to the

??Sl: guae‘s“tg&s ét what 1s adequate nutniion of a cell, and how can

Wallace ¥Whatis old and what s yes no? Tasia~ 203 77
quite your . .
Shocy

when 1 ta
lca;‘t txat

allsce + o Lpws wmade poassam-dehctent do show

m

l&gml changes W dieletsl proscle These changes o be :)?;I;:t
mr:p]ctely resersed . as hitle a5 8648 hours after potassmm
mm‘;n:slm:\(n:\\ The Yesions i cardize muscle do not show ths
v 3’1: . edlmg L would be interesting to see 1f yous od rats
Wt o cram '\; r:ky:u: u't‘mknr Thngerty h:lscaln-ady mentioned

do the youns ses AT P more slowly

Jassomtrog
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Kennedy+ Mormson 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 uren,
ereatinine and potassium than a young one of comparable weight
So there 15 a state of meipient pot defieiency  We have also

Frnn T A nb 41 a ndununle nmn s m a1l etk Tasen o #) aca ald rate

. "
" . [ . 1
al , (1952).J. Geront ,7,351; Bogdonofl et al , (1954, 1954) J. Geront ,
8, 272; 9, 262, Wathin ¢t al, (1955) J., Geron? , 10, 268) We eonsts
tently found that the older individuals, when given good protemin-
takes that resulted mn positn ¢ mitrogen balances, retained potassium
1n exeess of the theoretical amount required for the mtrogen retained
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 himself into a potassium deficrency if gnen the opportunity.
Black. Is not some of our difliculty here due to the inntations of
morphology? If we take as our critenia of morphological ehange Ulf

. \

s

how we can expect morphology to decide its actiology

T'albot \When you use the term ‘potassum deficient’, Prof
Wallace, do y ou wish us to think sunultancously about the correlated
fact of the cellular sodium execess? Cellular sodhum intosreation may
actually be the provocative factor under some cireumstances

Wallace Sodium excess 1s ustally n coroilary but not alnays Some
caton, 1t would seem, must replace the defieit  Basie amino acids
hate been shown to increase i potassium deficient tissues as well as
sodium

Talbot We have Just done some expennments where the absolute
. I Sk m h e ke & muameab

ant 4l as coamin

- u higub i ou nuuly e g

by your wark (Comay, 2 J,
and Hingerty, D J. (1038) Hiochem J', 42, 372) Unlihe you we
found that sodium was lost simuitancously with a gun of nuscle
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tassum to > -

‘(?!155) An bl 3
Sayer T

and other ¢

basts or rau

fnBE s
the frue sex . nnusogens and oestrogesss, of

10 of . - Lwo Sex hornones, or 15 1t w fact due to some
!ct}lxi:ctcmhc “whoch depends npon the presence of ene X or two
{ chromosomes?

Rennedy 1t 15 probably somethung to do with species, but the
Qillerences in size and growth between the castrate cockerel and the
rastrake hen, and the same sart of thing 1 male and femnle castrate
rats, are very well known, and there 1s obvioushy a genetie difference
wn the subsequent betmviour of the peonatal exstrate Some of the
early theories of ageny depended on body suze, and one wonders how
wuch setual size, or organ dey elopment and growth as such, rather
than sex atone affects the matter The hadney of the male castzate
rat, even though 1t 15 castrated very young, s 2 much higger organ
and in some sepses therefore, 1s a mere developed or older vrgan than
thatof o femalerat Purcly stractural factors may determine some of
the differences 1n shat T think you call end-organ responsi eness

Swyer Y5 costration exen shortly after birth early enough? After
alt the foetal testss has a xery amportant vdle to play and mntra
utenne castratton pught asod thus difficulty

Desaulles "That mught possibly be hielplul 1 determuming the role
of the X zome Xt 1s hard to magme how the nterrelationstup be-
tween prwitary adrenals and gonads acts just at the begnmng of
hfe 1n the anymal °

Uitne ¥s the vontrol to the castrate male a spayed femate?

Desaulles: They are quite different~that 1 the annoying poant

Aennedy When he discussed resal function Dr Shoeld pointed out
that there was some sumlanty between the old and the young hd
neys in thewr mabity th sustatn water diuresisand soon T6hes been
shown (Smuth, H (1951) The Kidney , Structure and Function n
Healthand Disease New Yorh Oxford Unwevstty Press) thataf you
tahe an animal of yntermediate age and remos 2 one of 1ts kidneys ang
half the other then the imtial response, at least, 158 great damnution
w water dwresis which may take four weehs to be restored to about
two-thnds normal Thus may suggest that the penod during which.
1he majar changes v the newborn develop 15 durng the unfold: ng of
the anlage of the ladney, senescence i most ammals that have been
studied sumalarly snvolies aloss of structural units So agam, sumpl,
the amount of end organ which 15 there may be the lmpattan‘t t}n}l)z 4
apart eltogether from what, s coled Ahe erdecnne himate &
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Kennedy+ Mornson and Gordon (1957. Fed Proc., 16, 366, al
personal commumention) have reported that a 24 month old 1
starved of food but not water for 24 hours loses far more ur
crentimne and potassium than a young one of comparable weig!
So thers 1¢ n ctnbn af  am ~r o & o e g
found .

Shoc it
ata N

Taar "L L L I .
tently tound that the older indis tduals, when grsen good protemn:
takes that resulted in posttin ¢ nitrogen balances, retained potassiu
mexeessof 3t~ s Y w ' e

A good deal '

errors, but .

work himself into a potassium deficrency 1if given the opportumty

Blach s not some of our difficulty here due to the hmutations ¢
morphology ? If we take as our enteria of morphological change th
fact that the tissuc ‘looks bad’ or looks moth caten’, then wearena
going to get anywhere n deerding the eause of this change Youea
hardly expect a cell to have a signpost saying *T am too old’, or*
QM jAbnee s Taln me) e 16 " . T
how .

Ta W% . . . "
Wallace, do y ou wish us to think simultancously about the correlatec
fact of the cellular sodium excess? Cellular sodium ntoxieation ma
actually be the provocative factor under some cireumstances

Wallace. Sodium excess 15 usually a corollary but notalnays Some
cation, 1t would scem, must replace the defirt  Basic amino actd
hay e been shown to increase in potnssium deficient tissues as well o<
sodium
, Talbof We have Just done some experiments where the absolute

had eellular sodium intoxieation that show ed all the symptoms com
monly considered charnctersstic of marked potassiunt deficiency

Mingerty Prof Wallace, when y ot restored the potassum, morpho
N * ' * ' 'rnghtm 30 hours Didyou

our work (Conway, £ J,
42, 372) Unbhe you we
jound that sodium was Jost simusaneously with & gamn of musele
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Tue hadrey ts the first line of defence in mamtawing appro
priste eontentrations of water and electrolytes mn the nternal
environment of alt the cells i the body  Although there are
other avenues through which salts and water may be lost
from the body, and other factors whath may enter into the
regulation of concentrations in local areus, it 15 the kidney
which carries the major burden of electrolyte and water
regalation  The kndney responds to a roultitude of stumuls and
15 blessed with large yeserve capacittes 16 1s the purpose of
tns report to desenbe bnefly some of our findings with
regard to age changes 1o renal function, to discuss the possible
mechamsms of these changes and to discuss their relation to
the mammteninee of certawn physological constants i the
aged

In order for the hidney to serve its functions of regulating
nater and electrotyte cancentrations, as well as the volume of
extracellular fud, blood must be deliv ered to 1t 1 adeguate
amounts plomerular filtrate must be formed, snd the tubylar

celis must selecinvely reabsorb and exercte substances
accordance with & vanety of

stunuh to which the kadney must
respond  The appl of cl tech

p ques males 1t
possible ta assess the nature of age changes m diserete venal
functions The studies to be reparted ase based on ambulatory
male subjects between the ages of 20 and 90 Yyears who were
faund to be free from chmeal endence of renal disease as
ndged by clinieal Iaboratory tests and medieal huistory. A}
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Adolph* Twish the structural preture agreed sowell with the physios
logical response to water Joading First of all, when you tahe out
onc hidney from, say, & nuddle aged rat, you do not reduce the water
diuresis much—it 1s more often a reduction of 20 per cent than of 50

avarlable, as far as anatomical studies show, 1s about 50 per cent of
that in the adult, and y et the duresis may only be 10 per cent of the
adult’s, As the diresis develops in wtensity with age, it gets ‘fnr

s e d A& Famt el

Ve “81 e 1 el T aefemeaila Lavalaanmeactred,

- m

' . ms

. . " ey vy nargy fmer
. oo, n

. .
clearances

Desaulles Whenal pl smuzed ammal 1s submitted, eight

or ten drys after operation, to a physiologieal saline load lnl"nb‘aut

P A 3 R - AV ap

' .- ’

HER LIy 21 meme S afenl fac narnant mn

Is gnen out
-

yolume whieh damages certain nephrons n several dillerent ways

The resulting morphology may be sery varous but the functional
. oo S Ve Tneenl s mmea ale et g farlure

~tioning
. re night

. hl b
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Although there s a sub;!anga\h\\rar;::ﬁ;‘\c:‘t::tm subjects at
mﬁ;\:; 3“22,23'132?2 gll;m::ixlir filtration rate, as measured
by stapdsrd mulin clearance, 15 shown 1 Fig 2 The mtgll::
stan of (mahin clearance with age1s expressed by the equal )

Cl =158 2 -~ 0 90 X age (in years) The average dechne
over the age span 20-D0 years was 46 per cent 3n this nstance ks

e Fas IRaten e e
.

“e
w
el
g
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Ze
&
S e
£
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=3
273
Z0
gve I
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Jomidim 1. L L 4
o LIRS

5
®w M H» W
AGE-YEARS

Fic ¢ Chanpe 1 atagdard wnadm clearance or glomerular filtration
rate withiage Qe average values mh filtratefoun.)) “lsg m
body surlace ares.

{From Shock 1952)

The fall in glomerular flitration rate ss closely assomated with
he fall in plasma flow so that the filtration fraction, calculated
s ratio of mnulm c} to the diod if , shows
only & shght increase mith age (Fig 3}

¢ Innd fereat scenp

e of subjeets 0 whorg renal plastna flaw wos ests
‘..ml"'._,. l‘ MI (p-aminchsppune aerd dlearsnce {Wathin and Shn:ic 18753 tha

»
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subjects were selected only after » thorough history and physi-
cal esamination which eveluded recent or remote renal
diseases, cerebrovascular accidents, coronary artery disease,
syphilitic or rheumatic heart discase, hypertension, or any
recent alterations in body weight. All tests were carried out
under basal conditions and subjects were hydrated with 800-
800 ml. water, given orally 1-2 hours before the test, and
200 ml. water were given at half hour mtervals during the

L T T 7 T 7

| T D P |

.
-

STANDARD [HODRAST CLEARANCE
CCPLASHA/MINL/ 173 2
¥ g8
l‘l{l—r‘llll[“lil
.
139

8

Ly f—L L ] L Il L t
0 20 30 40 50 € n -1 %0
AGE-YEARS

. 1 Change in standard diodrast clearance or effective renal
plismn flow with age  O————Q nverage values ml plasma/min |
1 735q m body surface aren
(From Shock 1932)

test. The constant infusion method was followed, and four
clearance and four Tm perods of 10-14 mumutes cach were
taken according to the method of Smith, Goldring and Chass
(1938). Ihg. 1 shous the nge change i effectis e renal plasma
flow as estimated from diodrast clearance (Shoch, 1052)
Between the ages of 20 and 90 3 cars there was a dechine m the
cffective rennl plasma flow amounting to approximately 53
per cent. The regression equation relating the <hodrast
clearance ta age 1s* Cly =530 — G 3§ x age {m )ears).
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e maxmum capaaty of the renal tubule to evcrete
dxo’x('i’iast alse dmumls,hes )mch age Tz 4 illustrates the
results of this test m the subjects studied The average
diodrast Tin fell from 54 6 to 80 8 mg 10dme/t 73 m ¥mmn
between the ages of 20 and 90 years This represents a reduc
tionof 43 Spercent The regression equation relating diodrast

T T T T

409 .
-
3
un 300, 1
el
§:’
N
°Z 200 T
33
Fo
H
00, -~
2029 3039 4049 5059 6263 1075 50-05
AGE m YEARS
F1o & Decrense

restsomtve capacity with

drawn to wnne:t the mean vnluS: fo¥ each
resent

e e £ &eﬁng ggo&:lbﬂd&rﬂ errar of the

tsof
Qeviation of the distribyt olL° 3 one standard

(From 3ilier MeDonald and Shock 1902)

mean while the o

Tm to age s Ty, = 86

2 >=00 7 ~0 40 x age (1n years)* The
r:nbsurpme eapacity of the tenal tubular epithellum for
ghucosc also shows a comparable dinunution with age, as
iﬂg\m "m Fig 5 'The aversge glucose T fell from 828 to
=2 mg glucoseft 73m ¥ between the ages of 30 and
M' The nax mum SXCTI0TY capac ty for PAY shows the fol;

85 Trrx w120 6~ Q 5o Pge (Watkia and Shock Togap o
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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 at;te::)‘::gt:o& r{)&e
M EX

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
OQORAST CLEARANCE #UNIT O
o

20 30 a0 50 & 7 80

AGE IV vEARS

g ¥ Change in effective renal plasma flow per nuit of diodrast Tm
~—~—Q average values

(From Shock 19.42)

50

Other expenments have shosm that the reduchion of
effective renal plasma flow 1 the aged cannot be aseribed
to permanent struetyra) changes 1n the renal vaseular bed
{(MeDonald, Selomon and Shos)

h, 1951} Presious studies have
shown that the admiustration

of a Pyrogen to young people
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90 years The regression equationis Trmg = 432 § —2 604 X
age (in years) The maximum eapaaity for both o renbsorptive
and excretory mechamism 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 (I'tg 6) Tins
finding lends support to the hypothesis that n nephron loses
1ts function as o umt  In contrast, the diodrast clearance per

T T T T T T T T T T
- . |
al-
ol

INULIN CLEARANCE ZUNIT OF DIODRAST Tm

- 1
SV IS TN NN U AT NN NS WO A U SN I
10 20 a0 40 50 80 10 80 00
AGE YEARS

Fic ¢ Change in rate of glomerulr filtration per unit of dolrast Tm
O QO average val ies

{Irom Shoch I0.2)

untt of Tm decreases from an average value of 12 6 at age
80-39 to 0 7 at age 80-89 (Fig 7) This steady dechine 1n the
effectise renal plasma flow per umit of subnlar cxcretory
enpacity indicates that the average amount of blood delvered
to each tubule, and by tmplieation each nephron dechnes with
age Since we have been able to demonstrate a significant
reduetion in resting cardinc output with age (Brandfonbrener,
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a
average of 20 subjects 10 each age group are shown X‘_w
From the three eury es st the potte

KRN

.. wuett of the pyregen in
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ens
173 5Q My

WNITES
Fic ©# Changes n plomerulsr filtration rate {Cla)
etfective temal plasmo Row (Cran) obd fltsshon
fraction durmg the pyrogen reaction.  Fifty pullion
alled typ! old orgaeusms were infected intravenousty
a0 Q3 mean wnlues for 14 subjects
aped "O8s yean (O group)  A———p
alyes for 20 subjects aged $0-65 yeass (M
Q@ ——@ Tuean values for 20 subyeets ag
yrass {1 group)
{From 3fcDonald Salomon gnd Shotk 1041}

mean
RN'-'P)Q

esther the young meddle, or old subjects The three curtesin
the eentre of the graph show clearly that, beginning about €6
mmnntes after the admsnistration of the pyrogen, these was a
sloW contnueus rse 1 renad plasma flow s all groups of sub

jects  Afthough the mean absolute increases were greater for
the young thas fot Y O TOUD, Whtre MCTEmnents were
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results in a marked increase in effective renal plasma flow. In
order to assess age changes in the ability of the renal vaseular
bed to dilate, glomerular filtration rate and renal plasma flow

80 T T T T T T T
ror b
o .
E -
y 6o * . K
g .
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y Sor 1
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]
% 4ol 1
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3o 1
2o} E
IR S WU SIS ST DENUITNUNN ST SR SR
20 30 40 50 60 70 80 30
Age yeors

TG, B. Stroke output per sq m. surface aren versus age. Iach polnt

represents the average of two mensurements in 40 subjects, of three

mensurements In four subjects, and o single measurement in 13 subjecte
The Lne indicates the simple linenr regression for the data,

(From: Drandfonbrener, Landowne and Shock, 1035).

were measured in young, middle-nged, and old subjects
following the intravenous administration of 50,000,000
Killed typhoaid organisms (0-5 ml. typhoid-paratyphoid A and
B vaceine). The results of these experiments, based on the
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ows, oral flwd intake was supplemented by the miravenous
g&ms\;\xstram:\ of 5 per cent dextrose m distilled water,
whieh appropriate quantities of mulin and sodium srr;)lno
Iippurate had been added at the rate of & mi/mmn by a
constant 1mfusion pump Twenty nue edult males, ranging
i age from 26 to 86 years, served as subjects The total
sample was atbitranly divided wnto three age groups young
{no =9, agetange from 26-45) muddle (oo = 10, age range
from 46-63) and old (no = 10, age range from 66-86) After
three contro} collection periods, 0 05 mulhumnits pitressinf/hg
body weight was admmustered intrayenously Subsequently,
six ve urne , each of 12 tes duration,
weve made During the control pertods, the average urme
flow for the young subjects was approvmately 14 1l from ,
middle aged 11 ml fmun and old subjects, 10 ml fmm  The
urme/plasma (U/P} wmubn ratio was calculated as an mdex
of water reabsorption The results of thuis experiment are
shown 1 Fig 10, where the U/P mubn ratio was plotted
agmnst the umne collection penod  Dunng the control
perods the U/P inubim ratwos were approximately 10 for all
three age groups  Following the admunsstration. of piteesais,
prompt antidwrests was noted 1n all three groups Peak
d ond peak 10n of mulm were observed m
all theee age groups during thus perod which was 12-2¢
munutes after pitressin - As indscated m Fag 10, there was a
marked age duif 1w the antid 1¢ resp to this
standard stimulus The young subjects showed the max
mum response and the old subjeets showed the mmmum
In Fig 11 the v +
tubular resp
1s shown €

ey y s, and The regres
s10n of the concentration on age was desenbed as U/P mubn =
"

162 —16 Xnge (in years)  Although the admumstered
pitressin resulted 1n a nse of blood pressure, 1t averaged only
}:!v‘;m ;t 'tl;u mautes after imyection and f2ll to control

€ls within five minutes T\\ese € niments nd;

tn the older individual o et o

there s an mnpurment 1 the
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expressed as percentages of the base Ime values, the rise m
renal blood flow for the young, nuddle, and old groups was
76, 86, and 91 per cent respectivcly. As shown by the upper
three curves, the filtration fraction dunmshed marthedly m
all subjeets, mdicating o fall m effective filtration pressure,
wihteh vould result from & greater vasodiatation at the
efferent than at the afferent side of the glomerulus if there
were no change w blood pressure  Actually, the dmstohe
blood pressure dropped shghtly mn the muddle and old groups,
but remamed constant throughout the reaction m the young
group At the height of the reaction the differences m the
filtration fraction, observed wnder resting condihons, com
pletely disappeared  The smnll absolute changes m renal
plasma flow mn the older subjeets, following pyrogen, are
consistent with the anatomienl findimgs of a progressne
decrease m the number of glomerult wn the aged Lidney
{Moore, 1951} On the other hand, the time of onset and the
percentage wicrease i renal plasma flow were smular m the
different age groups Lonsequently, 3t must be concluded
that the responsiseness to pyrogen of the vascular clements
remamung 10 the aged hidney 1s not quabtatnely different
from that w the voung hidney It sy nferred from these
expertments that the renal arterioles m the aged hidney are
capable of diloting, and that m the restmg state there s 8
functional vasocomtriction of the afferent arterioles m the
aged which, under resting conditions diverts blood from the
jadney to other pasts of the arculation

To function effectnely the hidney must respond to o
vanety of stumuls  One of the most important signals for
altening the reabsorption of water by the renal tubule s the
anbidiaretic hormone  Age (iffirences m the uhubiton of
water dwresss, following the mtrivenous adnumstration of
small amounts of pitressin, have been observed (Mhifler and
Shoch, 1953). In these eiperiments o mavunum water
diuresis was establishied by the oral admmstration of 500 mi
water at 6.00 a.m., followed by 250 ml water at half hour m
teryals until completson of the test “fo cnsure moximumutine
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I the falling cordiac output  This vasoconstniction 15 fune
«onal 1n character and can be removed by an appropnate
hysiologieal stimulus  Altbough the tubular cpithehum
responds to the stmulus of the antidiuretic hormone as
quekly n the old as 1n the young, the functional capaeity of
the tubular epithehum to perform osmottc work shaws a
gradual reduction with age

20T T T T m
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g ;mmz«nmmumumhmtom;pnmm

mean UJP ratio for perrods 5 snd 8.
{From Miller and Shock 1823} P *

m;;‘s‘nhongh these expeniments serve to define certan hmits
b tn renal function with wereasing age, we must turn to
t ier obseryations to tell us how effeetive tha ~v 23 1

N B = luere 1s no evidence of an
:‘;csgmnges with ape Although Videbaek and Aiks:l,’it:l:ln
iy :cs:ksd o shght nise plasma potassium concentra
meequun 1, between the ages of 25 and 90, the
g
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functional capnerties of the tubular cells to perform osmotic
work on the glomerular fitrate

The results of these observations lead to the concept that,
with mereasing age, there s a gradunl loss of nephrons m the
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Tio 30 Mcan values of U/ wuho ratio for ench of

three age groups before and afler the fntrarenous & 1

mmstration of pittessin Urnine collection periods 1-9

zepresent n ne conseeutive 12 minute pertody  Putressin

nos edministencd famme Hately after 8 e conel aion of
period 3

(I rom Miller end Shoch 10353)

ladney In addibon to thesc structurnl losses there are
functionnl changes  One of these 1 n gradual merease sn the
vasoconstriction of the vaseulwr bed of the hdney winch
further reduces the flon of bleod through it, even in the fice
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Alving {1038) found some evidence that with inereasing age
there 1s an accumulation of urea mirogen i the blood Thewr
data show a shght nise m the fifth decade, but no significant
change dunng-the sixth and seventh decades, with s rather
sharp inerease after the 70th year Most of the total nse from
a mean of 12 9 mg urea Nf160 ml blood mn the 8040 age

(From Cohn and Shoek 1949

£roup to a mean of 2Y 2 my e

“ = t 11 the §5-,
oceurred aff g Sy bar cen 89 year olds
potteibinh '_":“’e"gtof 70 Yt therefore anpears that haen
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trend was not statistically significant. The other mrjor
clectrolytes, sodum and chionde, do not show any age trend
(de Bullis, 1954; Herbewval, Cuny and Manciauv, 1954; Lipp
and Malerba, 1955) In our own Inboratory we hat e found no
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AR AGE

Y16 12 Treends i the acid buie equihibrium of the
blood of males with wncrenuing age  Aterage cunes
from top to bottom wclude pereentage of red cells
serum pil at 89° enrbon dioxide tepsion expresved
n mailimetres of mereury  seram ncarbonate and
Liood carbion dhovide content hoth expressed in mith
moles per itre The sertwend fines ihieate 3 one
standarsd orror of the tmean Data {or she 25 year de
tnken from  Hamilton and Shock (3476)

(Lrom Shock and % engst, 1850

systemntic age changes in the total osmotse pressure of the
p.lnsmn or its water content  The bicarbonate content of the
plasma and the pII do not show signuficant nge trends (Shock
and Yiengst, 1950) Thes, under binsal conditions the hdney
is able to regulate the sexd base equbbnum of the body
adequately, cven to advaneed ages (Fi 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 dally doses of 3 5w equat. smROmGM <blondelke,

ly ht/day were tered to normal subjects for
PN va N .
" .
.

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 ability of
the mdividual to regulate plasma and extracellular flmd

+ Cavuuclion an giserete renal Junctions with age, the kidney
retans swiioent eapaoity to regulate both concentrations and
volumes faely closely under conditions of rest However,
1 displ: are produced, age differ~

ences in the speed of readjustment appear
There are oby 1ously many other questions, such as age dif-
ferences in glomerujar permeability and the actraty of speaific
icllu,lur enzymes W the haduey, which reman mmnanewaens
* €

when

- T oot L totad ony gen uptahe for hadm
tssue between the ages of 22 ’ it
Lt a

and 24 months in the rat, these

when an {
7 pprop or cell
number 35 introduced There are, however, some specthio
enzymes suchoce - - 5 2
why
tion -

It o

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 &

24 F‘fr"r T T T T T
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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 estwanted by thoeyanate deternunations (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 hne found that a smple dose of
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- LR}

oht hours, following & single dose of 10 g ol alutwuran
f:‘i:\unde, whereas lhegolder subjects require as much as 24-36
hours for the process (Shock and Yiengst, 1918) 3““’“
Tepented datly doses of 1 5 m equy. ammonum clloru :[‘;g
body wesghtjday were admimstered to normal subjects for
411 days, readqustment of the acid hase equulibnumt oceurred
withun § 7 days 3n the young subjects, but the aged subjects
(85~73 years) were unable to attawn equilibnum \mde'r this
\usdl of smmonrem chionde (Hilton, Goodbody and Kruest,
1055) 1t was also found that the degree of n‘:citabfhc :lCldo'ﬂs
. ala
the ndndudl to regulate Plasma aod eximeelalar Sad
volume following the 1mposition of an oncotie Joad.

Thus, the evidence now avariable mdicates that in spite of
the reduction in diserete renal functions with age, the kudrey
retmns suffictent capacity to regulate both concentrations and
solumes famly closely under conditions of rest. Xowever,
when exy nta} dhspl are produced, age differ-
ences 19 the speed of readjustment appear

There are obviously many other questions, such as age &if
ferences in glomerular permeabsbity and the actinty of specifie
cellular enzymes i the hidney, which remamr unsnswered.
Studies on ecllylar cnzymes are now m progress 1 our Jabora-
tory, using the rat bs an expenimental anmmal  Although we
bave found a reduction 1 the total oxy gen uptske for hidney
tissue betw een the ages of 12 and 24 months 1 the rat, these
dilferences drsappear when an appropnate eorrection for cell
number 18 wntroduced  There are, however, some specific
enzymes, such as succinovidase, whach show an age reduction
which 15 apparently not dependent on the number of func
tiontng eclls in the Lidney preparation {Barrows ef a? , 1057},
U1 our aim to extend these obsersations 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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individual i the re~-'« -=* -
toa speaific gravity - . . " !
Alwving (1938, Amer i, H § -
levels m 100 subjects aged 20 to 8§0. They found lttle increment in
blood urea up to the age of about 70, but from 70 on it does increase in
their data.

T ..

: [N e [
P . o . : "
v ] I A
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

point to a diversion of blood from the hidneys due to this Insuflleient
the cardiac output results that T showed you in the aycrage cune were
not det: 1 on the same subji as the renal 3. ¥We are now
measuring cardiac output and renal function in the same subjects sumul-
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Renat growth and regeneration

Both the tentatne and the defimtive foetal tadneys
dervelop from mesoderm, in mtimate relation with the gonads
So 1t 15 not altogether surpnsing that the adult Liudney
resembles the other transient tissues and ats hfe eyele 1s not
completely synchronous with that of the rest of the body
(Kennedy, 1957) It would be disastrous to a species, of
course, il hidney and body got too far out of step, but any
tendency for this to happen durng reproductive hfe would
be prevented by natural selection  There 15 some evidence,
however, that the hidney atrophies after the chmactenc, and
1 some speeies such as the rat this may it Ife

Most mammals develop their full eomplement 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 eclls and later by hypertrophy of existing ones When &
ot 15 sbout six months old or 2 man about 30 years, the
number of glomerult 1n therr hidneys begins to decrease, and
tt may {all4o half the young adult +alue, without pathologreal
change, by eighteen months old 1n the rat or sexventy years m
the man {\ratals 1996, Moore, 1931, Roessle and Roolet,
1932) Moore and Hellman (1980} show ed that removing one
Lidsey froma rat did not slow down the loss of Aephrons from
the other so that iy olution of the kidney 15 an even mare
:lr:d‘.?i l‘r‘:css than that of the ovary, where removal of one

ORS Tha g
/uikcrmun. mé'l\;n loss of ouey tes from the otber {Mandl and

Nowadays chemreal analvsis ean be used to supplemen
l“l‘:::"h‘.!_‘h“\ de*ermimng the number and size of thepcills m :i

“ e This s because one of the two forms of nuclete acids 1
el \!l deoxynibonuclae seid o DNA 1s confined to the nucler
» lxc aume eugaests Woought o e, while the other, nbo‘
nuelsse acid or RN, 15 distnbuted with the bulk :)f th
r;:x{n{n:;;' dpmtcm throughout the eytoplasm  So if D\IA‘:

the gmwll?r:r‘c.;“(,::c determumned ot different, stages dunng
e, 116 possible to distingmsh between
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Introduction

SENESCENCE has sometimes been deseribed as o detertora
tion 1n homeostasts Dr Shoch showed us that the deteriora
tion may be due to farhng renal function, and this reopens an
old question of whether the Ridney cells themselves are less
able to do their work 1n 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 in old
people 1n whom they were unsuspected during hfe  Olver
(1042} reviewed the controversy as to whether these lesions
onginate from a primary atrophy of the kiduey, or are merels
one of the results of generahized arterioselerosis e deeided
in fayour 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
pathologreal changes i the survnors, and some mdirect
ways m which this may happen will be suggested

One can raise objections to any theory of agemg The
major defect of the defimtion i terms of homcostasis, 1t seems
to the present author, 1s that the newborn ammal finds at just
as diflicult to mamtain a stable internal environment under
stress as does the semle one  An older defimtion by Yhnot
(1908), in more structural terms deseribed sencscence as the
gradual loss by dilferentiated cells, throughout Lfe, of the
abihity to grow and to regenerate Thisaden apphes espeetally

well to the hidney, as we shall see
2,0



Ack axp Rewai Disease 253

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 age o astsmtm w1 1T r e
w occastonal tubules,
tanapally the provum
regular, orderly growth of cells i young rats’ hidneys At
s age a 3ot of nephrons have alrcady 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
r‘““ helpful, beenuse the tubules are often blocked and
chtmnlcss and e3 entually become dilated by hyaline casts

8 ARC ancreases still further the hidneys become greatly
';‘h’g“l and granular m app , an 1
“h';)m:lm‘\ chronie intersitial fibrosts, generalized t:xbulai
M; IOI;X. and hyaline of fbrotie changes 1 the glomeruly
dm:;:‘cz e vessels  These lustologieal changes have been
Yoit mm‘;“d“lléu:lmtcd)more fully elsewhere (Kennedy,

> it terminal a
:":F_’m’“‘ patholomsts, but 5?1?5(??: ctcwims peen stadied o

ANTAR An g seenl 3

luy/) and s o8
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an incrense 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 hidney 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 regencration, however.
Rollason (1019) showed Iustologically that mitosis began in
the surviving hidney within forty-cight hours of untlateral
nephrectomy, whercas Mande), Mandel and Jacob (1930)

Table 1

THL I I3 ECT OF UNILATI RAL NI PURFCTOMY ON TRE COMPOSITION OF
THI' SURVIVING BIDNIY IN RATS AT DINFTRENT AGFS

Interval Total RNA ma
Ageat before Group mirogen  phasphorus  photphorus
Operation  Kilhing {mg per ~(mg.per  {mg per
kadney)  Aidney)  Mdney)
Control (not 1ns 0273 0 163
One Two operated)
Month Veeks Kidney 180 0 128 0213
ramosed
Three Six { Control 104 0 878 0 18)
Months Weehs hadney 29 3 0 183 02
1 remot e
Six Sie { Contenl 2 1 0 587 0 2%
Months Weeks Kidney Ho 0 717 0248
! removed

were unable to show any merease m kidney DNA even three
wechs after the snme operation, ‘The ifference apparently
depends on the age of the ammals. Table I sliustrates 8
comparison made by the present author of the effect of
unilateral nephrectomy on the composition of the surviving
Kidney 1 one-month, three-month and six-month old rats.
In the youngest group, wlich were nbout the same age as
Rollason used, there was a rapid mcerease in DNA phosphorus.
In the muddle group the DNA mnereased less than the RNA
and the mtrogen, and more slowly, as Mandel, Mande} and
Jacob had found. No hyperplasia at all occurred in 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 aneam = & v .

st Ul Webular chan,
after 10 vanmtl . r
in o«

usd .

Peglul, urerty growth of cells in young rats’ kidneys. At
thus age a lot of nephrons have already disappeared, but one
siould expect the surviving tubules ta compensate for their
‘;‘5‘3 Y hypertrophy rather than hyperplasia. Further, this
‘hyfen;lasm I ageng hidneys appears to be destructive rather
" belphd, because the tubules are often hlscked and
fr:cahunlecs and eventually become dilated by hyaline casts.
A8 age ing
entoge :;;a.xes stx‘ll fm‘)i the Lx(fn;y;; become gre:xt‘zy
:!}:l?t :how chrore nterstitial fibrosts, generalized t:;bu!ar
" alion, and hyaline or fibrotic changes 1 the glomeruh
;es q:};:;u“ vessels, ‘These histologieal changes have been
by ms_:;nd T‘iﬂusﬁmted more fully elsewhere (Kennedy,
““m;ml\i‘p‘a\ho; leimmal appearance has been studied by
enstomn ogusts, but smee no two agree on 2 morbid

t diomosis, the :
here. The tepmg chmn:: 12{:; need to add to the confusion

S erulonephntis !
D et (St and Kol 1043 gy
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ge will now be constdered. Ta rats Lilled
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an increase in nuelei, or hyperplasin, and an inercase of
cytoplasm, or hypertrophy. This method has shown that the
principal increase in the number of nuclei in the hidney of
the rat occurs during the first three months of life, pari passu
with the main growth of the sheleton, and this agrees well
with histological findings.

There is a conflict of evidence about regencration, however.
Rollason (1919} showed histologically that mrtosis began i
the surviving hidney within forty-cight hours of unilateral
nephrectomy, whercas Mandel, Mandel and Jacob (1950)

Table I

TUL 1 ITICT OF UNILATFRAL NI TIRFCTOMY ON THT COMPOSITION OF
THE SURVIVING RIDNEY 1N TUATS AT DIFFI R} NT AGFS

Interval Totat Nt Dyt
Ageal before Group nutrogen  phasphorus phospharut
Operation  Kalling (mg per (mg per (mg per
Lidney)  kadney)  hidney)
Control (not nasa 0 273 0 163
One Two operated)
Month Viechs Kidney 18 0 0 12t 0213
removed
Three Six i Control 10 3 0 3278 0 183
Months Weeks Iudney 29 4 0 588 0227
\ rmnoved
Slx Six ‘ Control ELI 0 597 0231
Months Veekhs Kidney Ho a Ty [URd 3
removed

were unable to show any crease m kidney DNA even three
weehs after the same operation. 1'he difference apparently
depends on the age of the anmls. Table I illustrates a
comparisen made by the present nuthor of the cffect of
unilateral nephrectomy on the composition of the surviving
Kidney 0 onc-month, three-month and six-month-old rats.
In the youngest group, wlich vwere about the same age as
Rollason used, there was a rapid mercase in DNA phosphorus.
In the middle group the DNA mcrcased less than the INA
and the nitrogen, and more slowly, as Mandel, Mandcd and
Jacob had found. No hyperphsin at all oceurred in the
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ily fed
adiposity and abnormal fat metabohsm  If the normal

méfo mt{ one hidney were to develop the same pathological
renal changes as the overfed rats with two, then 1t wondd be
reasonable to attnbute the Jesions to some effect associted

‘Table 11

WITH DVE
COMPQCTTION OF THE KSGNEYS OF OBESE RAYS OB OF RATS
EIDVEY REMOYED AT THREE AND SIX WEEKS AYTER OPERATION

Tolal Ry 1 F AN

T me Jrom Group (mm;gm PW;J’:J p?:gh:r"m

a per mg
cpevetion )Z‘ﬁney) idney) Tadney)
Coutrol (not 104 0378 0183
operated on)

Th T removed 278 o 30t a e
o ks ‘ U:i);zy 299 o A3 022
Six weeks hadney removed 23 4 0 516 o 23y
1 Obese’ 282 0 532 © 203

with overloadivg  They dud decelop the jesions at the same
time 2s the obese rats at an average age of 15 months
Table YT allustrates the changes in compostion of the Lidneys
12 months after carrymng out each type of operation on three

Table IIX
CoxronITION OF THE KIGNEYS OF UBESE AVDIALS O OF ANTMALS
WITR QWE RIONEN REMOTED TWELYE MOWTHS AFTER OPERATION
{OFERATED AT THBEZ MOwTHS OF Ace)

Foial B\A DNA
Croup (mlrvgm Phosphorus phosphorus
mg per img per {mg per
Indney) Madney) E‘M)
Control (ot operated ony uy 0 TiY 2
‘l;br:.::y removed bCRS 1 :{9 3 Egz
729 1972 ° s

month old ammals Note that
T 0 ammals | n each case the final renat

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 arc compared with the changes found presioushy 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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o the measuses that Sely¢ uses, as he says, to “sensize”
:}imr‘;t“;z‘:he damaging eflect of hormones Neyertheless,
e have found that no overgronth of the Jadney occurs 1
Bypophysectomuzed rats with by pothalamie lesions, although
they stall have mereased appetites and other hssuc#,_such as
the ver and gastrontestinal tract, hypertrophy {Kennedy
and Parrott, 1958) Ve also confirmed, a5 Wiate, Hunbecher
and Rolff (1041) fixst showed, that compensatory gron thafter
partial v vequred the af the pituztary
Howerer, the late renal changes m our rats were associnted
with a catabolte rather than an anabolie state of the body as a
whale, 50 1t seems unlihely that growth hormone was bemng
secreted mn exeess

There remams the posstbiltty that adrenal overactnity
plays a part i the final renal breakdown  Adrenal enlarge
ment and the nephrotic charaeter of the renal defect (Saxton
and fambsll 1941) bave been mentioned & pumber of
wothers have shown that complete or extensie partial
nephrectomy 15 foliowed by nereased urea production
{Bondy and Engel 1947 Persihe and Addis 1049, Persihe,
1250 McCance and Yornson 1908) Thas has recently been
shown to be due to mcredsed protein catabolism w the hier
{Sellers hatz and Marmorston 1957), so 1t may well be a
result of increased adrenal activity  Qverdosage with adrenal
sterads can certainly canse renal breakdown nacwnn ntnl st

& b tuun) ussociated with such experiments We have
learned hitle from the serum electrotytes of our rats Vecause
any changes that mught mipheate the adreual are obseured
by the general electrolyte retention of memptent uraenua
Mornson and Gordon (197} howes er, have shown that
mereased urea evesetion dunng starvation oceurs both
pastally nephrectomized and semle rats before ohivrous renal
damage and 15 accompanred by an mereased potassium loss
. mvi\xn ‘mnupn\ ab effect that may hasten the end of the
RRIR L
‘cgmh b E‘pmens\cn, although agam the exact relation
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anmmal at operation, and n fact the age at nlnch the final
breanhdown occurred was almost constant To take the
extreme case, rats over a year old frequenth fmled to estab
hsh any new renal cquilibrium after aither 8y pe of 01 exloading,
but ripidly developed pathologieal lestons

The age at wluch renal farlure oceurred was adeanced shil
further by ereasing the renat loading, erther by a more
extenstye partial nephrectomy, or by combinmg undaterat
nephrectomy with overfeeding It 1s sometimes smd that
dufferent species talerate the remosal of dedfferent proportions
of their renal tissue 1t 1s dufficult to sce how o valid compan
san can be made when the critieal amount of hidney depiends
so much on the age of the ammal  We found that neanhing
s reeovered and survived for many months after losing
five sixths of their hidneys, while nmne month old adults
often des cloped acute tubular necrosis after the same opers
ton A probable explanation for the latent period w the
younger anumals is that it represents the ime for the further
loss of nephrons due to ageng to reduce the avaable hadney
below the entical lesel It remains to constder the part played
by the assoomted metabolie and endoerime disturbance
destroving the hidney

Endocrine stimuli to renat hy perpiasia

A number of hormones are renotrophic  Ihey nclude
growth hormone (White Iewmbecher and Rolff, 1019)
thyrord hormone {Korenchevshy and Hall, 1933) and testo
sterons (Korenchesshy and Rows 1930} Ihe results of
treatment with growth hormene are particularly suggestive
Acute overdosage can lead to rapid hidney destruetion but
treatment of a young mt for only o few dayvs apparently
causwag ne damage at the time can lead to the appearance of
pathological lesions months later (Selse 1051) From the
hrted desersptions and photographs avaslable no difference
can be seen betwcen these and the spontancaus lesions of
older rats or those which develop aftes partinl nephirectomy
Interpretation 35 compheated beeause partial nephrectomy 3¢
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»
among the measures that Selye uses, ashe says, to‘ “sensitize
the r;t o the damagng effect of hormones Nevertheless,
we have found that no overgronth of the hadney oceurs i
bypophy sectomzed yats with hypothalamie Yesions, although
thes still have incrensed appetites, and other hssues,vsuch as
the ver aud gastromtestinal tract, hypertrophy {Kennedy
and Parrott, 1058) We also confirmed, as W ute, Hembecher
and Rolff (1941) first shuv ed, that compensatory growth after
parbial nept y required the aof the ptutary
Howeyer, the late renal changes m our rats were assaciated
wmith a catabolte rather than an anabolic state of the body asa
whole, so 1t seems unlikely that growth hormone was bemg
secreted sn excess

There remsms the possibity that adrenal overachwity
plays a part s the final renal breahdown  Adrennl enlyge-
ment and the nephrotie character of the renal defect (Saxton
and Kimball, 1941} have been mentioned A number of
wothers hawe shown that complete or extensive partial
nephrectomy 15 followed by increased urea production
{Bondy +nd Engel, 1847, Persihe and Addis, 1549, Persthe,
1950 McCance and Yornson, 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  Qverdasage with advenal
sterords can certainly cause renal breakdown assomnte 1o o1

o e '

w4 wupassutidteg with such expenments We have
learned httle from the serum electroly tes of our rats because
oy changes that might impheate the adrenal sre obscured
by the geperal electrolyte et
Mormnson and Gordon (1857} however, have shown that
mereased wrea exesetion dunng starvation oceurs bath mw
pastially nephrectomized and senile yats before obs1ous renal

mage and 15 panied by an d Tosy
L‘é\neothcr ‘rcnopm al effect that may hasten Kﬂ\e end of the

n‘n':‘ ‘:“ z;m’kensmn. althongh agmn the exact relation

ention of inerprent uraemia
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ammal at operation, and in fact the age at which the final
breakdown occurred was almost constant To take the
exfreme case, rats over a year old frequently failed to estab
hsh any new renal equilibrium after exther type of overloading,
but rapidly developed pathological lesions

The age at which renal failure occurred was advanced stiil
further by increasing the renal loading, erther by a more
extensive partial nephrectomy, or by combiming unilateral
nephrectomy with overfeeding It 15 sometimes said that
different spectes tolerate the removal of different proportions
of ther renal tissue It 1s difficult to sec how a valid compan
son can be made when the cnitical amount of kidney depends
so much on the age of the ammal We found that weanhng
rats recovered and survived for many months after losing
five-sixths of therr kidneys, whie nine-month-old adults
often developed acute tubular necrosts after the same opera
tion A probable explanation for the latent peniod 1n 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 cntical level It remains to consider the part played
by the associated metabolic and endocrine disturbance mn
destroying the kidney

Endocrine stimul: to renal hyperplasia

A number of hormones are renotroplic They include
growth hormone (White, 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 descriptions and photographs asvailable no difference
can be seen between these and the spontaneous lestons of

older rats or those which deielop after partial nephrectomy
Interpretation 15 complicated b partial nephrectomy 1s
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suggested that the loss of renal tissue i exeess of & enttreal
amount leads to additonal renotrophe stumulr, probably
related to o eractivity of the adrenal cortex and to hyperten

siom, 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
weeats w the tubules of growing rats hoth as 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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p weout 15 2 very bad proguostic factor Aslong

53 we have no contral group we cannot produce convineing cndence‘

that 40 untreated pattent will not lne &s long as our ‘maitreated
leats

;xmnedy lave you doge any fiver function tests 1n a situstion where
serum atbumin 1s falling 1n spite of & high proten intahe, Trof Borsty
There may be & possible conneoon with the ipereased hiyer protem
Yreshdown when ote removes the ladsey {Sellers, Katz end \Marmorston,
{837} Amer J Physiol, 191, 345}

Barst Ao Lver function tests were done, and we only have data on
the serum protems There s 0o inereased y globulin as 13 usually found
1n chronic hepato-cellutar disease VY had, however, some evidence of e
deletentons eftert of the low protemn dret  Vore cases of tubercvloss wwere
seen than would be expected in siilar patients on a normal protein diet
and two patieris died from muihary tuberclosss  Probably the extremely
Tow protewn diet reduces the resistance agamst the tubercle baeties
spite of the fact that the patients do not lose weight

‘altot 1low 4o you define 8 low proten diev?

Borst 1 15 less than 20 g jday To control the diet and determine
whether or not the patient adheres to 1, 24 hour urine postions fre
regulatly exammed for Totrogen exeretien Ve alst dtermne creatining
exeretion to be sure that wnne coflection is complete The 23-hour
ereatuune outpny Is very constant  Ths output 1s deterauned for every
kdney pattent dunng chmcal observation, and we use the figuees for
companson with the sutrogen output when the patients are under control
mn the out patient department  Many adhere to the diet and go alony
very well for several years

Fefor Yve have had sular expenences

d 1 the

4 s ;n r‘g’zcchoslo\:km This
of omas Adds
Glomenopephntis Miagnosiz and Treatment New % ork Malmgtoag
who showed that partially nepiuectomized rats hegt on 8 fugher pmteu(
intake could not survise as long as the ammals with 8 low protem
diet We thercfore started {0 use a low protetn dret 1 all patients with
chromie glomeruionephntis Usualty we gine b 5-0 7 g fkg body werght
perday i the diet {but no Jess than 0 5 g [z ) phus the amount Jost 1o
the urine Of course, chuldsen and those with the nephrotic syndrome
::\ﬁmn largeramountsof proten Itisvery dfficult to yudgelong term
a0 s e ’é:;‘,‘f “.‘.?zi?‘{‘z’,’ e o (i ertment ~exertichius me
i e ot d‘:n g the Bife of patients with chrome Rephritis on
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DISGUSSION

Seyer Y ou sud that thas renal damsge i the obese mt nught bea
question of protem overfosding  Did you trv feeding these rats on an
tseclorie dact But with hadf the protesn content?

Rennedy ¥ have Ined 1t as a short term experment but I dud not
eqres {E to ats loment conclusion 1here wag no renotrophie offcet

Suyer her foedmg ss stself n stressful actinsty n the Sehyean sense
and that nlone mi ht lend to adrenal over actinity  Certamy there s
chimeal evidence that it mav Obose people who give cvudence of
cresed adrenal sterond production man cense ta do <o after they e
been put on o diet and have had ther wneght brought down to normat

Lenmedy To answer thut 1 must challenge the question of nhether n
fact stress ever produces sennl oaons m the vat ¥ can do that quekly
Dy guoting vome recent work by Crane Baher and In fe (1938 I ndo-
eranelogy 62, X16 and Crane and Ingle  mbenmology 62, £73) who
huve studied o arge mumber of so enlled stresses winch sound qumte
bubare nnd hue found that the onhy one which produces what Selye
calls the stfusved hdney 18 esposare to cold  “ehve has alwavs sud
that this o the mont effectne ik these worhers non 53y that 1t the
onhy effcetsve stress  Under those eireumstances the rats eat twice a8
much food  If they are then fod rsocalorieath, ns yon suggest with 4
gl calorn diet made up with earhohwdmte and fut they do not
develop lesions These workers attnbute renal lewons to overlavdng
with szt I chowse protom

Talbot Will sou take this ax evudence 1 finour of restpcting the
protew witahe of patients with handiag ped renal funchiony

Kennediy 1 can <ee that 1t wenld be o dangerous thing to press
trophue stimulus bhe a tish protem miake too far i an attempt to get
recovery  Are you thuking of ehronic renal diseast or & recovery from
aeute damnge?

Talbot Bath
Reancdp Purely from o own findings ¥ wonld hasy ¢ smd that 1 conld

sce no point in producing addiional renal prowth wn tnang te help
reeonery of the kidney &y poong a Dneh proten diet 3f the ebyject wat
amply to replace protem lost from: the body then aw results of course
ate not retevant 1 thunk the problem of a hugh proten miske Bns to be
stuied from this pont of view on the buman aml we cannol answer
from the wotk on the rat Morcover then mny be a totally different
Timutation to the structural renaf reserve m the rat winch das a haduey
of completely different anatonucal elimmeter

Tlortd Vic treat all patients with a hudney function of fess than 10 per
cerit of normal with a diet adeguate i ealories buk 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.Jday, mostly fat and proteins.
e T e WP P RN
. .-, ' . L} - .
a man of sbout 10-43.
M 4 Qe et ol 1 - Jeel 1T Y a0 T Aemoe mad fee
“w . - H .o 1 :
Y n N . .

Dr. Talbot, you mentioned the amount of protein ghen in cases of
chronic nephritis, In Pans we put some chronie nephritic patients on an
O - . 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-sceretton of Compound
T, of eourse. Ioweser, Hechter and Pincus (1054, Physiol Rev., 34, 159)

DA e A P T S A A

results with cortexone acctate?
Kennedy: Yes, m that cortexone acetate was the partreular sterord

- = stassmn depletion are simular in

repeated these expertments with dietary potassitin depieton unu (vt
\ - - v T+ 3joung rats and were unable
" ' * rconclusively at Cambridge.

- * = to permanent damage from
h Dr. Y'ourman's suggestions

. .. . Iye.
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Kennedy Dt Fourman and T have l?alucd at pallassium-dcﬁcle?t
itic i ctlinbinin ettt T g cagaibogh ¢ e .

that
Frsremen ¢ Thab caamy bn mmmend am sed = 3 morfa L gt 2t g
be worse 1 older rats "

WI“:‘My' It is 2 viewous eyele and we sre coming 10to 3t at different
!



RENAL T'UNCTION IN RESPIRATORY FAILURE

D A K Brics

Depariment of Mediene Royal Iofirmary, Unwersity of Manchester

WrIrH mereasing age, the functional capacity of the lungs
and of the hidneys dechines  Respiration 1s embarrassed by
wcreasing ngdity of the chest wall, and there 15 also an
merease m the respiratory dead space of the lung itself
older subjects (Comroe et al , 1955) The kidney s lose efficiency
1 consequence of a progressive loss of nephrons, winch may
reduce the nephron populatian to 60 per cent of the ongwal
number, the impurment of renal function 1s mdieated by a
fall 1n the clearance of mulin and of p aminoluppurate, and
the mavimal reabsorptive capacity for glucose (Tmg) (Shoch,
1952) The blood pH m old people 15 a little lower, and thar
plasma returns more slowly to its previous lev el after imposed
loads of erther acid or alhah  These various encroachments
on functional reserve are probably of no great moment m
healthy old folk leading a normal Ife, but they are brought
mto prominence when respiratory function 1s patholoneally
mpaured by the related changes of chrome broneluts,
bronchospasm, and emphysema  In an urban population, the
meidence of chronte bronehitis m old people has been found
to be 40 per cent (Sheldon, 1948), this common tllness leads
m time to gross respiratory failure, with the patient affheted
by anota, hypereapnia, and mereased pulmonary vascular
resistance m varying degrees  There are several way s m wluch
advaneed respiratory faure can ncrease the demands on
the hidneys, and also dimimish thewr functional eapacity
This commumecation outhnes the effects on renal function of
chrome hypereapma and of cardie fulure secondary  to

emphysema {cor pulmonalc) ,
26
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Hypercapna  The effects of acute hypercapms, usually
mydl\)sced x‘:;y nhalation of 5-10 per cent €Oy have been
reviewed by Pitts (1953) Thereisa fall i plasma pH and a
nise i pCO, the urine formed 15 acid, and the reabsorption
of Rltered bicarbonate 15 wirtually complete, although the
amount of filtered bicarhonate has been mereased by the

tal proced Ent t of bicarbonate re
ak;sorptmn 15 the most stolang change i rensl performance
induced by acute hypercapnia_and 1t pessists when the fall in
plasma pH s prevented by wfusion of ncarbonate, so thatin

thrs context mise m pCO, seems to be the more relevant

shmulus to biearbonate reabsorption The reabsorption of
bicarbonate 1s glso d in subjects depleted

3 pleted of p

1 whom ntraceliular pH 1s probably decreased, so 1t seems
quite hhely that the effect of rased pCO, on brcarbonate
reabsorption 15 mediated by a fall in the pH of the renal
tubule cells  Apart from this rather stnkmg change
carbonate excretion the output of electrolytes 15 not
sigmficantly affected by short perods of hypercapma,
although there 15 a transient water diwuresss (Barbour ef al ,

1953)

It 15 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 o steady state has been established at a new level of
plasma pH and bicarbonate concentration The electrolyte
;Zr:zpofl!mn; (;t’ plasma and red cells 1w emphvsematn «
Pl‘
ac N
exampls - &
patient
lower t

¢ amlon yriatts and Greaves 1957} Fae

b ton o pus Oty BLAOSIS
nere are few obseryations on the renal res

ponse to chrone
rcrsguatnry ocidosis 1 man  As part of a study on the effect
of mm?x Nadell{1953)reports observations on 24 haur specy
mens of unne from twe patients with respiratory aaidosis
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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 1n controls Ammonum exeretion was some
what higher, and titratable acidity somewbhat lower i the
patients with respiratory acidosis than m the controls, and 1t
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 strmulus
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 pulmonale the erreulation through the hudneys and the
glomcru]nr filtration rate were substantially dimnmshed
These findings have been confirmed by Lew:s and his co
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warhers (1952) A moderate degree of urea retention, pre
sumably on the basts of relative renal 1schaemia, 1s common
In cor pulmonale {Simpson, 1957), as other forms of heart
falure In patients dying from beart failure, the output of
unne may be reduced to below 500 ml /day, but complete
suppression of urne does not seem to have been recorded,
even 1 the terminal stages It 1s perhaps of some interest,
thercfore, that over the past ten years we have seen two
patients, both with cor pu\mnmﬂe, who betame anume
{Black and Stanbury, 1958) One of them, a girl of 20 with
widespread bronchiectasis and 1 bronchop
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 urca
fell to 76 mg 100 ml  She continued to pass conmderable
amounts of dilute urine until her death a week after the end
of the anunc peniod The second patient, a man of 44, passed
1o unne for over 24 hours, and had no urme 1 his bladder
after death Both these patients had hypotenston and cold
extremities, and were presumably m the low output phase of
cor pulmonale, but cardiac 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 ;n
€ausIng anuna was probably renal 1schaerma,
bave been agg d by arter;al & 100

Both these patients had hyperkalaemua and low plasma
f::.‘,',‘immT.hls :xssocxahon 1s farrly common 1n patients with

but this may

These o pusuar ijgacement by sodium
s¢ observations 1n patients with termunat cor pulm
are possibly of hittle m m\:erestpbuto;]::;
»

hay ore than acaderme
perhaps constitute yet anather argument for the early treat
strh n o " n patients with an.et

ment of mtercurrent infections 1
b

v ) v uutput tailure
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AMuine: Iam not convinced, Dr Rlach, that the anuna you mcqﬁoncd
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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,
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whatsoey er of elrone respiratory disease, and that a severe respiratory
infeetion, for some teason that X do not know, may cause acute tubular
necrosis, for which there 19 autopsy proof in ane case.
Dlas, This would really bring 1t 1mto 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 bilateral corhics} peeross 1 am ashamed 1o say that she had been
under-exsmuned  As i Dr. Blaek’s cases she was admitted with a
Tesplratory snfection wiuth was trested with penietin, and in & few days
the mfechlnn was under contral - She was Lp and about until we dis-
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DISCUSSION

Afilne Tam not convinced Dr Black that the anurix you mentwoned
in your two eases 1s in any way reiated to the chrohe respimtory disease
Durtng the last mnfluenza eptdemie in this country some cases of anuria
were assoetated with wfluenza 1 know of one case in Dundee and we
ourselves have personally studied three cnses Two of those we 50w
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 staphylococeal pneumonia A sevcre respiratory mfection of stsell
1n some gases seems 1o be alle to precipitate anuria and I myself prefer
to relate your experience to infection rather than to the hochemieal

changes of chronic resplratory acidoss
T LS
'
D
1o not
£l in
cardiac output and renal vasoeonstriction or (e you me i an nuection

fudney?
Dr]t‘l‘;ne“ nNcgl certainly not an infection of the hidncy  All I am stress
ing is that these cases occurted in young adults without any evidence



WATER AND ELECTROLYTE METABOLISM
IN CONGESTIVE FAILURE

2 Frarsr
Tnstitute Jor Cardsovaseular Researchy
Progue—i

The rle of the kidney in congestive failure
Tre genesis of abnormal water and electrolyte metabohsm
m congestwwe fadure 1s at present generally attributed to -
powred renal function Tt was previously thought that m-
crensed systemic y enous pressure (and hence the mbatance of
Starling forces w the capillaries) was the main factor mutiatng
these phenomena  Warren and Stead (1944) observed 1 some
cardiac patients an merease 1 body weight after the admins-
tration of salt before any syrmficant mse in central +enous
pressure  This ndicated that anotber mechamsm mght be
responaible for the retention of salt and water mn chrome
congestive fatlure Merrili {1046) confirmed the carher findmgs
of beymour and co workers (1942) that patients with con-
gestive fatlure have a dummished renal blood flow, moreover
Bie tound that the decrease in renal blood flow was far greater
than the durnution of cardiac output
Tt was howeser, not clear whether the retention of electro
iytes and water tn chrome congestin € heart falure was due Yo
4 primary decrease m renal function or to the decrease 1m
renal blood flow and funetion as o consequence of the mcrease
t central venaus pressure
m:: :r;\x;:uz:zl;: :ts 1947 (see Brod and Fejfar, 1949, 1950)
1ons of haemodynamice events at the time

when water balance h could etuerd

this probl
Pat on t
! :‘l;ernts with heart disesse on the Lorderline of ng;ht heart

e usually have o tow urme out
put duning the day, but
on inerensed unne flow at mght  This spontaneous d)xi’n-csxs
m
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attempt to compensate them arbftenliy by getung ther serum biear-
bonate levels up  Yie treated n 50 year old smon with sente resprntony
atidosts whose 1nitial bicarbonate figure was 10 mrequn 1 snd the
blood pIY, breathinyg room air, about 7 28 VWhen he went into oxygen
he became unconseious rather quickly, presumsbly due to the decrease
s ventifation from the rehef of anssiv e was removed from oxygen
and over the next 18 haurs dielysed through a cellophen bag in lus
stamech, usmg o flind contaning 50 m equus /I sodium biearbonate
it 5 per cent glucose ‘The dialysis elevated Jus serum 10
84 mequiv /! despite o negatine sodium balance of 200 m equin  The
sodium was Jost mamnty m the unine  The high scrum icarbonate ele-
vated Ius biood pld, breathing room mir 10 7 55 Vhen he aguin went
into oxy gen Ius biood pH feltto 7 45 and hie did not become unconsesons
Hhs anoxia disappeared despite the fact that s ventiators ruts slowed
from D htres per nmumute to 8 hitres per minute T . * hours
his hadney s sustained hus sep ~ - un fi
b}]}c\cmtmv [

, .

wwry hittreosis®” 1s
actu « ngh pCO, The results alsd
sugg . 1.4 sertim bicarbonate renal compensation for
the 1 o, wlory neidosss mey be mcomplete 1n this scute mtuation
Gastrodialy sis makes 1t possible to treat the reidosys without resorting
to sodium ad cation wluch 15 contramnd 1 because of the heart
fuilure from cor pulmonale
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- © mran of clontras

gl Buraat
<& nsation, the ceptral venous presu\uu'm,v
(Yc‘i(‘;ﬁﬁnd Brod, 1949; Blegen and Aas, 1958; Werko ¢ ol
19500; Titmbert ¢ al., 1854; Werko ot dl., 1955).

nsated cardide cases
Mo“m" N D furhee of chservations flewe

Tewn

ST T s s
hes e e ABTT

P S R T

Fig 2 presents the indivsdual values of renal blood flow
0 normal subjects and n patients with heart diseases, All
patients are divided 1nto five graups according to the chpical
degree of heart fadure

In the first group are chuscally compensated patients, The
second group weludes patients wth o shht to moderate dys-
pnoca on elfart, in the thid are thowe with marked dyspoen
on cffart, arthopnoes or attacks of nocturnal dyspnoes and

acute pulmonaty oedema, The fourth gronp covers patsents
with sims of ght-sded desompensation who responded well
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reflects o tempornry mmprovement of the mmpawed water
balance It runs 1ts course within o fow hours It was there
fore possible to follow the sequence of ¢1 ents and mveshgate
the relationship between central venous pressure, systemic
and renal hacmody namie changes, and renal function

Cardine output, nght nuncular pressure, water content of
plasmn, nnd renal function (remal blood flow, glomerular
filtration rate and ceretion of electrolytes) were studied
from the exrly hours of the afternoon until the followtng
morawg w ten normal subjects and 25 patrents with heart
disease of different onigin, 19 of them having congestn ¢ fnbure
of varymg degree {Brod and Fejfar, 1919, 1950; Fegfar and
Brod, 1030a,b,d}

Cardine ontput was measured by a direet Fiek method and
right aunicular pressure by o water manometer attached to
the cardiae eatheter, changes of water content m plasma were
assessed from the pereentnge change mn plasma proteins,
hoesaatoont and the dwsappearance come of Tians blue
Renal plasma flon was cstunated I the clearance of PAR
{p ~tmneluppurnic aeid), glomerular filtration rate by the clear-
ance of mulin, and chlondes by the Van Siyhe and Hiller
{1947} modification of Sendroy ¢ method

A nocturnal diuresis was observed m 11 patients with con
gestinve fulure  In nooe of them was it preceded by a deerease
m night aureular pressure  On the other hand the inerease
urine output at mght started i all these patients with an
elevation m renal blood flow  Lhe decrease m wrme flow at
nght occurred m seven decompensated cardiaes m all of
them it was asseciated with a dinunution i renal blood flow
(I1g- 1) The merease m rennt blood flow was not related toa
sumilar change m enrdine output, which increased simultane
ously 1n only holf of the i estigated subjeets

Thiere 1s thus cvidence in dynamic obsersations that the
fncrese st central s cnous pressure m eongestn e fmlure s not
the primary cause of ewrdie ocdema, the mam factor bemg

impaired renal function
A low remai blood flow with & diunumshed glomerular
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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
i o . - i Tone
P L.
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Fig, 2 presents the ndividual vy
al values of renal blood
1:“ tr:g;:t:al suéuecdtsdand D ratients with heart diseases, ﬂx;
ore dividedt into g o
Qe of ey ot n Ve groups according to the chniegl
In the first Eroup are ehne:

ally compensated pat;

second Patients, The
rnoen‘-( ngf?‘{l‘.l.’_l‘f\cmdfs.panents s3th 8 shaht to medesetn 1

on e

soule

. s [T ati
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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

ST

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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Farber and co workers {1951, 1953} studied 1 man the
effect of an merease of pressure n the yena cava produced by
oeos of a halloon above and below the onfice of the yenal
vews In both procedures there was s dimmution of renn}
Hhood fiow, glomerulst fltration vate and excretion of water
and electralytes

The mereased central venous pressure m congestive fadure
may, of course, contnbute to reduction 1 renal funchon
(Briggs ¢t ol , 1948, Bradley and Blake, 1949, Farle et ol ,
1848} It determines the distribution of retnined water and
electralytes which 1 left wided failure 35 1n the lungs and m
congestive failure matmly m the Jower part of the body.

The nature of renal changes in congestive fmlure
The noeturnal inerease of druresss and renal blood flow m
our mvestigated patients with congestive failure was also
associated with an elevation of glomerular filtration yate and
with a decrease i tubular reabsorption of water and electro
Jytes This may be seen iz Fig 8, which covers 20 spon
taneans changes s unine flow 3u 14 patients with congestive

fmlure  The lower urme output was always taken as the
mx_t';a\ value {100 per cent)

£ -
s .

i weeasia O Lae average by 55 & per cent {from 6 to
6 per cont) Only three times was I}Fc mcreas(e m renal
bload flow swalfer than 20 per eent In 14 subjects m shomt
was measured carthac output (CO) rose sigmificantly 1 six
mstanees fell 1 three and did not change i five Yt is clewr
hat the werease n renal b

lood flow could not depend on the
x;;x:n::y ‘mrcrt:xsc w €O This 15 confirmed by anp mcrease m
Ta
P r‘x:rtlLun_of cardiac output in all mstances except
Glom -
1% tume

#5327 & pur cent, with the TARGE ~ 4 510 4 §2 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 dimmishing 17 times and mereasing in only
three stances

The merease 1 chlonide clearance was of the same order as

MEEEEEREEEE D

Vo fo Cpy P O, FF hy g‘f
WX S e W KW
. am .- R N

clearance to glomerular Nitration rate (h«} lhe
o

|
mean percentage change (FF) and range ({1} in 14
atients with heart failure are presepted  The
ower unne putput waa taken as 100 9,

the clevation of urine volume The mean increase was 215
per cent, range 2 to 918 per cent The ratio of chlorule 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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cording to Wesson, Anslow and Smith (1948) some 85
pe‘: cce;r:l:)fgthe filtered sodiym and chlonde 15 reabsorbed by
an achie mechamsm m the proxumal tubule, wrrespective of
the amount Sltered The reabsorption of the remaimng 15 per
cent of sodum and chlonde 1s imted by a fixed maximal
rate at which the distal tubular cells are able to reabsorb
these electrolytes Whenever the tubular chlonde load
decreases with a fall 1 glomervlar filtration rate wm the
presence of this maximal reabsorption capacity, almost all
of the filtered chlomde 1s reabsorbed  Mernll (1945), Mokotoff,
Ross and Letter (1948), Selkurt, Hall and Spencer (1949),
Stead (1951) and others are of the opunion that m congestive
fallure thas meck Jeads to the reabsorption of
electrolytes and water, that 1s to say that the dimnution of
glomerular filtration 1s such that with a normal unchanged
tubular 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 rise towards normal levels
at the time of nocturnal diurests, 1 spite of this, the amount
of excreted chlonde was far greater than the quantity of
chloride excreted at mght in healthy subjects with a normal
glomerular filtration rate ¥ig 4 demonstrates that the
tubular reabsorption of chlonde can vary markedly with a
constant tubular chlonde Joad It 1s clear, of course, that ata

grien chlonde load less chlonde 15 reabsorbed at a ngh than
at alow unne flow

The concentration of chlonde w urine
lesel i onty

exeeeded its plasma
seven out of 24 observations at high urme flow
The increased urme flow, thercfore, cannot be explaned on
osmotie grounds by an increased excretion of chlonde

, Tl:_e l‘m\'cr elimination of electroly tes and watan -

'

- .. wiiasiy s Welt  Lhe same conclusion

15 stated by Brggs and co workers {1948), hattus and co

workers (1048) Davis and Shock (1049), Newman (1949)
3
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Hymbert and co worhers (1954), Cort (1955b), Cort and
Fenel (1957), and others

Doyle and Mernill (1957) studied renal function m 18
patients with congestive fatlure in o supine posttion and tilted
in a passive erect posture The changes were qualitatively
sumilar to those in normal subjects There was s further
depression of renal plasma flow, glomerular filtration rate and
also a decreased unne flow and a fall m the excretion of the

@i ] r3
. o -, o
59 J ] ]', %T . ‘r --]h'r“ 1’1 % -
X C e 0
& . 2 \E HIN N ox] Y
3 o N <
13 é S
<
96 N N \
o
557.] l 1 \ , l I {
il T Al
L‘ e x T O 3 \‘ N LOWURNE oW »
= HCH UANE FLOW  ©
LOW UR NE Flaw @
bﬁ lx S yonvemrow o
2 .
== |Fc Claul mM
r b e T e b 2 Qo e s Je b

F1a 4 Relationship of the amount of {1 ¢ chlort le Mtered (Pey X Cligur ) ant
o
renbsorbed (m % 100 } in individual subjects at high an Hlow unine

flows  Values in nhvidunl sul fects are connected with dotted lines
N—narmal control subjects  C—patients with Yeart d serse  See text for
detarly

clectrolytes  In accord with our previous findings, with
nocturia the decreased urine flow i the erect posture was
closely correlated with changes in renal plasma flow  There
was, on the other hand, a very poor corrclation between
changes tn glomerular filtration rate and sodium eacretion

In these obserivations there was an indireet relatronship
between the tubular reabsorption of eleetrolytes and water
and renal blood flow The tubular reabsorption wereased
when renal blood flow fell and vice versa

This finding does not charactenze congestive failure alone
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Puckt and co-worhers (1033) studted the haemadyname
changes together sith the excretion of sodwum 1 eght healthy
human subjects during muscular exercise of varying degree
As Yonz as the effort was small {oxygen consumption not
above 500 mi fmn ), an Incvease of CO was found without
significart effect on renal blood flow, glaraerular filtration
rte or excretion of sodtam A preater muscular eflort
{oxygen cansumphion about 1,000 mi fmun ) was character
med by » marhed merense i CO {almost double) and a
smultansous fall in renal blood flow and the rena} fraction of
€0 The excretion of sodum and water fell Glomerular
filtration rate and pressure 1n remal vemns did not change
sipuficantly  Sumilar results were cbserved m patients with
heart disease (Judson et of 1955, Hmbert, Scébat and
Théard 1956) Increase of tubular reabsorption was there
fore responsible for the dumimshed exerehion of sodum and
water
The cjose relationshup between renal blood flow and excre

tion of electrolytes m congestive falure 3s stnbang We have
expressed the opinton {Brod and Feyfar, 1950) that decreased
enal blood flow directly mmpairs the excretton of water and
electrolytes A smaller glomerular filtration rate diminishes
tubular electrolyte load and, owing to a slower flow of tubular
drie a greater proportion of the filtered amount is reabsorbed
We could not of course, exclude another posabihty that
werensed yeabsorplion of water and electrolytes m Yhe renal
tubules could occur parallel with, but ndependently of the
dminsshed rena) plasms flow, 1€ the stimulus for the renal
¥asaconstriction comid dureetly inflaence the Tunction of rena}
tubules, leading to an inereased reabsorption of salt snd water.

Humoral and neurat regulatory mecthanisms in
congestive failure

Rome Lo
" nown humoral and neural factors can alter the

netion of rensl tubules  In th
et yor ronal tul ¢ unine of patients with con

(Mernlt, Mornson and Beannon, 16
VYEM {vaso exertor matenal) and VDM (\asode’pre::c};
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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 fall untdl more than an hour after intravenous
tnjection of 40 pg aldosterone

J1!: would apI;ear to us, therefore, that nether of these
umoral substances 1s the primary cause of the zetentson of
salt and waver 1 heart. farture

The zesults of haemodynaeue changes m human subjects
foliowmg tatravenons jechon of Dibena

some called our
attention o the importance of reflex {neurchumoral) regula-

tion m the genesis of haemodynarme changes w congestive
fadure

Blockade of adrenerge 1mpulses by Dibenamne m patients
Wath heart fanure cansed & diminution of & Ingh penpheral
\ascular resistance and central venous pressure Covdwe
output mereased  Renal blood flow tose wm o great majonty
of i estigated subjects, suggesting that ths was independent
of the merease m 0O These changes were not produced by
Wocking the adrencrgic ympulses 1n the heart or by an m-
creased secretion of adrenshine (Fryfar and Brod, 1850c,
1831, 1034, Brod Fejfar and Feyfarorvd 1951, 1954) {Fig 5)
"The inerease m rena) Ylood flow 1n seven out of nine patients
1 Cong fadure was d by o mse m unne flow
and an wereased ehmination of sodm or chionde

Ve were able to conclude from our results that, with the
ansey of congestive falure, reflex (neurchumorsl) vasocon
striction develops . both arteral and venous areulation
‘The function of this selectine vasoconstrietion may be o
secure » sufficient supply of oxygenated blood to worlang
ssues sueh as the heart and other museles

A haemodynamie pattern resembling chrome heart fanture
{1¢ unequal dutnbution of blood supply to tartious organs,
mereased ubihzation of oxygen in tissues, and an msufficient
€O} may ko be found in clmieal circumstances with B
dumarished retum of venons blood to the heart {eg matral
stenosis  consthictive pencarditis), or when the amount of
cleeulsting hlood and oxygen decreases, as well as in neute
"‘g';l:) f?\ﬂ:r:m: ‘y\\cﬂphem{ oentatory fadure {see Feyfar,

acmodynamie pieture esn be seen wn sy ere
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matenal) hase been found (Edelman ef al, 1830) Extrets
of urme from patients with congestine failure contam anti
dniretic materal (Bereu, Rokaw and Masste, 1949, 1950) with
a great sodwm retammg actiaty (Demung and Luctscher,
1950a,b), which disappears when the patients become com
pensated  (Luetscher, Demmg and Johnson, 1950, 1051}
The substance responsible for tlns 1s aldostcrone (Luctscher
and Jolmson, 1954) An mereased exerction of aldosterone 16
not characteristic only of congestiy e farture, but accompanies
nephrotie and cirrhotie oedema ns well - A permanent increase
of aldosteronc under these conditions 1s called sccondary
aldostcromisn  (Conn, 1955, Rartter, 1956, Mioe and
Muehrehe, 1956, Thorn ¢t al, 1956, Liddle, Duncan and
Bartter, 1956, Wolll, Xoczorek nnd Buchborn, 1957)

The mcrensed sceretion of aldosterone in congestive failure
may be important m some patients, as can be seen from the
favournble effect of bilateral adrenalectomy (Thorn et al,
1956)

Buchborn {1956) estimated the actinaty of plasma ant
diuretic hormone (ADH) by a sensitive biological method on
the toad, together with serum osmolanty He found a close
mdireet correlation between the plasma ADIL and serum
osmolanty m 14 normal subjects, in patients with hepatic
curhosis, 1n compensated cardiae patients, and also 1n patients
with congestive fatlure  The mereased plasma Jevel of ADI
1 congestrve fmlure ts not therefore primary, bemng an ex
pression of the lomeostatie function of ADH, regulating
osmotte pressure in the organism (Buchborn, 1056)

Nerther ADIH nor aldosterone significantly mfluences o
culation in the hidneys  Their mamn effect 1s on renal tubules,
where they merease the reabsorption of water (ADH), or
sodsum (aldosteronc) In addition we have already indreated
that the vasoconstriction 1n the hidneys, together with

diunished chmmation of sodm, occurs during a short
™ s tal,1058) The effect of

g to Bartter (1056) the
th Addson’s diseasc did
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A igh central venous pressure and s secondary excretion of
Humoral substances hike aldosterone complicate the response

Werk and eo-workers (1935), 1 a study of systemc and
renal haemodynarme changes m 146 subjects wih different
cardiae disorders came to 5 simalar conetusion  Therr results
suggest that “the adrenergic ympulses could contnbute to
the dmmshed renat blood flow 1 severe heart disease before
any syms of congestion are appatent”  They think one of the
factors causmng the relense of adrenergie ynpulses ay be a
decreased steoke valume

The ongmn of the afferent wnpulses of ths funetional
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 mereased drests with ugher
ehmination of sodwum 10 subjects with the head lowered
{Trendelenburg posttion of 15°) The changes i renal blood
flow were not reported  Catheart and Witharns (3855) did not
confirm this

Gauer and co workers {1954) desertbed an erease m unne

flow m annesthetzed dogs during the negative pressure
breathing period This was also found m heslthy buman
subjeets (Sicker Gauer and Henry, 1952, 1954) The nise m
dmresis was not 7 d by d € on of
electrolytes (Na* or K*) This water duresis was thought to
he eavsed by stmulation of volume or stretch Teceptors
Iocalized 1 the eardiovascular system m the thorax (left

ainum or pulmonar)
'y veins) The values of renal plasy w
were viot measured in th Tt

£5e expery
Mherefor f the ehamgen <peniments. We do not Loow,

reported were produced by a direct
;:‘ﬂ:'l:it‘*e'ofl the renal tubules without snv o“*\m-)\’ e

fytse -

re wve 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 typieal
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
everetion of electrolytes occurs in left ventrieular fmilure and
mutral stenosts without right sided decompensation, when
there 15 an iereased pressure 1 the v enous side of the puimon
ary ctreulation

On occasion, however, a sudden nerense of pressure m this
part of the pulmonary cireulation may be associated with a
nise of urine flow 1n patients with a heart disease  We have
followed hacmodynamie changes 1 nine patients with acute
pulmonary ocdema (T'ejfr ef al , 1958a), 1n three of them we
also studied renal haemodynamues 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
n cardiae output occurred  In two of these three patients the
rise i renal blood flow was nccompamed by an mereased
excretion of chloride {(Tig 6) A nse of pressure in the left
auricle and pulmonary vems 1 typical for acute pulmonary
oedema 1n patients with mutral stenosis or left ventricular
fuilure Tt 1s therefore possible that this elevation of pressure
could influence renal blood flow, diuresis, and the exerction
of clectrolytes The diuresis was not, however, a water
dresis as desersibed by Sicher, Gauer and Henry (1952,
195)

Gomort and co worhers (1954) stucicd renal errculation 1n
dogs with crossed crrculation under hypovaermin  ‘They
found a decrease 1 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 msigmifieant

Foldi and co workers (1055) found m hypoxacmc dogs 8
decrease 1n renal blood flow, exerction of water and clectro
Iytes In healthy subjects breathing a mrxture of 10 per cent
ovygen there nas also a deereased renal blood flow and chmi
nation of clectrolytes On the other hand & low rennl blood
flon, glomerular filtration rate and cxeretion of sodium
s|gmﬁcnntl) mnereased n patients with congestive heart
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concentration of oxygen} CO roseina simular way to the nise
ohserved in h)vpgxaem)c hypovia n 1ntact arumals
(3} Homson and co warhers (1927} concluded from ther
studres on experimental hypoxaemta w dogs that the oxygen
tenston 1n the myccardmam s the most wnpottant factor
determunung the nise in CO

A duect efferent nervaus influence on the ladneys was
demanstrated by haplan and Rapoport (1951) and Blake
{1932) 1 dags with umlateral renol denervation Tubular
yeobsorption of sodmm was less m the denervated Tndney
Bykov and Alexejev Berlamann (1930, 1981} (see Bylov,
1952 found that a conditioned * water’ diuresis i dogs may
be partly inhibited by denervation of the kidneys

Renal blood flow was mensured only i the expeniments of
haplw and Napoport {1931), where the imereased renal
excretion of water and el tytes after splanct y was
independent of changes in renal blood flow  Our expenmental
results m patsents with heart fmiure (see above) demonstrated
a close relationship between changes i repal blood flow and
tubular sesbsorptaon of sater and clectrolytes

A partiaf answ er to thus question can be found 1n the expen
menty of Cort and Klemzeller {1856) on isolated Jodney
tissues of rabbits  Changes m transport of cations and water

were studied dunng two hours exposure of hidney shees to
UROYL Anntn T mi H

. .

p ~ u L1 Uk Ol sodium inte the denervated shices

: )urmg leaclung at 6°, and o slower expulnion, of sodvam from

T;fcdincrsa\rd hadney shices dusing the incubatyon penod
chianges in watet content of the shees were 1 the same

glr«u(r: s the shifts of sodwm The differenae fui

- .

v

-
2 tuccuatitiation dunng subs
slower 1o the denenvated htdney ¢ cquent incubation
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fatlure whaling 50 per cent onygen plus 4 per cent carbon
diovide for 30 minutes {Foldi e al, 1956) According to these
authors renal changes are brought about by hypoun in the
brain

It 1s wnprobable, bowever that every ease of heart fadure
1s necompanied by cercbral hypovia  The renal changes are
manifested, as shown sbove m Ieft sided fmlure  The results
of Schemberg (1950) mdicate a decreased blood flow through
the bram i hewt fatkire together with a nise m cerebral
vaseular resistance  If the eerebrai supply of oy gen 1s really
msafficient we mght epeet quite the reverse & dimmution
of cerebral sascular resistance angd an merease m cercbral
bicod flow  ‘llus was actyatly demonstrited m man during
cxperimental by poraemun by Kety and Sclumdt (1948)

Vie are of the opmion that the heart itself may be the
starting pomt for the lmemodynanme functional changes
i heart farlure, and m all situntions 1 which €O s made
quate for the requirement 1 tissues e where oy gen utihza
tion 1n tissues mereases (Fejtar 1956 1057 1958) The basis
for thus hy pothess will be briefly summarnzed
(1) Myocardial utihzstion of ovypen 1s even with physieal
mactny ity m healths subjects greater than that by the other
tmportant organs of the body Frery rise m oygen con
sumphion or uthizabion m tissucs (musenlar effort anpemin
rtral stenosis ete ) ss assoeanted with coronary vaspdidation
an meredse m the coronary fraction of OO and yasoconstne
tion 1 the hadueys
{b) We have demonstrated that dumng the nhaiation of
oy Een o normnl CO n a healthy subject oromn compnns'\tcd
pattents erther does not change or deereases while o fow
cardine output n heart fmlure imereases (Pejfar, 1957
Feyfar of al  1958q)

(¢} Gomors anel co workers (1974} o expermicnts ested abore
did not find an clesatron of OO durmng rsolated by poxn of the
bram  On the other hand when the ssolated head of o dog
by artenal blood and the trunk supphed with

was perfused
tood {the dogs mhated a mmixture with & low

Iy posaemic bl
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balance studies, nnd by analyses of muscle biopsies, that
addition to the ceftular toss of potassmm there 1s an nere-
1ment of sodwum . cells (Esers, Boyle and Myers, 1950, Tsert
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 1s the fact that p depl oceurs 1n 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 n chronie conges~
tive failure 15 difficult to prove Decompensated cardiaes
exerrte neghpble amounts of sodium and the stronger sad
radicals ave excreted neutralized by potassium  Therefore
the typical finding of » far hugher concentration of potassium
than sodtum 10 the nrme m congestive fatlure 15 tot alone
sufficient proof of cellular Joss of potasstum

Plasma lesels of Na*, K+, snd C1- are usually withm 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 equ 160 g of ot free dry sohds {REDS)
Normal salues given by Cort (19556) are about 13 4+ 2m equiv.
of Narand 5 £ 8 m equv of K+
oth ::H be seen that sll the patients !\:»,& o decreased amount

potasyum i sheletal musele  This K+ depletion was Tery
!;\?r).cd sihough not ali were treated with mercunal din

1es Patient M E was not yet sn right sided fature In gl

Paltients wath the
tions of \a* a:\dcxlg‘phon FhE: the plasma concentya-

were within the normal ran, In
:i‘\:\ :1‘:))0‘“\\ the concentration of tncarbonate was sglfghtly
dhrated ‘m:c. of them showed ECG changes bvmea) of
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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,

e woker aecamaiobes w both exdrecclinlar qod wtracclinlar
compartments

At the same tune changes begin in the concentration of

. ' "V - approlytes The Joss of ectiular

was desenbed m 1030 by

It has been ascertauned by
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balance studies and by analyses of muscle topuies, that wm
sdditson 1o the cellular loss of potassium there 18 an nere
ment of sodum 1 eells (Isers, Boyle and Myers, 1950, Tsent
aal, 1952, Squires, Crostey and Ellunten, 1951a, Warmner
ctal 1952, Cort and Matthews 1934, see also Ethanton and
Danawely, 1935, Cort and Fencl, 1957) Pamnulaﬂér m:\
portantys the fact that p depl oteurs in sibys
treated by yepested injections of mexeunial dureties (Squires
e al, 1951b, Cort and Matthews, 1954) In some of these
severely flt cases hyp and hypochl with an
elevated concentration of bicarbonate may be observed
Chimeal diagr of p ol 1 chrome conges-
tive fmbure s difficult to prove Decompensated cardiacs

exerete neghmble amounts of sothum and the stronger acid
radicals are d hzed There

Y P

the tymeal finding of o far lugher concentration of potassium
than sodtn 1 the wine 1 congestive fadure 13 not slone
suffiient proof of eelluter loss of potassium

Plasma tevels of Na*, K+ and €1 are usually within the
normal range tn & d eardac 1

Table I presents the relationship between plasma lavels
of\a%, h* and HCO, and concentration of Na* and K+ n
muscle baopsy speamens 1n 18 patients with vanous degrees
ol beast fujure  Concentrations of total muscle Na* and K+
e expressed snm equiv 100 g of fat free dry sohds (FFDS)

Normalyalues myen by Cort (18355} are about 13 - 2m equiy
ofNa* and 45 4 8 m equiv of K+

Lwtll be seen that all the patients had a deereased amount,
of gotassium i skeletad muscle This K+ depletion was very
mathed although not alf were treated with mercunal dm-

feties Patient M E wos not yat mm nght sided fath
Patients wath the exce y Fihe | s concents

phion of A%, the plasma concentra
\‘;ﬁm of Nav and K* were within the normal range In
]"~‘ majonty the concentration of tacatbonate was shghtly
\‘t‘\u!cd None of them showed FOG rbovn 4
LN -
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Table I

RELATIONSHIF BFTWEEN PLASMA LEVELS oF Na+, K+ anp HCO,=
AND CONCENTRATION OF Nat and K+ I THE §KFLETAL BUSCLF

MS—mutral stenosis; MI—rmutral in d stenoss,
Tr ins —trcuspd msumcxenc” u + 1 IID—-hy]x-rtensu'c and ischaerue
leart disense Sce details in text,

Musste Plama
dge | Do) o+ x4+
Name | Sez| Duagmoste heart| Do Sate
years }'uuw vl ttall s g+ g+ 100,”
"&";” meequir /L.
FIDS
FO [ | J53 s | 5 [oesfins [1sy
as [ F | Myt s | 34 frozsfeo Jrn o aseo 4 | Qmeruiad
MB [ {3 38| 4 [iso |28 {uso Jesifeso
ur |1 |susys = | s [soi]esesfis (as [za [Qmepurad
1p | F | MIAL w0 | 4 Jaasefnsefrs [s-s)esy | §merund

posteommis

un | F (Mybacteral [ a5 | 5 fizsifeo0zfua [so sz [

ER 3| M3 TS i 6 {143 |32 [131 |5 34233

PU Ul MS Trms | 48 5 ez 1 fesasf148 afssefesy

o £l o Ethdav poet
Az | PN o | 40 | 8 fes [nz [aesfeozfies [ SRNAE

AN F M3 51 3 103 |21 "6 M3 35152 311

Rou | F | Mo | 37 ] 4 Jostlssmfrasfaorfess

A0 [s[u+1ub | 6 [ ELETY ETILA] I ) PR R E ;:»::ltnl‘:.

M - 2
MY F postcommils, 37 a3 20 833 08114) 5[¢ 4120 8

was found 1n patient A Z, with suppuration it the thoracic
wound one weeh aflter mutral commissurotomy, 2% hours
before death. e was by this tume 1n severe metabolic acidosis
The loss of about three quarters of the muscle potassium was
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probably not just a a1 of postoperative Supp
4ion, 1t must afready bave been present before the operation
Expenences with two other patients with Titral stenosts
and congestive farture, who died Within a sweek after operation
sth 3 picture of combined penpheral and cardiac fadure, led
15 to the conclusion that a greater aperatrye nish with mtral
commussurotomy 1 patients with congesti e fasture {group v
m the wsual elassift ) 18 d with p
Sepletion and sotracellular smidosis With nereased Tetention
of sodvam (Feyfar ¢f al , 1958a)
Megative mitrogen balance following surgical operations ts
d with p dep} {(Moare and Ball, 1952),
a0 1t 18 clear that m patients with potassium depletion
chromte congestwe falure & further loss of potassium after
operstion hrings about vanous compheations (shock, acute
fitaxt, fmlure, wfection, Slaw recmery, ete )
It follows that the lab v 4 of
depletion 1n chrome congestuy e farlure 1s not easy to make A
1w serum concentration of Na*, as an sndirect wdieator, 1s
present only i very advanced stages One should suspect
Potassum depletion of there 15 8 dectease of serum chlonde
#nd 2 nse t HCOy accompanying the usual unnary pattern

2 heact fadure (neghypble soncentration of No* apd a marhed
exeretion of 1K)

Anstyss of a muscle biopsy specimen or balance studies,
whith, topether with of total exch ble K+

a8 presenit the only methods for detecting early stages of ;

melabolie smbalance of electrolytes, are both rather comph-
sated for practical use

mi':;s therefore more useful to assume potasswm depletion
mmer{ potient with chromie congestive fature The treat-
iy m!:s every patient should be supplemented by o diet nch
e S :1:\ THoTe severe eases potassium salts are useful,
mrmmfu rly ymportant m all patients treated with
- mnm;:‘s;c::;: ’ Cart {1955¢) demonstrated in 12 patients
diya i Hure that potassium chlonde, given some

fore the injection of mercury, potentiated its dwrehie
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Table I

RELATIONSHIP BFTWELN FLASMA LEVELS oF Na+, K+ awp 11C0,~
AND CONCENTRATION OF Nat and K+ I Tity, SKELFTAL MUSCL]

MS—~mutrnl stenons; MI-—mitral jncompetence, Trl S—tncuspld stenosis;
Trs ins —tricuspid insufMierency; X+ I'H D —hypertensive and jschaemie
heart disease Sce details in text.

Muscle Plaema
Name | Sez)  Duagnosie | 456, %’%2. et EE ret 54 mooe] ™
mm",'," et i
FEDS
FO ||z s3 | & [roesliss [13r [4arfess
As | B | M sert 48 [ 84 [1975)27 0 Jrar [0 a5z g | Gmereurnt
MD | F M 39 | & fiso s f1so [{cnifeso
M1 | F|MI>MS ar 3 [1soifeseifisr Jus Jeay 3,{,",;'[‘,";’""
Ip | |MM )| 4 fmmsoforstfus fsvsfas | Qe
up {F(Mibectarisl] g3 | 3 lizgifeonzfus [so [soz | Gueruid
En |M{ssTas [ as [ 5 Jus ez |m Jsujss
ry | M[MS T | 43 | 5 fera [23 anjusafase]ess
ar {ulds | @ | 8 [ms iz fizos{oozfies | Sthaneet
Ay [Flns st | 3 Jos |zmzefussisz s

3% »
Hen HF D meommn | ¥ § [1wsT(s3ar{us Sfé g7z s
v [ s{Herun | oo | 4 [1001[89 28]043 5)4 vafeg 4o] pnctstihe

ay | ¥ ,lgmmmh 37 | 3 Jesslssioafinr sfeas)zen B,

was found in patient A.Z., with suppuration in the thorncic
wound one week after mitral commissurotomy, 23 hours
before death. He was by this time o severe metabolie acidosis.
The loss of about three-quarters of the muscle potassium was
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Dhmng the whole eourse, the serum sodwm level did not
change mgmbcantls  Laragh and Stoerh {(1957) concluded
from these results that the Iugher serum potassium level 1
probably a stymulus for the seeretion of aldosterone

1 patients with herrt faiture respond to & low sodum and
fach potassum intabe 1n the same way as normal subjects
ouz b dure would aswst s the

v ¥ 14
eteation of secondary aldosteronism
Reduction of bods water tnereases the exerction of aldo
sterone 1n normal subjects (Luetscher Deming and Johnson
151 19,2 Dech df ol 1930 Folbriaed et al 1953 Bartter
¢ al 1956 Garrod Simpson snd Tt 1956) When the
sofume of extracellular fiud nses the wrinary chmination of
eiosterone duramshes {Beck et al 1925 Yaddle of o2 1833

Muller Riondel and Mach 1926)

In patients with congestine fatlure and other otdemntous
states there 35 on the contrary an expanded extraceliular flud
valume gssomated with o nise wn the urnmary excretion of
aldosterone  The explanation of this teversed reaction 15 at
present diffieult Wollf hoezoreh and Buchborn {1957)
Argue that in congestin ¢ {xlure there must be a distutbonce of
Oraye: fatory mech for the of aldosterone

1 13 m the unne was
fond m the first week following surgieal sntervention
(Uaurado 3922 Walf hoczoreh and Buchborn 1957) or
deute myocardial wnfarction without signs of congestise
Toilure (Wolf hoczorel. and Burhborn 1957)  This may be
@planed by a dimtoution of extracellutee fud <olume
But one must not veglect the fact that i all such stressful
stuahions there 1s a taised adrenerpic sctivity  and the same
stomlus may ne &
aldosterone 1, N
“ebome ay see

d el )

& Summary
<tention of salt and water 1 heart fadure 15 caused b
disturbed tenal function The mam 3

factors are a decreased
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effect morc than ammonmm chlonde and simultancously
compensated the potential loss of potasswmn  As the loss of
potassium from the eells 1s probably connected with a break-
down of cellular gly cogen and proten, 1t 1s adyantageous to
add N hormones {methy Iandrostenchol) to the treatment

It 15 not easy to correct completely a severe potassmm
deficieney 1n chirome congestine fmlare Dien with & logh
potassium mtake it may be seseral weehs before eells beeome
saturated (Cort and Matthews, 1954)

There remain many unanswered questions It 1s enstomary
to treat patients with congestive fmlure with « low sodwm
diet It has been shown, however, that n low sodsum diet n
healthy subjects increnses aldosterone exeretion mn the unne
(Luetscher and Axelrad, 1051 Liddle, Duncan and Bartter,
103G, VWollf ¢f al, 19564 b), while a diet rich n sodinm has
led to 8 deerease of aldosterone actinity n the urine (Luet-
scher and Curtis, 19552 b Gordon, 1955, Bartter ot al , 1958,
Garrod, Simpson and Tait 1956)

Potassium admmrustration also tnereases the exerction of
aldosterone (Laragh and Stocrk, 1955 Lutselier and Curtis,
1955a, &, Falbrinrd et al 1055 DBartter of ol 1956)

Laragh and Stoerk {1957) recently demonstrated that no
sodinm retsming setivity was found m the urmary exteaets
from dogs on a diet low m both sodium and potassum  When
the amount of polassium was tnercased, hyperhaloenna
dex cloped and sodwm vetaining actraty appeared i the unne
Sumlar results were observed m one patient suffenng from
rheumatic heart discase with eongestive fatlure  As long as he
was hept on a dict lon i sodium (about 12 m equn daily)
and o rather lugh potassmmm intahe (130 m cqus ), the
exeretion of aldosterone was ligh (sbont 300 pp /23 hr)
After the marhed reduction of secrmm potassinm to 27
m-cquiy by an mjection of 2 ml of Mercubydrme together
with n Jow potassium diet the everetion of aldosterone felt
ta 85 pg Restoration of n normal serum potassuim lesel by
adrumstration of potassium was again follawed by a ven
marhed cxeretion of aidosterone m the urine (630 pg /213 ir )
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Dunng the whole course, the serum sodium lf\ el did not
change mgmificantly, Larogh and Stoerh (1957) concluded
from these results that the lugher serum potasswm level 1s
probably a stimulus for the seeretion of aldosterone.

i patients with heart fulure respond to a low sodwum and
bigh potassum ntakhe m the same way ns normal sulijects,
our custormary therapeutic p dure would nsuist m the
eseation of secondary aldosteromsm

Reduction of body water ncreases the exerction of aldo
sterane i normal subjects (Luetschier, Deming and Jobnson,
1931, 1852, Bech ef al, 1955 Falbmard et ol , 1953, Bartter
o al, 1936, Garrod Smpson and Tast 1936} When the
volume of extracelular flud rises, the unnary chimination of
eldosterone dimirushes (Beck ¢t al, 1955, Laddle et al, 19355;
Muller, Riondel and Vach 1936}

In patients with congestive fatlure and other oedematous
States there 15 on the cantrary an expanded extracellular g
volume associated with a nse i the untnary excretion of
aldosterone The explanation of this reversed reaction 18 at
Present dffionit Wy olff, Koczoreh and Buchborn {1057
2rgue that 1 congestyve failure there maust be a disturbance of,
S anew regulatary for the of ald
Increased elrmnation of aldosterone 1 the umne was
found 1a the fst weeh

following surmcal intersention
(Lawrado, 1955, Welff, Koczoreh, and Buchborn, 1957) or

feute myocardial mfaretion without signs of congestine
Tudure (Woy, Koczorel, o

nd Buchborn, 1957) This may be
gplamed by 2 dumnution of extracellular flwd volume
5t one must not neglect the fact that mn alt surh stressfal

situations there 1 a raised adrenergic actyy 1ty, and the same
Shmulus may rerhame t v

aldosterone, 5, !
volume, ag see

Summary
dlltktﬂ““m of salt and water m heart fardure 15 caused by
sturbed renal funetion The mam factars are » decreased
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renal blood flow and an mereased tubylar reabsorption of salt
and water. High venous pressure mn the systemie circulation
1s not the primary cause of this disturbed water balance
It may, however, contribute to st.

In congestive fmlure there 1s not merely a stmple retention
of extracellular electrolytes and water Serious metabolie
changes may also occur. Great clinical signaficance should be
attached to cellular potassium depletion  The laboratory
dmgnosxs of the Inttcr 1 dll'Y'cult the best method at present

ecimens  One must

with heart falure,

. its with sufficient

potasstum mn the diet, or by admustering potassium salts,
particularly when mercurial diureties are used

Consideration was given to the sigmfieance of regulatory
mechamsms responsible for renal dysfunction in congestive
farlure The primary réle of reflex changes was stressed and
the present hnowledge of the role of aldesterone and ADIH
was discussed
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Rostchd for carrying out the muscle biopsy analvses

REFTRENCES
‘ ST T Y o mm a3 eqemn,J A I (1058) J chin
[
o, L . Barmin J K, and
3E man

“
EEA "o TN en T sraver Cyrenfation 2,409
*lanagement of Ihs
tn W I Saunders
. 138, 101
¥ Med, 6,470
n Invest, 26,1010



§arEr asd FizeTsoryTEs » Concestive Fature 203

were, D M, Hasreroy, W, F, Resusayoy, J W,
Bm\c\*{‘&ﬁig‘?c, od Wisaow, 3 A (1018) J. ehn Inveaty 24,

819
Brap, J., and Frress, Z (1039) Cos Lk Zes., 88,001
Bzop, 3., snd Fr3ean, Z (3950) Quort J Med., 19, 187,
Brop, 4., Feaean, Z., sod Fesvamovk, M I (195t} Storn. 14, 53,
jt

28
Brap., J , FErear, Z , od FEaearovi, M 11 {1084) Actamed acond.,
348,273

Bron, J , end Sirora, J I (1030) Amer J Physol , 157, 31,

Bugmonx, E (1956) Alin ¥ achr .34, 053

Brear, Ha Ex, J, Duasen, B, Howsoren, A, Joserisoy, B, and
Werko, L (1853} Acta physiol scand., 28, 05

Byxov, b M (1952) forkovh Kiim a \mitinl Orgdny  Praha

SZN,

Brxov, k. M and Arexeses Besmtaws, 1 A (1830} Pflug drch
ger Physol 224,710

Toyan & 30 x4 - \ QU Pfag deck

" . Cha Sci, 14,121,
< v w ey 9 bay on Med., 38,3
fone ¥ T2 TPt ! g oean

808
Ipme @ B and Leersaer J A 3w (10
Bl VY 73imt Dos) e Soc exp
UEQ:\& g% ?G\inmusd (19373 Chin Ser 16, 158
ARLE, ARERR § Argxaxpes, 3 D, and
eS8 4t St 28,77 sl Eiema 1 %
ELSIAN, WEFACK B W Escuer, D J W, Grossuan, R,
Moxororr R Wrsvov, R v 850y
T et e E Lermes, L, and Suony, L (1950)
Ergperon IR ma_nnowsm T § (3855) The Body Fluds Batps

. ~

Macn, R S (toss)

g Wo@est) J cin
Famnex, § J, Beexeg W .
Tnvest 32,1135 H, snd Bionna, L. W 933} J. ehn.
~ e SR

Ve .



294 Z FEsFarn

renal blood flow and an mnereased tubular reabsorption of salt
and water. High venous pressure n the systemic eirculation
1s not the primary cause of tlus disturbed water balance.
It may, however, contribute to 1t

In congestive fatlure there 1s not merely a stmple retention
of extracellular electrolytes and water. Serious metabolic
changes may also occur. Great chneal significance should be
attached to cellular potassium depletion. The laboratory
diagnos:s of the latter 1s difficult, the best method at present
betng chemical analysis of muscle biopsy speeimens. One must
consider this disturbance 1n every patient with heart failure,
and consequently treat all such patients with sufficient
potassium n the diet, or by admimstering potassium salts,
particularly when mereurial diwureties are used.

Consideration was given to the sigmificance of regulatory
mechanisms responsible for renal dysfunction in congestive
fatlure, The primary réle of reflex changes was stressed and
the present knowledge of the role of aldosterone and ADH
was discussed
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believe that the evidence 190 favour of the theory that salt retention in
the presence of normal hidneys 1s alwavs largely effected through the
same pathwavs  The same mechantsm 13 responsible for the riention
after haemorrhage, in nephrosis i eirrhosts and in heart fature. On the
other hand we assume that salt dinresis is alo alwavy efferted through
he same pathuny  The ehmetersstics of this mechanism enn best be
studied In the (-\ﬂ'll‘vnt cxperinientat n-mhIlnm\ proy nlr:'l‘ 15) |\ulh‘m;
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\ et tat faManenn $Y & amd sntrasenons Injection n.t

#ute amramne d ] Taaw mas £33 sharnty betore B fuu it

ey
fadure, hypo¥aerusa, anaermia) and i muscular sffort, the only common
factor 13 a very low oxygen content i the central venous Blood  When
we gave oxyen 10 pshients with norms) carduse mnpmE \i:: t:\:{:nz
output did noy change ‘\\'\u-‘l\ oxygen was g 1o ‘p‘:\: onts with o
Tevense, 10 other conditions bedes congestive heart fadure associated
with noctumal duresis? In A " e, parti
tularly, a similar reversal of the normal drurnal rhythm may be seen

Fefar No, 1 have no comments to mahe

Mifne Y would agree with all the pomnts you make repardmg the diag-
fiosts of potassium defictency 1n heart fatlure, but 1 think that most
climesans are now using a very useful clinieat method of duagnosis—excest
=Dstvity to digitahs  Of course, as you say, 1t can be cheched by
balance ot exchangeable potasstum if necessa

Feifar You are nght about digitahs, but of course this uswally ovcurs
m advanced stages of potassium deficiency  When patients are in potas-
swm deficiency 1 takes weeks sud weeks 10 restore the balance Thisis
not just an acadene question because we had three deaths due to these
metabolie changes shortly after mutral vatvulotomy When a patient
slreadv hac 4 nacatiea holanma w #1 Jac of matere ISP IS Paves

9r44l} Lwonid say first that the diagnosia 18 ot very easys in fact it is
probubiy ympossibie to make 1t by the didution methods alone e
found however, that thers were very wmarked changes in the body
eompositton of these patients with. cangestive falure 'There was a rela-
trve decrease W (he 10tat miTaceiluter mass, as expressed etther by {otal
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DISCUSSION
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believe that the evidence is in fasour of the theory that salt retention in
the presence of normal Lidacys ts shuayvs hgely effected through the
same pathinnys  The same mechanism is responuble for the retention
after haemorrhage, in pephrosis, i eirthiosts and in hieart faflure On the
other hand we nssume that kalt digresis iy alin alwosw effected through
the same pathway  The characteristics of thi mechanism ean lre-;l e
studied .in the r\x.’(-ll_cnl ﬂ]wr:r:urnfnl mn:h:num .""1‘,'_"".1 l:\nlu:n.‘!';n‘l;

1ot show n brisk water diuresis foltowed by o grodums wmenose
‘1:‘0::\’;‘" The exerction pattern fs very charncteristie and s in
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v pUsiay & It BOLNONG, LAPELHREINS L ADUNRWS yu Which the
functions of the two hudneys have been compared also prose that the
adrenal 1s not essential and that the receptor must be in the kidney,
Whet one renal artery 13 gradually narrowed the sodim and nater

1 3w s wate nO comments t0 make
.‘;"""'5’ Iwould agree with a1l the pOInts + 0t MALn rerard nm thad o

. . ooy
e d Faunils with congestive fallure There was a rela-
*eTease 1 the total intracellular mass, o expressed either by :;121
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intracellular water or total intracellular potassium. This is a change
which may nlso be seen in severe weight loss wathout congestive fatlure,
and the situation is very difficult to evaluate beeause patients with con.
gestive failure will often have lost weight in the late stages. An inter-
esting finding was that although there were almost equal degrees of
congestive failure the avernge intraeellular potassium coneentration aps
peared normal in the males but was Jow in the females, We have no
explanation for this finding.

The question to us, however, is whether a low nverage intracellular
potassium concentration means a reduction in the relstive amount of
potasstum or too much water in the cells. We cannot answer this. In
tissue annlysis results we are faced ssith the same question: when there
is n low intracellular potassium coneentration relsted to the intracellular
water, 1s there too ittle potassium or too much water? The relationship

the cause of secondary aldosteronism in relation to the expansion and

e o oAYo3 ANE M as —ad ool atadatanl gl e Yeaind mamnn
the philosophy of volume receptars. It always seems to me to be im-
possible for the bod have a true volume receptor. The ont e way I\';
M L .- 1 -

P N oy

. e B e i . '

. [ . e e e “rove .-
L 1 L e o« . .

e . T e T P

. . 1

react in the same way as normal persons, although their actual levers of

aldosterone mity be higher.



A CASE OF MAGNESIUM DEFICIENCY

W.I Caroand I N Marxs
Gastro intestinal Unut Western General Hosputal, Edindurgh

Oun knowledge of the effects of magnesum deficiency
man 15 50 meagre that we feel warranted in presenting the
data from a single case and, though these dats are not as
complete as one would wish, we believe they are sufficent to
allow useful though tentative conclusions to be drawn

The state of magnesium deficrency i amimals whether

P lly produced or o ¢ 85 & natural state bhas
been recogmzed for some time {Kruse, Orent and MeCollum,
1932, Greenberg and Tufts, 1938} In smmals such s cons
the syndromme goes under 3 amous names {Blaxter, ook and
McDanald 1954}, 1t can be curcd by the mjection of mag
Restarm salts and pr d by using te & gs on
the pasture Tn man there seems to be no clearly recogmzed
Pietire  There have been reports of vanous states assocnted
with lowered blood magnesum which have responded to
magnesium sulphate myections, and it 1s recogrized that
vanous esedable states such as delimum tremens may be

#ssociated with a low serum magnesum and may improve
with magnesinm therapy (Fhnk of al, 1954, Martin, Meht
and Wertman,

ated l]11‘35? A case desenbed as tetany and associs
10W Bloo
(i, 195 tagnesiim has been reported n a child

R Sl:ch observations are not wholly satisfactory since the
raction of magneswurn which exists in the phisma 18 so punute

?::ttelt fmust pecessanly be & very wuperfect reflection of the
— Fo rmz\gneeuum w the body The only satisfactory evid
e acmﬁf;bx;xggnesmm deficiency 1s clearly some measure of
1550y 1o Y store of magnesium Fitzgersid and Fourman
) have shown how very diffieult 1t 15 1n man, owng fo
301
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A Case or Magsestoy Drrieichvey 803

gluconate was given intrav enously but n msuflicient amounts,
and 1 retrospect 1t 15 clear that she was m negatine calelum
balance  No thought was given at this ime to the possibility
or the sigmificance of any magnesium loss

In such an 1il patient adequate nutntion and the replace-
ment of protem 15 very difficult to achieve and her oral food
take was sugmented by intravenous feeding The flmds

ILEAL PISTULA — WATER BALANCE

AH 9%

.

&

IR KEE] nz:uunn n
S DAY PERTOS. *

Fic 1 Char ehe
owing flud ntake and urnary output over a five month
Period with the appearanics of symptoms one monF;h after the onset

i}':;: a\\z: glucose solutions, sodmm lactate, and alcohol,
"'aneplaceea")\, hydrolysate supplied mtrogen Loss of blood
Ky y blood transfusions  Despite all these measures
EF \tndoubtedly lost weight

O‘e;ﬂn; Islho‘;vs the extent of the fluid replacement necessary
be seen m}; ; ; ; months, plotted n five-day periods, and 1t will
cdenlabe oy e losses were very great At their maximum,
fire Lnn daws that the fistuls losses were of the order of

aday Since the patient at this tume weighed less
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the conserving action of the kidney, to deplete the body of
magnesim to any sencus estent by tahing a diet low m
magnesium  The opportunity occurred to us some four years
ago of treating a patient with an ileal fistula from which
extensive flurd and electrolyte losses oceurred, and m whom a
ragnestum defictent state ultimately appeared

Tor the purposes of this paper the precise chnienl detals
are wrelevant, 1t 15 sufficient to say that the patient was a
woman aged 84, suffering from ulcerative colitzs who had had
performed 2 proctocolectomy with 1lcostomy The immediate
postoperatiy e course was satisfactory but 1t beeame necessary
to refashion the ilcostomy a fortight later, and this was
followed by intestinal obstruction for winch a further opera
tion was performed An ileal fistula then developed Such a
fistula results 1n large flud and electrolyte losses

It 1s not of course possible mn cltmeal practice to measure
electrolyte balances on all patients postoperatively, but 1t 15
clearly necessary to have suflicrent knowledge of their Josses in
order to replace them effectively  The routine ward procedure,
which was followed 1n thus ease, 15 as follows

A flmid balance chart 15 hept on which the amounts of all
fluids given orally and by mtrayenous infusion are noted, as
well as all losses whether urinary, faceal, by aspiration or by
any other route In paticnts such as this woman where the
mtake of food 1s 1mportant, the food taken 1s recorded on a
ship of paper so that the dietittan may make some estimate
of caloric or protem mtake From the flud balance chart,
with, 1f necessary, the estimation of electrolytes in any
aspirated flmd the necessary amounts of fhuid, water, sodm,
chloride, and potassium, are preseribed for the neat 12 or 24
hours Secrum electrolyte concentrations are measured damly
1f necessary, as in this case

Tius procedure was earried out with this patient so that she
was hept 1 water, sodmm potassitum and chloride balance
The CO, combiung power remamned witlun normal himits
There was no ris¢ in her blood urea and judging by the unnary
speetfie gravity reached the hidneys functioned well Caleum
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gluconate was qven ntras enously but i insuffieient nmol\;::\:

and 1n retrospect 1t 15 clear that she was 1n negative cnb o

balance No thought was given at tlui time to the possibility
icance of any magnesium loss

mlt: es‘s;\cg‘:n;in il pahent) adequate nutnition and the rc{ﬂrncci

ment of protemn 1s very difficult to achieve and her ora u(()](

mtake was augmented by intravenous feeding The fluids

TLEAL FISTULA — WATER BALANCE

Fic 1 Chart showng flmd intake and

- o unaary output over a fise month
period wath 11

© appeatance of symptoms one month after the anser
given were glucose solutions,
while a casen b

ons  Despite all these measures
she undoubtedly lost weight
Fig 1 shows the extent of the fluid re;
over nearly fis e month » plotted 1a five day periods, and ot wall
be seen that the losses were Yery great
caleulation shows that

At therr maximum,
the fistula losses w ere of the order of
five litres o day Simce the Patient at this time werghed less

placement necessary
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the conserving action of the hidney, to deplete the body of
magnesim to any scrious extent by taking a diet low n
magnestum  The opportumty occurred to us some four years
ago of treating a patient with an ieal fistula from wlich
extensi e fluid and eleetroly te losses occurred, and m whom a
magnesium deficient state ultimately appeared

Tor the purposes of this paper the precise ehinienl detals
are wrelevant, 1t 1s suflicient to say that the patient was a
woman aged 34, suffertng from uleeratr ¢ colitts, who had had
performed a proctocolectomy with tleostomy  The immediate
postoperativ e course was satisfactory but it became necessary
to refashion the ilcostomy a fortnight later, and tlus was
followed by intestmal obstruction for winch a further opera
tion was performed  An ileal fistula then developed Such &
fistula results 1n large flnd and electrolyte losses

It 1s not of course possible i chnical practice to measure
electrolyte balances on all patients postoperatively, but it 15
clearly nceessary to have sufficzent know ledge of thetr losses in
order to replace them effectively  The routine ward procedure,
which was followed 1n this ease, 1s as follows

A flud balance chart 1s hept on which the amounts of all
flmds given orally and by ntravenous infusion are noted, as
well as all losses whether urinary, faceal, by nspiration or by
any other route  In patients such as this woman, where the
take of food 1s important, the food tahken 1s recorded on a
slip of paper, so that the dietittan may make some estimate
of caloric or proten ntake Trom the fluid balance chart,
with, if necessary, the estimation of eleetrolytes an any
aspirated flued, the necessary amounts of fluwd, vater, sodun,
chloride, and potassium, are prescribed for the nest 12 or 24
hours Serum electroly te concentrations are measured daily
1f necessary, as in this case

This procedure was carried out with this patient so that she
was hept 1n water, sodum, potassuum, and chloride bnlance
The CO, combimng power remamed within normal hmts
There was no nise 1 her blood urea and judging by the urinary

spectfic gravity reached the hidney s funchioned welt Calemm
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gluconate was given mtras enously but 1n 1nsuceent amomntz,
and 1n retrospect 1t 15 clear that she was 1o pemative calerum
balance  No thought was given at this ime to th~ possibility
or the sigmificance of any magnesium loss

In such an il patient adequate numtion and the replace-
ment of protein 15 very difficult to achieve and her oral food
intake was augmented by intravenous feeding The flwds

ILEAL RISTULA — WATEA BALANZE

AH 95

A maveon
| S

ANNNNAN

AN
AN

AN
AANNNNY a
LAY
NAANANNNNN
ANANNRNN

NN

N

LN Y 2 a- el

2
3 oev peaces

Fis 1 Chart showng A
g fuid Intake and unng
Period with the appearance of symptoms on) L~ -

gven were glucose solutions, sodram

while a casemn hydrolysate supphed

was replaced by blood transfusions 1

she undoubtedly fost weight
Fig 1 shows the extent of the 1

over nearly five montha, plotted ;

be seen that the logses, vere e

caleulation shows that the &

five htres g day Since ty, -
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than 85 kg she was losing the equivalent of about 15 per cent
of her body weight darly through the fistula

The patient during this time was, of course, extremely 1ll
with consistently rapid pulse and occasional fever Towards
the end of a month, honever, an entirely new symptomato
logy appeared It was noticed that the patient became
excitable, apprehenstve, and required doses of sedatives some
three or four times what would ordmnarily be adequate It
was mdeed difficult to procure sleep This exeitable mental
state was an entirely new clinieal prcture to us and we finally
wondered whether 1t might not be due to magnesium de
fietency  Signs of tetany, i the sense of peripheral neuro
muscular iritability, were laching  An electrocardiogram was
within normal hmits Her serum caleum was 8 1 mg per
cent

Arrangements were therefore made for serum magnesium
estunations and magnesium sulphate was given mtray cnously
In 2448 hours the state of the patient altered very consider
ably, the excitement disappeared and the ordmary doses of
sedative were able to tnduce sleep Magnesium therapy was
therefore continued to reparr the defieat, and balance studies
were started and continued for some three weehs All mag
nesium therapy was given intrayvenously and the magnesium
ingested orally was not mcreased  This 1s important 1 the
light of subsequent calculations

Table I shows how the defiait prior to the mstitution of
therapy was caleulated It should be made clear that the loss
of flurd by fistula could not be measured dircetly, since
complete collection was quite xmpossible It was calculated
as follons —

Fistula flmd loss == (Oral 4 Intravenous) Intahe +
Metabolie water — (Urnary output +- Extrarcnal Joss)

Caleulated n this way the total volume of fistula loss over
the period was 109 4 htres The magnesm content of the
fistula flmd before therapy was started was never measured
We have therefore made the assumption that mtravenous
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magnesium therapy does not alter the output of faecal
magnesium (McCance and Widdowson, 1939) and that thiss
also true of the magnesum content of tleal flud, If thus
assumption 15 true, then we can ealeulate the magnesium
content before therapy by measuning 1t in the fistulous flwd
sfter therapy had storted  On 18 days o sample of aleal flurd
was measured and the mean magnesium concentration was

Table 1
Hac\EsITM pERCIENCY—A W
18 April-16 May 1004
Volume of fistula Joss = (Qral 4 Intravenous) utake 4 Metabohe water
{Urmary cutput 4 Dxtrarenal foss)
a1

=109

Hognesum losy

Fistda =109 4 X 4 1 =447 m-equv
Unnary = 194 X7 1= 19 meque

Total = 466 meequiv

Magnevunm fntnke

Oral = 105 meequiv
Totravenous = 15 meequv

Total = 120 mequiv

Balance ~ —34¢ meequiv
Body weght 17454 = 3y g

Tess 3 79, = 8y Skg

Boty My at onset = 91 6 % 43 14 2y = 1180 meequy
Debst = 29 9,

ilmequvfl The total Toss of magnesium throug!
fistula can now be caleulated and 1s 447@:)11 equiv eough the
“g'he wanars loss of magnesum cannat be measured 1n thys
" Y sinee the mmfuston of Thagnesium salts has heen Teported
andmge;x;e the amount put ont by the kidney (MeCance
o 1edawson, 1939) and this was certamly true i this
Patient Sinee the kadney was funetiomng well as Judped b
its concentrating bower, on .
Penod before Symptoms
1meequiy f This
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than 85 hg she was losing the equivalent of about 15 per cent
of her body weight daily through the fistula

The patient during this time was, of course, extremely il
with consistently rapid pulse and occasional fever Towards
the end of a month, however, an entirely new symptomatoe
logy appeared It was noticed that the patient beeame
excitable, apprehensive, and required doses of sedatrs es some
three or four times what would ordinarily be adequate It
was indeed difficult to procure sleep Thus excitable mental
state was an entirely new chinieal picture to us and we finally
wondered whether 1t mught not be due to magnesium de
fictency Signs of tetany, mn the sense of peripheral neuro
muscular wrnitability, were lacking  An electrocardiogram was
within normal hmits  Her serum caleium was 8 1 mg per
cent

Arrangements were therefore made for serum magnesium
esttmations and magnesium sulphate was given intrayenously
In 24-48 hours the state of the patient altered very consider
ably, the excitement disappeared and the ordinary doses of
sedative were able to mduce sleep  Magnesium therapy was
therefore continued to reparr the deficit, and balance studies
were started and continued for some three weehs All mag
nestum therapy was given intrasenously and the magnesium
ngested orally was not ncreased  Tlus 1s important i the
Light of subsequent calculations

Table I shows how the defieit prior to the institution of
therapy was caleulnted It should be made clear that the loss
of flmd by fistula could not be measured dircetly, smce a
complete collection was quite 1mpossible It was cnleul ted
as follows —

Fistuls flud loss = (Oral + Intravenous) Intake +
Metabolic water — (Urinary output + Iatrarenal loss)

Caleulated m this way the total volume of fistula loss over
the period was 109 4 litres The magnesium content of the
fistula flusd before therapy was started was never measured
We have therefore made the assumption that intrayenous
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e 2 Chart showing the effect of magnessium therapy in
producmy & positive Toagnesum balance snd its elfect on the
seruy magnesim,

Discussion

When first seen the symptomatalogy of the patient m this
state wes extremcly puzzhing  The chimeal preture was quite
unusual and something we had not encountered before The
patient was apprehensive, *on edge”, and proved extremely
difficult to sedate  She was very ill at the time and there may
well have been earher mamfestations which passed unnoticed
The ammal behaviour as descnbed by Greenberg and Tufts
{1918) W rats, and w0 partienlar the apprehensive state de-
senibed 10 idueed magnesium deficiency m catves by Blaxter,
Rook and MacDonald (1954), strongly recall the chmeal
picture we sas - Magnesium defierency 1m man may nitimately
proceed o & condition of tetany and even convulmons as 1t
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The food mtake of the patient over tius persod was small
and at times neglimble The magnestum content of the food
taken has been caleulated from food tables and amounts to
105 m equiv  She had no drugs contaning magnestum and
no toothpaste was used Of the mtrwvenous fhuds given
none appeared to contain magnestum  The mahers (Bengers)
Rindly sent us an analysis of the easein hy droly sate (Casy drol)
given wluch contained only neghgible amounts of magnestum
The only magnesium given travenously was that given in
whole blood The total negative balance over this penod
therefore amounted to some 316 m equnn

The weight of the patient at the beginning of the period was
34 kg and, 1if we assume that the body at thus stage contamned
7 per cent fat, the total magnessum content of the body
aceording to the data of Widdousen, McCance and Spra}
(1951) was 14 2 g or 1,180 m cqunn  The patient thercfore
over thus period lost something like 25-30 per cent of her total
body magnesium Tlis ealculation mahkes the assumption
that she was normal at the onset, but 1t 1s quite possible that
she was already depleted sinee she had had an ilcostomy fora
month with an cpisode of intestinal obstruction needing
suction and flrd replacement

The balance studies whieh followed the mstitution of
therapy are shown in g 2 The magnesium content of a
sample of the fistulous flud and of the urine was estimated
daily and the output of magnestum caleulated as described
The serum magneswum was estimated every few days

The results show that with the therapy, the patient passed
mnto positive balance over this period and that in all she
retained some 279 m equiv of magnesium before the observa
tions were discontinued  The results are 1 general accord
with the previous conclusions

The serum magnesmum showed a low figure at the time
of symptoms and rosc with therapy but the estimations
are perhaps chuefly of value n emphasizing how hittle use
can be made of them as an index of magnesium defieit

the body
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DISCUSSION

n When Dy Fitzgerald and I started to produce an experi
m::t:mplemn at mngneﬂ%lm we had 1n mind to do what I had done
mith potassium (1936 €hn Ser , 15, 635) But we got nowhere near o
sgmficant depleton only some 50 mecquiv of magnesum were lost
from the body i the course ol a month's efforts  Afterwards we reahized
that thus was partly because the unpary and faecal Josses beesme very
small whea the intahe was Jow

Duckworth Godden and Warnock (1030 Diockem J, 34, 87) found
Viat the magnesium of bone makes up one nalf of the body magmesiusm.
Thsy forms & mobihzable store, % hich 1s probably why it is so diffteult to
produce sympt ofa of {Blaxter, K L, Rook,
J A F 504 McDonald, A M (1054} J comp Path 64,157} Adepletion
f magnestam seems to bear hitle relation 1o what 13 called 5 climeal
magnesium deficrency by some workers, wha have attnbuted the condi
ton of tremors 1 pateents with sleoholisin to & low serum
{Flink ef oI {1857) Ann nfern Med 47,956). The plasma magnesiumy
must depend on move than the stores of magneswm 1o the body.

Dr Card what were the unnary losses of magnesium when you gave

the ]} n our evenwith
the smalt defiests we had, we found that the urmnary losses after injection
‘were less than when the subjects had no deficit

€Car? I have not got the figures for the amount of magmesium in the
unne in the eady days of treatment  When you give mtros enous mag
nes;um some does come through the unne but these amounts were
vaniable {\lcCance and Widdowsor 1039) ‘The lowest magnestum we
have ever got without magnesium therapy, was down to 1 m-equiv [,
:t\d e have taken that a3 the conceatration of the unne prior to mag

H Tepn that may be too hagh when a patient fsm &

M ~* an of maghestam

alpeaplettss

» exeretion of

magnesium.

Dazson MeCance established tnar o - of magnesuym

12 the cerebrospinal fiurd was considerably Tugher than tuat in the blood
plasma Tt may

be that 1t 13 necessary 1o have = hugh concentration
:‘n‘\:‘;;“:‘}?ng the nerve c;lls to m;unmm 2 low level of excatabihty, in
e same way s there 15 a low coi t
o domaame WA i el ncentration of potassium which
deg:r‘ut;: tl';:ue o where the calves ull y died witha g
magnesim was bormal The whole defi
' *totumes and 1 thiok that as De mermnnes ageced there

s ! ugaested, there
. “¢ ™8 not ayaslable There is one
rture whuch 18 abviously not a

dnts, so there may be bone

possible and acute states

entirely different from ths

ults {1938) went to a good deat

-
chrome deficiency wsy

e ——
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does 1n ammals, but the state we obsery ed bore no resemblance
to low calcium tetany as seen chinically

The other pomnt worth discussing 1s the level of depletion at
which these symptoms appeared It scems hikely from tlns
one case, and we have failed to find a comparable cxample in
the Literature, that symptoms of what might be ealled moder
ate severity appeared when something lihe 25-80 per cent
depletion of the total body magnesium hnd occurred If we
may adduce evidence from smmal experimental worh,
Blaxter, Rook and MacDonald (1951) calculated that m
calves on magnestum deficient diets symptoms appeared when
a defieit of about 25-80 per cent magnesium had occurred,
while at death it was estimated that 35 per cent of the magnes-
wm 1n the body was laching If thus general conclusion s
true, 1t follows that the small deficrts of 50-100 m equiy ,
which have been desenibed by varous authors (Nabarro,
Spencer and Stowers, 1952), are unlihely to produce chnieal
mamfestations and n themselves hardly call for treatment.
In man, the conditions neceessary to produce magnesmm
depletion sufliciently severe to result n a recogmanble chnrenl
state arc unusual and can hardly be expected to occur with
any frequency.
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CONCLUDING REMARKS

Adalph Ttiseasier 16ind to mentton some of the things we have
omitted m tus colloquium than to dwell an some of the things that
wehate gonexnta Ve are all concerned with studtes of regulation
some of us as observers of normal mdividuals and some of us by
tryng to cut 1n on the med: by ad g Per-
haps the most important element 10 metabolie events partseularly m
nsgecx {0 water and electrolytes may be the detection by the body
and the cells themselves of departures from the normal In other
words, we must recagmize that for each one of the constituents which
wehave been talling about as having n constancy there 1s some sort
of a detection machine The fact that there are so many machimes
2l 1n one smalf body ot cell 15 something to bear i mind  Swnce
regulation 1o ob es mntrnsie detectsans both for the body as & whole
and for each constituent compartmient how 15 3t that we had nothsng
1o say about the celt s own assessment of its state? 1 suppose 1t 15
cutirely because nobody so far has found a method of cutting i on
messages wluch are bemg transmmtted from the surface of & cclt to
theinteriorof a.cell or the kands of exeitation which occur to produce
the response within 4 cell If we cauld find oub whether these detee
fors and transmutters 1f there be such differ at differing ages then
»ewauld have 3 more mtimate proture of physiologieal changes with
age So far we have manly had to content ourselves with seeng
whether we could show some morphologicat or hiochermeal change
withaze AsYsce it we have not et got down to what a phy siologist
conld be really proud of an the measirement of age changes In m;
estimation we do not need to waih, until we know what the nature of
these detectors and transmutters may be before we can tackle these
problems of assessment of the state of the responding system We
c?n study many a respanding system without having any hnowled,

2 the kinds of gadgets which are 3t Our ignorance of cell cmti:
‘l};hsn‘lst well founded Isuppose and yet itas disappomting 1 hope
detent ure physiology of cells will develop a hnowledge of these

‘:: ‘Zr; aud of the way they change with age

want to
:Skfhg.nges oy mm:t):::’;g ::(cidlc you mtuht‘}‘xénkmg of a"gle‘ Shangcs not
<h are
R&;S “{ “gPsT::e}:ls g};{!ml for each of the age groups A man of 80

Theular respect ¥f e ’ e Sty
Fod vt g espeet | o s ot got s gl  clearwnce ot 60 as
¥1ew may lead to 8 shghtty Do s no use for 1t? This powmt of

i o of evaluation of swhat we
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of trouble to find out which part of the brain was pnrtxculuﬂ) nn‘oded:
they thou"ht it was thc nud-brain and w~r-e ]
from Lol

. . . . e . .
Cfr e

Lurue LANTE VoS . . . .
ill. She hadav - . : - - . "
due to magnesit oo
reflexcs were pr g

dcCance: What do you ml""' hor S
neswum deficiency was ¢

Card: I sumply mean
with very ittle muscle

. L] [

ma’ e, Laannts syt ) - ot
wmsufficiency by . -
sulphate. Yhen v - . P 1
v~k a1 n . .
: " Y T

t B oy L, und 1 would say !herc wasnothing
Jetectable. Only gross ch mn the climeal state would have been

g
noticed. I would repent, the “elmzcal condition atself was most strihing.
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emphaszed, that 15 the way 1o which we regulnte both output and
snput.

El'be Chawman created n precedent by quoting from a minor poct
Iast rught, snd T would ke to quote from a major poet. Shahespenre
was, 1 tharih, &+ ery good phy siologst, and he desenibed age by saying
* when age hath drunk. hus blood and filled hus brow with lines and
wrnkles™  Now those are two aspects that we have ignored, We
have been told about the extracellular volume but not whether the
blood volume has changed 1n age, the wrinkles of the brow ¥ think.
must be d pattly by fiular water, and also by the
state of the collagen under the skn

Stryer+ As one of those who have somethung to do with hormones 1
have been struck by one or two pomnts more forwbly than by others
in thiy Vhen b are dered in relation to
electrolyte metabolista in ageing and with regard to sexual differences
¥ seems o me that we have two sets of data, both meomplete One
of them relates to ehanges 1n hormone production with age and sex,
2nd the other to changes 1 water and electrolyte metabobism with
sgeand sex. Forevarple we have the data on body compartments
that Dr Olesen gave us, which were very mteresting indeed, and I
wish I had kaown more about that side of the problem before I set
shoutmy owm task  We have, too, the expenmental evidence on the
development of hormonal responses with age and sex, and on this
pouit 1 feel there 15 something very fasemating which was touched
bponu thed but not ty elaby d § feel that we
nieed to determine more pre;sely the exact effect of sex, whether
113 mdecd hormonal or genetie 1 would ke to suggest to Dr
Desarlles that an

b of s exp mght
to carry them out on rats wisch had been castrated 1 utero by the

~F Tt and sut had thew sex d by the
i ~w so readily avalable
. 3s brought out very well by Dr

ifferential action of cortisol and

ssium 1 the cells as a result of

. altening the renal exchange of

tance of talang this imto account

+fK ratios a3 a measure of these
basized

sorae of the things which were not

seum seems to have come in for

i ;g !mfi colloqum‘tim ;\nd ¥ thunk the

thas moy It & Parathyronts hare o enaedy

«  the parathyroids have no e
Water metsholism except m hlgh!ypabncnm states hu: h!‘{remsiy:x:
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find, and certamly to a revision of the hind of language 1n which we
cypress our results I think that 1f we adopt a more deseriptine
termnology, and do not imply that one ty pe of orgrmism 1s inferior
to another, the physiologist, at least, can feel a little satisfaction
My tiurd pont 15 that we have not donc much i this confercnce
with the deseription of the intake side of metabolism, we have talked
about water and electrolytes almost entirely from the point of view
of output I reahze that we all think that we hnow a hittle more
about output than we do about intake, but perhaps we should have
made up our minds before we began the meeting that we knes
enough about outputs to feel semi comfortable and that we hnew
sufficiently hittle about intakes to feel distinetly uncomfortable, so
we might plan to see what we ean find out about them Lots of
people thunk that a regulation consists in an orgamsm taking
everything in sight and then getting rid of what 1s excessine Inmy
e\f tlusis a distinet my ption because whereintakes have
been studied, we find that they are at least s accurately regulated
and controlled as outputs If you give an animal a water deficit of
5 per cent of the body weight and sce how much water 1t takes mn the
first half hour of recovery from that deficst, you wiil find that its
accuracy of intake 1s equal to 1ts accuracy of output when 1t has an
cxcess of water from .- - ao-o
of a kind that must
ntakes are, so far as .
have not been able to recogmize spectfic way s i which the oramsm
resporndls to each of 1ts deficiencies, but we know that there arc
speetfic recogmtions for sodium and there may be more speeific
recogmtions for some of the other components If we can scc how
the orgamsm relates its wtnke to its defterts, and how specetfie those
relations are, we shall have made the sort of quantitative progress
that we hay e already been able to recogmize with respect to exerction
Dawson Prof Adolph has spohen as a physiologst, and there 1s
very Iittle Ieft for me to do except to re emphasize what he has smd
1 he organism s most dependent upon the reactions of certain critieat
cells wlich respond to mnute changes in their ens ironment, such as
ges in mag e on Tt scems quite miraculons that
the ccll could respond in these crreumstances, we know that st can
respond to o large Jump 1n its external potasstum, and we think we
Lnow the theory of that, but we arc usually concerned wath barely
measurable changes in the cell s environment  Consider, say, the
Alawn ~ bavanenr sentratinn of gas which s quite
ne can deteet the
esponding to some
]!;gf A([l"olp)l has




CHAIRMAN'S CLOSING REMARKS

MeCenge: On the opening day of this meeting Prof, Adolph dis-
msscld {he copacity of xt);e m%_anthhd‘ney to mantain Ehc ctirxgo;slg\on

wapbat e nt thav ama LN R4 ROYL Y GIOSITIRG Y Gt

O1%bether s large s olume of extracelinlar LG i Lne MWENL Wis of
any value or had any funchion Nobody took up this challenge or
dng,BSS_egl,huw the 1olume was normally maintamed

ted ta the point he made that the mfant's water reserves and find
ohumes were small relative to 1ts nommal requirements even for
the airculation and metabokic rate, quite apart from losses through the
skiz Dr Davson brought the matter to s head, 1 felt, 1 msisting
that size must be cleatly separated from ummatunty i thewr effects
an somatie function

Dr Shoch showed that 1 sdvanced old age, even apart from
disease, the end organ begins to respond in the same hand of way that
2 does 1n s ery early hife’ In both cases the end argan seems quite
cspable of dotng the work which nature mtended 1t to 80 1 a healthy
VErSOn of thet pme b bed oo cpn L 4 Bam bl gen memb boak

W usarkam internal aed

base control as perfectly as those of youny
ts Was an interesting pownt to me, ¥ d e

ns
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other hormones wluch recen ¢ ittle attention I think their hormone
descryes more thought than we have given it Among these other
hormones I would lihe to mention perhaps the thyroid  In myvoe
dema there 1s a profound alteration in water metabolism, and that
rmght hay e exeraised our thoughts too  Growth hormone is another
one which may be «ery unportant in the des clopment of some of the
responses winch vary with age, particularly mn the y ounger orgamism
Finally, the data wlich Dr Shock deseribed to us and on which
Dr Kennedy’s expenments also have o bearing, raise the question,
not completely solved, of whether the vanations mn renal function
wihiuch occur n sencseence are entirely due to the age changes in the
hidneys themsely s, or whether they might also be partly influenced
by the changes in hormone les els at that age I have inmind particu
larly the nltered relationship betw een the adrenal anabolic and cata
bolic sterords, which apparently moves 1n favour of the latter



CHAIRMAN'S CLOSING REMARKS
McCanze: On the opening day of this meem:g Pl:(if, Adolph dis-

waene broan

o mvtena 1 0 37 L Lt am n ah lavane ob the

Prof Rerpel Fronws's paper, which was read by Dr Young, intro-
duced some rather novel ideas which were discussed to some extent
but we raussed the onignator of them, snd X would prefer toleave you
1o male your awn interpretation of them  However, T was mteres-
ted i the pont he made that the wfant’s water reserves and flud
valumes were small refative to 1ts normal requirements even for
iﬁumﬂahunmdmctabohc vate, qute apart from Josses through the
:hn Dr Dayvson brought the matter to a head, 1 felt, in msisting
¢ size ust be clearly separated from ymmatunty in therr effects
UBDWmsn‘t‘m function,
it Shock sho
et e o b S 22050 013 28, S35, spat o

¢ W uiLesILY point to me
25
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‘T\- ™ . ~ o~ v LI . Smtc
m . - .o organ
an *© ) . . . ss the
efi * . ) w the

abnormality had been created.

Dr, Davson gave a clear exposition about the way in which the cells
maintam their electroly te metabohism and therr mternal structure In
other words he diseussed the cellular steady state as distinet from
bodily steady states. Ie pomnted out, which 1s very important of
course, that the cellular steady state 1s mamntained by the metabolism
of the cell itsclf.

Dr. K¥edeh, Dr. Desaulles and Dr Swy er put my fears to rest about
the hormone balance of the colloquuum  They ‘dcr'nonctmtcd both

(e LAdR I It sy

no: . . .
the way in winch v arsous glands elaborate and delis er their seeretions
and particularly the clectrolytes 1n them, and the way in which
their mode of action can be interpreted n the hght of their final
e = - worth further study for

' 1d only 1solate them and

N ' tions 1 relation to the

level of sodium, potassium, oxy gen, ete , in the serum and blood, how
mteresting 1t would be!

Dr. Karvonen’s paper about the genetic control of cilcctmlytc
.. o SN P

DOSIM 1 1LIC UE HULOLIL ki Skeaidy Slates i bt buty ne i v L
be under penetic control, such as the “hyperclectroly taenua™ of
- W v h ae A

wn3) necd s adanabicoryne

aspeets of electroly te metabolism are gotng to hecome more impuriant
s time goes on, and indeed a discussion of the hereditary trans-
mission of abnormal steady states and electroly te metabolism would
be a very mtercsting one

L R P Y

ot alletl UIC Lulipusives s o . A
Ercnﬂy affcct the amount of calewum and phospliorus in the bone
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T Talhns an o 0 wmanb  To nam  bha balam n oo af sha hind

AL (140 UEENL WISCUSSEA. DELOTE 1N Telation to the hidney
Dr hennedy d and synth d the 1nfc sbout
thagfer £07 g e AL TR Y LA BN
. Poor- g I DB a vt ra
T I LA T K LY

22d thus allow an abnormal steady state to deselop, but why and
bow Fhreole d mn ben T 3w 2 1 3

on ]

subjeul was congestrve heart farlure, and he discussed the renal and
a2 reasans for the retention of water and salt This con

sideration of the produstion of an abnormal steady state and the

Potassizm deficrencies which mught follow from 1t gave nse to a
NSS AN whask «mP L A 2

by -

de

[

n .

d

™ '

Pty Itiltarks )
We could have had more about the body as a whole We have not

dmﬁ much a5 1 should have hked about what mamtamns the

matunm make up of the body Why 1s 1t different at birth,

wht ty n&d i old age? VWhat mamtans these steady states,

deparn o o7 ke up the composition of the bodv? What causes

be '
w
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in foetal urine, 217
in rot body, 120, 121, 126, 182
n sweat, 63, 7
in tears, 64, 71
Toop e N
( T

€ [T . of

[N
221, 222

Cold, effect on osmolanty of cell,
°

I N

Congiestive heart fallure, aldo-
s{erone excretion in, 236,
292-293, 209, 300

cerebral hypoxin in, 236
humoral factors, 270-288
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eltect on diuresis, 13

effect on potassium cxeretion, 173,
172, 176, 178

effect on sodium excretion, 171,
172, 178, 170, 178

effect on water loss, 171, 172
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Antldiuretic hormone, 12, 37, 10,

47, 53, 55, 92, 218-210

in congestive heart fuilure, 280

Ar;:}l;ln. due to respiratory infection,

Sunsrer INbex

Chlorides
excretion of, in congestise leart
failure, 276, 277, 278, 23 1-283
in babies* urine, 211
ineny throq tes, 203
1n foetal urine, 217
in rat body, 120, 121, 12¢, 132
in sweat, 64, 74
in tears, 64, 71
losa of, durin’g Iabour, 90

q s of
ions in, 25-20, 28, 20
Ash, in rat body, 120~121
mln:lon to body composition, 118,

o

Bicarbonate, excrction of, in respir
atory acidosis, 205-206
in pancreatie juice, 04
1n parotid saliva, 64
Blood-braln barrier, 26
Blood volume, effeet of nge, 213

Body, composition of, effect of
protein and mineral intake,
116-188

water in, 102-11%
Bone, magnestum in, 309

Calclum, effect of dict on, 120, 121,
127-128, 12, 198
in body of rat, 120, 121, 127~128,
132,138
in foetal urine, 218
Carbonic anhydrase, 218, 223
control of urinary pIl 210
Cerdlac autput, effect on kidneys,
2734, 248, 267
n congestise faflure, 272, 276
Castration, 227
effect on adrenal glands, 107-108
Cells, ope changes in, 100-205
electralytes and water In, 15-33
electrolyte transfer in, cflect of
hent, 10
metabrane of ,permeability of . 16-31
csmatic equiltbrium of, 18
Cerebral hypoxla, in congesthve
heart failure, 236
or pinal fluta,
of jons in, 25-20
Chlldren, water in body of, 101100
Chlorides, clfect of dict on, 120,128,
2

26, 152

ho: membrane, 218

Circulation, cffects of deficiency of
water, 160, 163

Citric acld, excrction of, 217, 218,
o1, 222

Cold, effcct on osmolanty of cell,
2

Conglestlve heart fallure, aldo
sterone excretion in, 230,
202-293, 208, 300

cercbral hypoxia in, 286
humoral factars, 279-288
neural factors, 270288
renal changes in, 275-270
renal function in, 271-273
salt and water retention in, 283~
203
water and electrolyte metabohem
in, 271-300
Connective tlssue, water and clec
trolytes in, 27
Cor pulmonale, renal function in,
260-207

Cortexone, effect on potasslum ex-

cretion 171, 175
effect on sodium cxerction, 174
175, 177

effect on urinary output, 187, 188,
192-184 100
Cortisone, effect on adrenal glands
176

effect on dlurexis, 19
effect on potassium excretion, 171,
172 176 138
effect on sodium exerction, 170,
172 173, 196, 178
effect on water Joss, 171, 172
Creatinine excretion, 210



Supsect INDEX 825
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Infants, electrolyte metabolism in,
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water retention in, 96-98
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in plasma, 09-100
Malnutrition, effect on body fuids,
56-157
Menstrual ) clé, ncid base balance
during, 03
effeet on water and electrolytes,

81-8§
clectrolyte changes during, 53
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composition of, 23
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Qestrogens, clfect on water retens
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excretion of, changes due to nge, 01
Osmotic diuresls, 40
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sodium excretion in, 63, 03, 7
urea §n, 68-69

Parenteral fluld therapy, 144,

146-113, 151

Parotid anllva, bicarbonate In, 63

potassium excretion in, 63, 634,
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