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INTRODUCTION

GEORGE A PERERA, MD
Department of Medicine, Columbia Umiversity College of
Physicians and Surgeons, New York City

The subject of this year s conference makes me think of Rachel L Car
son's best seller The Sea Around Us  perhaps our theme might be called
Hjpertension or the Sea Wathin Us

I hope now to bring us all up to the same starting pont at the water s edge
so we can swim together As you know jou and I are about sixty percent
water Into this medrum the good Lord dumped a little more than one pound
of salt That pound according to some authorities 15 a mighty busy one It
races around so that well over fifty pounds cross the walls of our blood ves
sels m one direction or another 1n the course of a day About three pounds
are filtered through the glomeruli of our kidneys daily — all but a tea poonful 1s
reabsorbed Plus or minus one or two teaspoons 1n via the diet and one out
via the urine and we remam 1 balance with mechan ms available to han
dle a variety of conditions — from low salt diets to Smorga bord from the
Sahara to an overdose of cascara

The hypertension story 1s as follows Based on the theory that there may be
chloride retention in hypertension Ambard and Beaujard 1n 1904 reported
that the blood pressure fell after salt poor diet Pfeffer in 1911 shufted the
emphasis to odium rather than chlonde Allen and Kempner hive been
among the enthustastic supporters of low odum diets 1n hypertenston To
day after considerable controversy and a volumunous literature it 15 ac
cepted generally that rigid sod:um restriction will often lower the blood pres
sure and that this 1s achieved directly on the peripheral re tstance through
the modifi of a non Most of us would agree
that <ome patients have fewer ymploms con"estne failure 15 helped and
retmopathy 15 improved We debate about the hearl size after salt restriction
feeling that only the fathing heart gets smaller We are troubled about the
ltmitations and restrictions 1mpo ed on the patient not only becau e of the
unpleasant features and the unpalability of such drets but also becau e they
do not eem to help the kidneys very much 1n fact 1f we re trict the salt
too much 1n the pre ence of renal damage the kidneys may lo ¢ too much

alt with resultant symptom and further impairment of renal function The
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bentfits of the e low salt diets on blood pressure are less evident 1n patients
with the accelerated form of hypertension

Let us briefly ummarize a few of the re ult which have been reported on
the experimental 1de In many forms of experimental hypertension the ad
dition of sodiam chloride eems to make the hypertension worse and the
pathological changes more advanced We are under the impression that the
hypertensive patent tolerates a low odium diet somewhat better than a
normoten ne subject 1f there 1s no renal damage pre<ent and that other dif
ferences 1n e pon o are pre<ent such as a omewhat greater sodium diuresis
when hypertensive individuals are treated with thiocyanates There are re
ports of an increa e in odium 1n the va cular mu culature of hyperten 1ve
animal of increa es in total exchangeable odium and of an abnormal dis
tnibution of tissue electrolytes in hypertensive subject Desoxycorticosterone
requires at least <ome dretary salt for its pres or action Finally several
groups have reporied that there 15 an angmentation and perhaps an mcrea ed
rate of excretion of a odium load when guen to hyperten tve subjects n
companson to control tudies 1n normotenaive individuals

There are al o some puzzles For example low sodium diets reduce the
blood pre sure but also timulate the elaboration of aldo terone why non e
1n blood pres ure? Desoxycorticosterone 1n the pre ence of odium elevates
the blood pressure and lowers the total amount of pota sium 1n the body but
thete are everal reports that a low pota sium diet may lower the blood
pre< ure The rauwolfia alkaloids Jower the blood pres ure yet on occasion
cau e sodium retention Why no elevation of blood pressure 1n these ca es?

Refore closing 1 hould hke to mention a few of the reasons for caution m
the way we conduct our tudies Many reports in the literature dealing with
sodium restriction or load fail to consider the antecedent diet of the patient
For example 1t takes on the average at lea t four days after a change 1n
diet to achieve electrolyte balance therefore an adequate ba eline 1s e~ en
tral Furthermore there are big differences 1 patients who have a Iutle renal
damage as compared to tho e with no renal damage One must be certain
that renal respon ¢s do not reflect damaged kidneys rather than di turbed
metabolism

The weight of evidence today favors an a ocration between sodium and
the blood pre sure There are many reports now that lend support to the 1dea
that there 1s a di turbance 1 sodium metaliohsm 1n hypertension What 1s
cau e and what 15 effect remamns to be een whether sodum 15 related to a
fundamental mechan1 m 1s till 1n doubt [ feel sure that some of the peak
ers 1n this sympo rum will bring us much closer to the truth about the cea
within us  and perhaps in this way we will be a little le s at <ea






SODIUM AND HYPERTENSION

SIMONRODBARD,M D ,,Ph D
From the Unicersity of Buffalo Chronic Disease Research Institute,
Bufjalo, Newe York

RELATION between the blood pre sure level and the amount of salt
mnge ted has long been ugge ted by the hypoten ne effects of low
salt diets 1n some cases of hypertension (1) and m pre eclampsia (2) as well
as by the clinical value of a high salt intake in the control of the hypotension
of adrenal nsufficiency (3) A high alt intake can produce r1 es m blood
pressure 1n a variely of expenimental amimals similar mechani ms may be
operative 1n the production of e« ential hypertension in man
A timulus to the following epidermologic study was the apparently high 1n
cidence of hypertension among Negroes The mmpression that this race was
larly subject to hyp had zlready been sugge ted by <everal
sta hical studies from the South (46) from prison populations (7) and
from the tropics (8 9) Etrologic factors uch as diseases of the kidney the
adrenal gland or the nervous system have not clarified the mechamsms of
hyperten 1on mn these ca es Environmental factors such as previous his
tory and occupation usually provide no significant clues Recently a urvey
of the hypertenston produced n amimals by a high salt diet impelled u
to re examine the possible relation between salt intake and blood pressure
level
A further stimulus to this study came from the report of Dahl and Love
(10) who asked employees of the Brookhaven National Lat y whether
they alted therr food before tasting after tasting or rarely Therr results
showed that patients with blood pressures above 140/90 had a greater ten
dency to salt their food before tasting while hypertension was imfrequent
1 individuals who rarely salted their food

Salt Ingestion in Man

In this cooperative tudy with Dr Milton Terris of the Department of
Public Health and with Dr Franklm Zeplowitz a questionnaire was de
signed to obtain information on the salt ingestion habits of patients in the
associated teaching hospitals of the Umiversity of Buffalo School of Medi
cine The study was broadened to include Whites as well as Negroes and
a total of 210 patients was studied

The medical records of hospitalized hypertensive patients were examined
by a medical student for comparison a normotensive on the same ward

L del Ly a grant f om the Un ted States Publ ¢ Health § rvice Nats nal Hea 1
Inststute 1 271
The Chrome D aso Research In titit 15 supported n part by a grant f m the
New York Statc Department of Health
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who was matched as far as possible for age ex height weight race and
occupation was also selected These data along with the dizgnosms the
duration of the stay 1n the hospital and blood pressures on admission while
1n the hospital and at the time of the questionnaire were placed on a spe
ctal form The names of the matched pairs without other identifying data
were then given to a second student who used a second questionnaire to ob
tain nformation on previous habits of det salt and water intake

Analysis of the data obtained showed that the following factors did not
correlate with the blood pre sure presious residence m the South amount
of salt used 1n cooking whether the patient salted his beer or watermelon
the volume of flurd taken and the degree of nocturia Blood pressures ot the
patients correlated poorly with the cause of death of parents although more
than twice as many hypertensives as normotensives reported a stroke m
their parents

Out of the 240 record obtained many were elimnated becau ¢ of acute
alcoholism (which usually gave r1 e to transiently elevated blood pressure
levels on admission) a tay in the hospital of more than one month pn
mary renal disease and previous treatment of hvpertension as well s for
unmatched case The remainder of the data could be matched satisfactorily
for 126 patient The e records were then divided mto four categories ac
cording to the diastolic pre sure at the time of the interview below 80 mm
Hg mthe 80s 1nthe 90s and above 100 mm Hg Three ets of correl
tions then appeared

Only margmal support for the peesfic findings of Dahl and Love (101
appeared 1n the answers to que tions concerning the salung of food prior to
tasting Thus twenty five percent of the patients with diastolic pressure
below 80 mm Hg salted their food before tasting thirty percent in the
group with pressures m the 80s forty five percent with pressures mn the
90s and forty percent (m patients with diastoe pressures of 100 mm Hg or
more (Fig 1) Our data therefore suggest that the simple salting of food at the
table prior to ta ting 1s not a sufficrently satisfactory sign of the presence of
a ra1 ed blood pre sure

A better correlation was found between the blood pressure level and the
Tespon e to a question concerming the amount of salt used at the table (Fig
2) Thu eventy percent of the group with pres ures helow ninety stated
that they used either httle or no salt at the table while eventy percent of
the patients with pressures of minety mm Hg or more stated they used some
or much salt at the table

It 1s immediately apparent that the e qualitatne terms are eriously
Timited 1nce what may seem to be much for one patient might be Litle for
another Nesverthele « 1t was of interest that o many hypertensives eemed
to think that they u ed con<iderable salt at the table while normoten 1ves
generally had a contrary impre ston
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Support for the thests of a higher salt intake 1 hypertension was found in
an analysis of questrons concernmg the intake of highly salted foods A sig
mficant correlation was shown between the blood pressure level and the
number of highly salted foods which each patient reported he ate regularly
(Fig 3) A Det of fifty ighly salted foods was read 1o each patrent and he

DIASTOLIE
ABOVE 10 mmHg % Pts eating more than 15
( highly salted foods weekly
90 83
80 83
BILOW 79[
P I S S S S S S S ST S S
[ 20 3 40 50 60 0 (]

% Pts 1 each BP group

FIGURE 3 Percentage of approximately thirty patients in each of four diastolic
blood pressure levels who reported that they ate more than twenty five highly
salted foods at weekly intervals

was asked 1f he took each of these daily weekly monthly or rarely The e
foods included salt or smoked fish herring cod clams crab meat flounder
oyster  fresh or canned salmon tuna and sardines among the meats listed
were corned chipped or dried beef canned chicken smoked meats ham
salt pork bologna salami liver sausages and [rankfurters vegetables
cluded sauerkraut canned corn 2 paragus mushrooms or tomato juice
olives beans chih canned soups <alad dressings and mayonnate  alted
<nacks mcluded french fried or chipped potatoes pretzels salted soda
crackers chee es nuts and dairy products ncluding buttermilk salted butter
or margarine

Only tnenty percent of the pahents with blood pre sures le s than eighty
mm Hg ate twenty five or more of the e alted foods at approximately weekly
intervals forty percent of the patients with dia tolic pressures in the £0s and
fifty fine percent of tho e with pre ures in the 90's reported more than
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twenty five such foods being taken while eventy five percent of the patients
with pressures of 100 mm Hg or more reported this higher intake of salted
foods

The data pre ented above suggests that hypertensive patients may have a
greater than normal appetite for salty foods A possible relation between
salt intake and hyperten 100 has recently been emphasized by Mo er (11)
who reports that hypertension 1s so common in the Bahamas that almo t
everyone on these 1 lands has a relative with the high blood or has had
a troke or has died of hypertension In some of these 1 land the drnking
water 1s sard to contain a hugh concentration of odium chloride A chmeal
1mpression 1s that half of the West Indians over age of forty actually have
sy tolic hypertension by commonly accepted crtenia More than twenty
percent of the males and thirty percent of the females in the third decade
of hife had diastolic pressures over 100 If ninety mm Hg were accepted as a
criterion for diastolic hypertension two thirds of the 1 landers over forty
would be 1n this classification

A remarkable finding 1n the Bahamay 1s the high alt intake on <ome of
the 1slands (11) As a ba eline we may conuider that the water supply 1n
Na sau and ome of the cuter 1 lands 15 said to contain three grams of sodium
chlonde per iter 1 Eleuthera one of the maller 1 lands 1t 1s five grams
per iter If some of these natives consumed two liters of water a day they would
be gething ten grams of odium in thexr daily water ration alone The Ba
hamans are reported to drink a great deal of water becau e of a con tant
thirst pos 1bly induced by the hot chimate as well as by a high salt 1ntake
Further 2 common item of the diet 1s salt pork which contamns about eight
grams of salt per pound

While the relation of salt intake to hypertension 1s only now under n
tensive climeal investigation a considerable hterature on such a relation i
amimals has appeared 1n the la t decade

Salt induced Hypertenston

Hypertome salt solutions as drinking water have been demon trated to
raise blood pressure 1n various experimental ammal Some years ago we
showed that the addition of table alt to the drnking water of the chick
produced a rise 1 blood pressure within a few days (12) Thus 09 percent
sodium chlonde 1n the drinking water produced a pre~ ure n e {optical re
cording} from an average of 133/12:1 mm Hg to an average of lao 135
mm Hg in two weeks When the of salt was dto 12
percent the blood pre sure increa ed further to 180/150 mm Hg Within
a week after notmal tap water was provided the pre ure fell harply to
the control level When the amimals were again placed on drinking water
contaiming 1.2 percent salt the blood pre ure ro e agam falling toward
normal at a somewhat slower rate when the antmals were once agamn per
mtted to drink tap water The ratio of wet heart weight to body weight
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the amimal might properly be considered to be hypertensive compared with
its own basal level It 1s probable that sirmlar problems of differentiation of

normotensives

from hypertensives

with pressures m the upper range of their distribution
i the lower range of their distribution are also

SYSTOLIC .
mmHg
20-
RATION CONTAINS o
B wa s
2200 L)
210 .
20 - e e0 ©
. 2
190~ .
o0 o]
189 © o
L o] 2¥¢ )
1) . c
LY gle §
160! LI a¥e) WATER
- ®= A0 LIBITUM
. ; O= LIKITED
g )
120 30 10 150 168 10 180 186 200
mmHg DIASTOLIC

FIGURE 5 A plot of systolic vs diastolic arterial pres ures 1 chicks at €lteen
weeks of age All amimal had salt added 1o thewr mash The sol d dots represent
values for chicks taking tap water ad hibiuin The open circles represent values
for amimals receivang 1 mited drinking water

pre ent in man This would suggest that the measurement of the blood pres
ure alone may not be <ufficent to determme the pre ence of a hyperten 1ve
proce s 1 a given mdwidual

The reduced pul e pressure of the ammals on the alt diet may be related t¢
changes 1n aortic tone or to a reduction in stroke output The e mechan) ms
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have not yet been analyzed in our laboratory The change in pres ure 1s
probably not a sociated with change 1n body flud compartment While a
tran ient edema appeared hortly after the on et of a high salt ntake the
weight fell in hort term experiments at the end of the first week on alt and
1t was assumed that dehydration had probably taken place This sugge ted that
one of the contributing mechani ms may be the relatine amounts of <alt
gested compared to the water available for its excretion

Water Intake Expertments

To test the role of water intake 1n salt fed ammals experiments were
carned out 10 sixty chicks given ma h to which table salt was added In
the econd week of life one percent odwm chloride was ruxed with the
mash this was increased to three percent during the period three to 1x
week to five percent during the sixth week o six percent during the eventh
week and to ten percent during the last eight weeks of the experiment

Unlimuted drinking water Half the ammals were allowed fre h tap water
ad libitum The feed intake per kilogram of body weight was approximately
equal to that of animals on a normal ma h diet wilhout salt These ammals
gained weight at a normal rate and howed no 1gns of toucity Twenty
four of the thirty ammals survived to the end of the study The blood pre
sures 1n these amimals averaged 1857145 with a mean of 160 mm g (Fig
5) and a heart rate of 330 beats per mnute

Analysis of the data howed that some of the animals had dia tolic pres
sures below 130 mm Hg or dwtinctly within the normal range MNine of
the twenty two chicks tudied had diastolic values of 150 mm Hg or igher

Lunited drinking nater Another group of thirty chicks was given the
same alted diet except that the.e ammal were provided with only ten
percent of the water taken by the first group These ammals howed toxicity
and a large number of them died during the course of the experiment The
ammals grew poorly weighing only half their control The heart rate of
ome of them was as slow as 250 beats per minute but the slowed rate was
unrelated to changes 1n pre< ure or 1n pul ¢ pres ure At the end of the ex
periment the blood pre sures 1 this limuted water group were es entially
sumlar to the comparable group which had acce to unlmited drinking
water {Fig 5)

Compar1 on of the re ults obtained with the preceding two groups hows
that the development of toueity as indicated by poor growth can re ult from
a high alt intake However the avalability of an adequate upply of
drinking water reduces this mamfestation of toxicity By contra t the hyper
tensive effects of a high salt mtake eem to per 1t whether or not uch
toxicity 1s present Furthermore the hyperten 1on induced by 2 high <alt
intake appears unaffected by the availability or re triction of fresh drink
ng water

Animals tahing salt in the drinhing water took more salt and had gen
erally higher pre ures than did tho e taking slt mixed with the mash

s
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This may uggest that the hypertensive process 1» a function of the tota!
quantity of sodium 1ngested The anumals taking the most <alt alsa had Jarges
adrenal glands per hilogram of body weight (Table 1) In man with es ential
or renal hyperten ton the adrenals are al o reported to mncrea e sbuul
twenty five percent 1n weight(13)

Tasie 1
EFFECT OF SALT ON BODY AND ADRENAL WEIGHTS IN CHICRS

Number of Average Adrenal Pt Salt added
ammals  Weght Body Wt g/e/
k;

4 x 10¢ day
Water 39 17 9 0
Saline 13 09 14 9
Water
ad Iib 21 17 0 >
10% Salt
an ration
Limted
Water 18 09 10 5

(See text for details of expermment)

Self Selection Lxperiment

Excess alt intake disturbs water balance and polydipua and polyuna
develop Di turbances of the electrolyte pattern brought about by salt or
desoxycortico terone admuni tration <how that these changes depended on
renal functton We have examned the role of the kidney m the mechamsm
of polydipsia and salt hunger (14) Rats were placed 1n Richter elf selec
tion cages (15) each with four graduated tubes contaiming esther tap water
ar olutions of five percent glucose 09 percent soditm chloride or 09 per
cent potassium chloride The control ammals preferentially took a daily
average of eighty ml glucose solution and 1< ml of sahne The admunsstra
tion of de oxycorticosterone caused the ammals to increa e their saline m
12ke 1o eighty ml of saline 1n addition to the usual glucose intake On the
first day after total nephrectomy the amimals sharply reduced the saline 1n
take to eleven ml although an average of thuty two ml of gluco e ohunion
was taken A mall amount (ten ml ) of gluco ¢ <olution was taken on the
<econd day but calite was avorded No flud were taken on the third and
fourth day after nephrectomy

These results indicate that the increa ed odum appetite induced by
de axs e 15 d on a o g diuresis It may be con
sidered that the admn tration of DCA ra es the abiity of the cells of the
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body to hold sodmum and 1n this way causes a relative alt deficiency or
hunger The taking of odiwm by mouth then cau es considerable pillage
which must be replaced W hen the loss 15 stopped as after bilateral nephrec
tomy sodum appetite ceases The role of these odiwm exchange mechan
1sms 1n the development of hyperten 10n remams to be determmed

DISCUSSION

A number of workers hold that artersal hypertension 1s secondary to a
disturbance 1n the salt water balance n the body Eichelberger (16) has
shown that the sodium chloride content of <keletal muscle increa es i renal
hypertenaive dogs while the | i and the e 1] water
tend to increa e Green and Sapir ten (17) have noted that 1n hyperten ne
rats m which only 2 portion of one kidney remamns intact the total body
body odium increases as much as twenty five percent Since the plasma
sodium remaimns at normal level and the extracellular space 1s not markedly
expanded some of the retained sodwm probably enters the intracellular
compartment Braun Menendez (18) holds that an increa e and mald: tribu
tion of odum and water occurs m the three types of hypertension 1nduced
by disturbing the renal blood flow by removing both kidneys or by ad
minstermg desoxycorticosterone

Hollander and Judson (19) have shown that hypertensive patients have an
increased ability to excrete sodium perhaps associated with an ncrea e
intracellular sodium They also sugge t that the di tribution of sodium rather
than 1ts total 1n the body mght be related etiologcally to the raised blood
pres ure Muirhead ez al (20) have reported that the admimstration of
pressor drugs produces a rapid mea urable fall 1n the pla ma odwm with
& concomutant nise 1n potassium they believe the e changes reflect the en
trance of sodium into the cellular compartment as potassium leaves the
celt These effects are rever ed at the end of the pressor wmfu ion Sumilar
1on1c changes 1 the pla ma have been obsersed by the Friedmans (21)

Tobian and Binton {22) have reported that water and sodwm accumu
late in muscle brain and 1n the blood ves el wall of hypertensive animily
and they have suzge ted that the increa ed peripheral rest tance may rewlt
from edema of the vessel wall Such edema could act to reduce the Tumen
of the arterioles From physical con iderations even 8 mall reducts n fyy
the radmus of a blood ve el would markedly reduce the blood flow fhy nzly
it {Posemlle) unless a higher pressure were provide

The blood pressure will fall 1f ufficient odum 1s 1o t from the budy oy
oceurs 1n ngid dietary odm re triction i man For many Years » o (f,r
effect could not be produced i the dog 1ince the sodiim con (rvyr g fir
tion of this animal 1s o efficient that sodium lo s 1s mummal even undey 1y
ditions of nigid restniction (23) The odium blood pres ure relatior ¢ ¢, 14
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even mn this pecies however since intensive peritoneal lavage can reduce the
plasma sodium from about 145 to 115 meq per hter with a reduction of the
blood preseure to normal 1n hypertensne dogs Normotensive dogs subjected
to the ame procedure have no fall i pressure (24)

Sodium restriction al<o reduces the blood pre <ure of hypertensive rat
and 1ncreases their sursival time (25) Somehow the e anmals seem to ap
preciate this physiological situation since they will decrease their sodium 1n
take when a choice of drinking olutions 1s permitted Thus low <alt prefer
ence of hypertensne rats 1s mamtained even after adrenalectomy during
admmustration of desovycorticosterone or dunng a forced mereased fluid
intake {26) On the basis of more complex experiments using the parabiotic
rat Ledingham has shown that the hypertension which develops 1n a nephrec
tonuzed parabiont 1s followed by a return of the blood pressure to normal
upon removal of the adrenals of the hyperten ne ammal Ledingham (27} thus
feels that the rarsed blood pressure 1s due to an adrenal pressor material normal
ly ehminated or neutralized by the kidney In previous studies we have hown
that the pre or principle of Goldblatt hypertension 1s elminated by a <im
ilar mechamism that 1« by the metabolic activity of normal hidney 11 sue

(28}

A factor which probably contributes to the difficulty 1n determuning a
quantitative relation between sodium intahe and the blood pressure level 1s
the complexity of sodium potassium balance Thus a high sodium intake
can lead to a period of arterial hypertencion but this may be followed by
the devel of severe hypokal d weakness and a fall

1n blood pressure to normal or even subnormal levels (29 31) The reactivity
of the arterioles appears to be mvolied 1nce the pres or re ponses to ept
nephrine norepinephrine remin and angiotonin are dinum hed (32) The
mechanism appears to depend on the hypokalemia since admunt tration of
pota sium  alts to uch ammals cau es a return of vascular reactvity to
pres or drugs within an hour or o (32) In the absence of the adrenal
gland pota sium repletton or retention does not result ;m a r1 e m blood
pres ure The admn: tration of corti one or ACTH will restore the reactivi
ty and tend to rawe the pressure (33) Simlar effects occur m man (31)
For example orthostatic hypotension occurred 1n a patient who was sub
ject to chrome pota jum Jo s pola sium replacement 1mproved the abilty
to regulate the blood pressure (31)

The<e hypotensive and a themic responses are related to the exce s renal
pota sium wa tage induced by a high salt intake The sodum con erving
function of the kidney 1s so efficient that this 1on tends 1o be reabsorbed
from the glomerular filtrate in the renal tubule however a potas mm 10n
mu t be excreted by the tubular cells in order to accomplish some of thiy
<odum reab orption (35 36)
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The phystological actions of <odiim and potassium balance have long
been studied 1n the 1 olated heart More recently attention has been called
to the ubiquitous redox pump which normally pumps sodim out of the
cells while a high p: 10n within the protoplasm
{37) This action depends on the pre ence in adequate amounts of pota stum
1n the extracellular flid For example when the concentration of potassium
i flud  urrounding frog skin 1s dimmshed the normally high ntracellular
pota 1um s dumimished while the intracellular odum which 1s normally low
ncreases (38) Conway (39) has recently hown that the sodium pump mech
anism 1n yea t cells 1s more effective when pota sium 15 pre ent in the extra
cellular solution DCA appears to weaken the ability of the cell to ehmunate
sodwm from the protopla m (39)

It 1s evident that desoxycorticosterone and certamn other steroids modify
odwm exchange DCA given mn large do es to dogs produces hypertension
assoctated with d1 turbances 1n salt water balance and this may per st for
weeks after ces ation of the compound (40} This hyperten 10n 1s potent:
ated by a simultaneous admum tration of sodium salts (1144) DCA pro
duces an early retention of sodium and water followed by an increa ed
renal lo s of the ¢ materals Sub equently a odium appetite and hyperten
sion develop The di turbed odium balance induced by DCA 1s evident 1
tissues other than the kidney smnce the weat glands (45) and the terminal
ileum (46) al o show a reduced odium excreon Long term DCA ad
mumstration will ultsmately result 1n a depletion of body potassum with
the development of a thema and a tendency to a fall 1n blood pressure 1m
slar to that produced by exce s alt ntake The physiological 1gmificance of
DCA has long been 1n que tion However aldo térone has es entially sim
ilar phystological effect It 1s of pecial intere t therefore that arteral hy
perten 1on 13 reported to be as ociated with a tate of mild chromc hyper

as d by urinary rdies (47) Other sub
tances may al o produce blood pres ure changes Thus Selye has usge ted
that omatotrophic hormone ncreases the en itivity of the rat to alt or to
DCA with the induction of hypertension (43) and that other sterords uch
as methylandro tenediol can raise the blood pressure although this latter
hyperten 1on can be prevented by adrenalectomy (49)

When the mechanism of € ential hypertension 1s finally clanified salt and
water regulation will probably play a 1gmificant role m ns pathogenesis The
ladney as the ulimate organ mmolved in electrolyte balance would appear
to be a key tructure in determining the blood pres ure change The adrenal
corhical effects on 1onic balance and neurohypephy 1al effects on water ex
change probably contnbute less directly
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SUMMARY

A questionnaire survey of salt intake habit of 126 maiched ho pitahized
patients resealed that hypertensives were more hikely to u e ome or much
<alt at the table while normotensives generally reported lttle or none salt
usage The hypertensties al o reported they ate regularly (weekly) a larger
number of highly alted foods (eg potato chips french fries alt pork
ham fish ete ) than the number of these foods reported taken by the normo
tensiies

In expersments on chicks addition of 12 percent table <alt to the drink
mg water or 10 percent salt n the mash resulted 1n 2 di tinct 11 e 1 blood
pre sure 1n most of the ammals Ammals on a high salt hmited water intake
tended to be stunted 1n growth and to have a high mertality rate The groups
taking the greatest quantity of salt had the highest blood pressures the e
ammals also <howed larger adrenals per umt of body weight

Some mechanisms mvolved 1n salt water balance and 1n blood pressure
regulation are discus ed
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DISCUSSION

Dr Georce A PERERA [ hate everal questions I am troubled about
the West Indies becau e on ome of the 1slands the incidence of
glomerulonephritis 1s ligh 1 am troubled that m New York the greater
tendency of Negroes to develop hypertensive di ease 13 limited to malig
nant hypertension does an excess of salt affect only one form of hyper
tension? When we have corrected for age we have been unable to find any
difference 1n dictary sodium 1intake or sodmum excretion m the urine m hy
pertensive versus normoten nve ubjects Dr Podbard did you take age into
consideration? I su pect as we get older our dietary habits change

Dr IRvise H PaGE The 2 essment of the amount of alt people take 15
i ome ways ea ter and i ome more difficult than the amount of fat they
eat I have tried the interrogation method with many patients and am al
together unconvinced that many of thewr an wers are reliable True there are
people who eat extreme amounts or have no taste for 1t at all and they hnow
it I am concerned with the run of the mine hypertensine patient who has no
trong feelings one way or the other

When I was working with Dr Van Slyke at the Rochefeller In titute he
in 1 ted that a daily or tri weekly urinary chloride was the only way to get
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an 1dea of salt intake even when the diet was believed 10 be rigidly con
trolled This I learned to beheve after we found a patient getting a large
amount of <alt from her tooth paste Thus I hesitate to accept <urveys pur
porting to deternune alt intake Until salt 1s actually mea ured I doubt if
an eprdemiologtcal survey would be meaningful

As you know Dr Corcoran will head an expedition to St Kitts 1 land
to study the mcidence of vascular disea ¢ and 1ts relation to the diet e
pecaally as it concerns salt mntake We know of the high incidence of strokes
1n Japanese fishing villages when salt 1s u ed as a food pre ervative 1 fan
t2 tcally larpe amounts

It 15 too easy to convince your elf of the validity of your own precon
ceved notions with an epidermological survey For 1n tance a physician
Cleveland 1s convinced he has shown a direct relationship between hyperten
1on and eating pepper and highly ea oned foods This ummer he pub
lished a note showing hypertension could be <o produced in rata Now he
1> more convinced than ever You will al o recall the supposed relation hip
to tale coffee I would therefore plead for much more careful and penetrat
ng eprdemiological studies before a stand 1s taken which then the 1mve b
gator feels mpelled 1o defend

Dr StNEy FRiEDMAN T too like Dr Perera am puzzled and troubled
by a number of things With Dr Page I think the & ociation of alt intake
with the pre ence or absence of hypertencion 1s at the moment 1 matter of
a ociation only We find that 1f ngh <alt diets are given to rats for sufficient
periods of time (three to five months) the hyperten 1on tends to disappear
It 15 a long jump and a hazardous one from the amount of salt taken 1n to
exactly how the salt 1s being handled 1 think the sodium handling mechan
1 m 15 of fundamental 1mportance and directly determines the tate of tonus
of the smooth muscle cell Therefore salt intake may be e sentially deter
mined by the alt output and that aved for the body It seems rather tricky
to try to deduce from measuring one of the parameters exactly what the re
lattonship of the alt mtake to the blood pressure level 1«

Regarding adrenal «1ize I have an anatomical bias I feel it 1s difficult to
decide on the basis of size whether or not an organ 1s hyperfunctioning It
may be impossible to decide whether a measurement of increase 1 size
should be ba ed on absolute size of that organ related to the animals age
or computed back to the ammals weight The method chosen may lead to
entirely different results the interpretation of which 15 determined by per
<onal bias

Dr Georce R Meneety We tudied 3000 human beings in one group
and another smaller group Among the first there was abeolutely no correla
tion between the amount of salt they said they ate and their blood pressures
We did codum excrenon for 24 hour persods on a few of these youn,
draftees and found no correlation with what they said they ate
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The other group came from an indu tnal plant Indu try 15 becoming
hughly 1ntere ted in this que tion  1nce 3t 15 well known that the mo t valu
able employee 15 the one with years of ervice and hypertension cau es a
relatnvely high lo s rate for uch employees Some ndustries which have
men working m a hot environment requinng the u e of alt tablets are qurte
concerned about the salt question In this mdu trial population we did find
a correlation between the stated salt intake and the ob erved blood pre sure
Ths group was middle aged similar to that ob erved by Dahl and all were
healthy enough to work Some other group mentioned here were also

elected 1n that they were patients 1 beheve this election of special groups
18 bia ing the data on po «ible relations between human  alt intake and blood
pre ure

Dr Hevey A ScnroEDER The question of course 1s whether you get
hypertension by eating salt or you eat more salt because you have hyper
tension One of the best places to study this matter 1> where the salt duet 15
higher than 1t 1s here The measured ntake of the average Japanese 1s about
ten grams of sodum chlonide a day Sodwm intake 15 said to be much
higher (up to thirty grams per day) n certain Japanese fishing villages and
rural areas At a meeting of the Japanese medical ociety last Spring I a ked
about twenty five people 1f they had mea ured urnary output of sodium or
chloride 1n hyperten 1ve and normal people to find out how much sodium
they did eat and nobody had The Japane e had a habit of feeding soldiers
extra salt m Manchuria in cold weather because stadies howed that this
practice rar ed the metabolic rate The Japanese have more hypertension n
some age groups particularly in women over forty than we do statistially
and about as much as we have mn other age proups

About two years ago Dr Homer Smuth said there was one thing we knew
about the hypertensive hidney — and much of this comes from Dr Hoobler s
laboratory —that 1t a_alt losing kidney Now 1f it 1s 2 alt losing kadney
and if as we belteve the sea within us 1s constant and must remain a con
stant or we will get sick Ithe Dr Rodbards dogs with low serum odium
levels then 1f we loce salt we have to eat more salt This 1s a question that
mu t be studied more extensively

Dr ArTHUR M Fisuperc The percentage of patients with es ential hy
perten ton 1n the ho pital 1n which I work and i my private practice who
develop mahgnant hyperten 1on has decrea ed teadily over the lat
twenty years This experience 15 contrary to that in ome mumeipal ho pitals
particularly those that care for a large number of Negro patients I now
find 1t difficult to find patients with papilledema 1n the malignant phase of
es<ential hypertension to demon trate for didactic purpo es The only ex
planation I can offer 1s this the private patient and al o the type of ward
patient we have do not eat much salt Doctors and new papers hate taught
them altys bad for them While not on 2 low odium diet certainly not
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on any approach to a 200 mg figure they consume far less salt than be
fore The decrease 1n the proportion of patient with e sential hypertension
who enter the mal pha e long dated the widespread u e of anti
hypertensive drugs but has been accelerated <ince

As regards heredity my expenience differs with that of Dr Rodbard per
haps because histories are more easly obtamnable In my material the
enormous importance of the genetic factor 1n the causation of escential hy
pertension 1s clearly discernible

Dr Jouw H Mover 1 would like to refer back to basic mecham m
About two years ago we tudied the effects of aline infusions over a pro
longed period of time 1n lightly anesthetized dogs Our mortality rate was
extremely high climbing to eighty percent after an infusion of twelse hours
or more When we used five percent gluco e 1t was probably less than ten
percent which raises a question which I po e here In postulating that the
effect of <alt 1n hypertension 1s a direct one on the blood ves els why 1s the
central nervous system always overlocked” Sodium retention may actually
Increase sympathomimetic achivity and hypothalamic mmbalance In the ex
periments 1 ju t mentioned 1 feel these dogs died a central nervous system
death We observed some n e 1n blood pres ure followed by vascular col
lapse not as octated with pulmonary edema

Secondly I want to outline a simple experiment for Dr Page 1f he plans
to attend the forth Bak medic:l { He and his col
leagues should have their blood pressures taken every day for two weeks
before departure At the conference they should drink tap water and record
blood pressures for two weeks while drinking this water which has such a
high odim content When I was there la t year I developed moderately
evere edema of the ankles Out of intere t I recorded the blood pressure
1 do not believe I have ever had a systolic blood pressure of over 120 before 1n
my hife but 1t was 13> mm Hg and remamned so for about ten days after I
left Nassan and returned to the States

Dr G M C Massov I would like to expand the remarks concerming the
relation hip of hypertension and the handling of <alt regarding the uscep
tibibty of various animal pecies to salt hypertension or to de oxycorticos
terone hypertension which 15 a kind of salt hypertension The mo t susceps
ble are the chick and rat which respond to salt by a <evere and rapidly pro
gressise type of hypertension The dog 1s relatwvely refractory to salt hyper
tension With large doses of desoxycorticosterone or of ome of the highly
actie synthetic teroids the most that can be obtained 1s a 11 ¢ of 20 to 50
mm Hg even 1f the ammals have been adrenalectormized They never show
malignant hypertension In the rabbit alt and de oxycortico terone cau e
hypotension 1n tead of hypertension The e examples how that handling of

alt 1« more 1mportant than <alt intake
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Dr. Snvox Ropearo Many more problems have been rai ed than can be
answered 1 the ime available Dr Perera mentioned a high 1ncidence of
glomerulonephritis an the We t Indies I have no personal data on this but
Drs Mo er Hoobler and a sociates are investigating this

The validity of questionnaires their value in the tudy of an epidemiologi
cal problem and the a ociation of pecific ets of data and a prien diea e
are always subject to careful evaluation Correlations 1n a given survey may
have only an accidental rclation with the di ea e we mu t face this rish
any re<earch <tudy of any nature The que tions we a ked were prepared only
after extensive consultation with experienced epidemiologi ts Paming of
patients erved to reduce chance a sociations The correlations proved nothing
concerning the relationship between salt intake and the occurrence of hy
pertension but they do pont cleatly to the need for more defimtne tudies
on the salt hyperten 1on question

Our data showed no hereditary predisposition to hypertension While the
que tionnaire has limttations 1t 15 more adequate than the drawing of
conclusions on the basis of individual ca es In any event the relation of
heredity and hypertension 1s far from clear and this includes analy 15 of
clinical data i the hterature

Po sible errors due to faulty memory of the patient a to what he eats are
difficult to evaluate It 1s hard enough to get vahd mformation when the
patient 15 on the metabolic ward of a re earch ho pital Our data can have
meamng even 1if they repre ent only an ingestion fantasy or w1 h or guilt on
the part of the patient

It appears that many people lning on the maller 1 lands do take large
amounts of salt Dr Schroeders comments are quite in tructne In this
regard it 13 of some value to reconsrder our judgments concerning mormal
blood pre sure lesvels of 2 gnen cultural group Perhaps our criteria of nor
mal pressures belong only to our own part of the world

Dr Mas on raies the que tion of pecies varabibty which becomes
quite evident when we remember that even a low dxa mhc pressure in the
chick 13 a sesere hyp for mo t man
hypertension 15 quite easy to induce mn the dog but we haie never een it 1n
the chick

In answer to Dr Stdney Friedman the weight of the adrenal gland was
definitely increa ed mn our salt fed ammals especially when compared with
body weight This appears to be a more au factory ba s of compan on
than calculating the 1ze of the actual gland again t the size of a pre umed

normal anmimal Whether the hypertrophy 1s a ociated with hyperactivity
1§ nat known

The remainder of our di cus 10ns i this conference will I hope provide
defimtive answers for ome of the questrons which have been ra.




SODIUM AND WATER RATIOS IN THE
PATHOGENESIS OF HYPERTENSION

LEO A SAPIRSTEIN

Department of Phystology, The Ohio State University,
Columbus, Ohio
HAT there 1s a di turbance 1n the metabolism of sodwum and water
1 human and experimental hypertension has been suggested repeatedly
Unfortunately the nature of the disturbance 15 not so clear as one nught wish
The hypertensnve subject 15 said to show an increaced salt appetite (1) but
the renal hypertensive rat shows salt aversion {2} (3) Intracellular sodium
has been reported increa ed 1n hypertensie amimals (4) and men (5)
other tudies indicate 1t 15 decrea ed 1n experimental hypertension (6) Some
work suggests that sadium excretion 1s depres ed 1 experimental renal hy
pertension (7) other mvestigations imply that the hypertensive ammal or
patient 1s actually a salt loser (8) (9) (10)

In an attempt to reconcile ome of the e ob ervations I will show that a
preponderance of the evidence indicates that in hypertensive rats there 1s an
mmbalance between sodium intake and sodium output which predi pose to
ward sodium retention I will also show that this imbalance cannot be de

cribed properly unless the sodium balance 15 related to the balance of water

Obviously 1n a chromic condition there cannot be a contimung 1mbalance
between the 1ntake and output of sodium A previous period of imbalance
may leave its 1mpuint on the body s sodium content and concentration  but
this may be concealed 1n a short term metabolic study

For the most part a history of posiive sodum balance cannot be ob
tamed practically Instead we must rely on evidence which suggests that 1
crea ¢d sodwm 1ntake has exceeded the excretory capacity or that damage
to the excretory mechamsm has reduced the excretory capacity below normal
Only direct determination of body <odiim can demon trate a pre ex: ting
po itne balance of sodwm 1f mdced uch exi ts

Much data 15 lable nd. that P! of odwm pre

umably above the level which can be effectively excreted induces hyperten

10n
MecQuarne (11) first reported the development of hypertension alter giv
ing ma sne do es of <odium chloride to diabetic children Later Lenel Rod
bard and Ratz {12} described the rapid development of hypertension 1n the
chicken recenving 1 otomic or hypertomic aline in its drinking water Sapir
ten Brandt and Drury (13) made rats hypertenaive by sub titatin,, hyper
tomic (2 percent) aline for dunking water The e results were confirmed by
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Mas on and Coreoran (14) and by Muco et al (15) Meneely (16) demon
trated the occurrence of hypertension 1n the rat expo ed to a high alt diet
The clear relationship demonstrated by Dahl and Love between the ub
Jective evaluation of alt con umption 1n man and the ncidence of hyper
fen 1on suggests that the adult human subject may be similarly affected by
excessive salt mtake The epidemiologic tudies of Mo er (17) among the
natives of the Bahamas whose well water contains large quanmxes of sodium
chloride and who di play an ext d ly high of b
d1 ease are al @ impre sne However there 1s al o a very high prapomon
of hypertenive disease among the Virgm Islanders (18) who are sudtou e
ramn water rather than well water for drinking and cooking

There 15 ample evidence to suggest that the sodum content of the body 1s
ancreased i the ammal made hypertensive by renal mampulation or salt load
g This phenomenon was first noted by Erchelberger (19) 1n the mu cles
of renal hypertensive dogs Laramore and Grollman (20} later described an
ncrease m the sodium concentration of most organs m renal hypertensive
rats Similar findmgs were reported by Greene and Sapistemn 1n the renal
hypertensive rat (4) Mucio ez al (15) reported very substantial mncreases
m the salt content of the <keletal muscles heart and liver of rats made hy
pertensive by salt feeding Tobtan (21) and Tobian and Bimon (22) (23)
found increased concentrations of sodium in the aortas of hypertensne
human subjects and renal hypertensive rats

When sufficiently large groups of hypertensne ammals or patients are
studied a tendency for the pla ma sodium concentration to be elevated 1s al
mo t unwersally found (Kyln and Elmquit 24 Holley e al 2> and
Fregly et al 26} Disappointingly the changes are small The biological
significance of such findings mu t reman 1n doubt particularly when one
notes the failure of rats expo ed to kidney encapsulation at an older age to

how elevation 1n erum odwm (26)

Are reported increases in organ sodium content of biological significance?
Grollman and tus associates (27) (28) have hown a clear wncrea e m the
mannitol and radio ulfate spaces of hypertensive dogs and men the same
has been noted by Ro s (5) Since only shight elevation of extracellular flud
volume 15 required to 1ncrea e greatly the sodium content of tissues and or
gans the po sibality that these increases are due to a mimmal edema cannot
be ruled out with certainty It seems improbable that expansion of the ex
tracellular pace cnuld have any but 2 casual relationship to the hypertensive
process larly when we that edema and 1 otomc
sodium chloride loading (29) are without lmporlant eflects on the arterzal
pre sure

Ross studies (5) uggest that the excess exchangeable odum of hyper
tensive men may be intracellular hut the po ibulity that the excess 15 all

eque tered 1n bone though con idered was not ruled out The work of
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Ledingh (6 d that llular sodium may actually be de
pre= ed 1n the hypertensine heart and keletal mu cle 1s also di turbing In
a small <erie= Moore ez al (30) faled to demon trate that exchangeable
odium of the body was elevated mn hypertensives
The chance that the hyperten 11e subject may have a decreased ability to
excrete odium recenes very hitle experimental support Except for one
tudy 1n renal hypertensive dogs (7) the opposite appears true On the other
hand as will be <hown below an excretory defictency toward sodum can
be uncovered mn the hyperten ne rat or human ubject but only when water
Teten ton 1s simultaneou ly considered
Braun Menendez descripion of the water and chloride excretron of
the fa ting hyperten ne rat 1s especially illuminating (31) Chloride ex
cretion of the hypertensne rat did not differ appreciably from that of the
normotensne the hyperten 1ves however howed considerable polyuna In
effect though the hyperten 1ve urine contained about the same amount of
chloride 2 the normoten nve 1t was being excreted at a much lower con
centrahion
Some elementary con iderations may be helpful at this point If one con
aiders that the cells of the body are bathed 1n an ensironment of 150 0 motic
alt it 1s clearly of much less concern to the e cells whether the \olume
of the emironment changes than whether the composition of the environ
ment 15 altered It would appear unhkely a prior: that 130 osmolar volume
changes 1n the extracellular flmd would produce sigmficant phy<iologieal
effet  When changes 1n o molanity occur however one might reasonahly
anticipate that the cells would react Thus a lo s of <odium 1n hyperosmolar
<olution re ulting 1n hypo o molar contraction of body fluids might lo.1
cally have the <ame physiological eflect as gain of water without odum re
<ulting m hypo o molar expansion Smmlarly odium gains n exce s of
water producing hypero molar expan ion of the body fluds might be ex
pected to have the ame cellular effects as water lo es 1n excess of sodium
producing hypera molar contraction of body flnd
Although 1n a qualitative <en e the<e propo ttions are elf evident 1t 1s
<ometimes difficult from a cur ory examination of the <odium and water
balances of the organism to determine the tatus of the fluids remainming n
the body For example 1t 15 not immediately obvious whether an individual
Josing 100 meq of odwm chlonde in a liter of urine has uffered a great
a d1 tortion 1n body Mlnds as one whe has lo t 150 odium meq 1n two hiters
of urine
A ample formula fundamentally mlar to that of West & Rapoport {32)
to describe the  water economy  of the kidney an osmolic loading relates the
hehavior of sodium to water in its effect on body flmd The odium aved
for the body through renal formation of urine 1s the product of the urine
volume and the difference between the pla ma odwm and urinary sodium
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concentrations The odm o described 18 odium 1 excess of water—m
effect  free odium The sign of free odium may be posine 1gmiying
that the kidney has conserved sodium 1n excess of water or negative mean
g the body has lost more odum than water through the kidney

In the example cited above as uming a pla ma concentration of 150 meq
Na per liter the free odium change repre<ented by the lo s of a ler of urine
containing 100 meq/1 15 +50 meq of sodm The mdividual lo 1ng 150
meq Na in two liters of urine has a po itive free odium balance of 150 meq
Although odium lo es of the second individual exceed tho e of the fir t
free odium saved to the body 1s much greater in the econd In effect he
1s 1n negatine sodum balance compared to the fir t on the bacis of ma s
of sodum lost but when the simuhtaneous water losses are con idered he
1 1n @ pa 1tive sodium balance with re pect to water when compared with
the first individual

When the tudies on ummary excretion of salt and water are analyzed
n this light a rather triking conss tency emerges For example Green (8)
has shown that hypertensve palients are  alt Josers  But the <alt lo es
under ba al conditions or loading with 1sotonic saline are a ociated with
& proportionately large losses of water 1n the hyperten ive group when
the free sodium calculation 1s made the hyperten ve group is een to be
1 positive free sodium balance though they are at the same tume i negative
balance of sodium

The data of Weller Cottier and Hoobler (33) are quite similar to those
of Green and may be amenable to the same interpretation

TaeLe [

WATER AND SODIUM LOSSES BY HYPERTENSIVE
AND NORMAL RATS

(12 Hour Metabolic Period)

No Load
10 Hypertensives 10 Normals
UV V R BV VR,
meq ml meq meq ml  meq
287 27 12 172 7 ~06

Difference HT — N = 18> meq Fy

Applying the ame principles 1o chloride the findings of Birchall ez al (9)
reveal an identical pattern Although chloride excretion 1s threc times greater
1n the hyperten ne than in the normoten ne ubject the free chlorde tatus
shows the normals 1n negative balance for this 1on (with rewpect to water)
while the hypertensives ate m po itive balance
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Ledingt (6) md that llular sodium may actually be de
pres ed 1n the hyperten nve heart and keletal mu cle 1s al o disturbing In
a small <eries Moore et al (30) failed to demonstrate that exchangeable
odwm of the body was elevated 1n hypertensives
The chance that the hypertensive ubject may have a decreased ability to
excrete odium recerves very little experimental support Except for one
tudy 1n renal hyperten 1ve dogs (7) the opposite appears true On the other
hand as will be shown below an excretory deficiency toward <odium can
be uncovered 1n the hyperten 1ve rat or human subject but only when water
Teten 1on 15 multaneou ly conudered
Braun Menendez de cription of the water and chloride exeretion of
the fa ting hypertensne rat 1s especially illuminating (31) Chloride ex
cretion of the hypertensie rat did not differ appreciably from that of the
normotensne the hyperten 1ves however showed considerable polyunz In
effect though the hyperten ne urine contained about the same amount of
chloride as the normotensive 1t was being excreted at a much lower con
centration
Some elementary considerations may be helpful at this pomt If one con
<uders that the cells of the body are bathed 1n an environment of 150 osmotic
alt 1t 1s clearly of much le s concern to these cells whether the volume
of the environment changes than whether the composition of the environ
ment 1s altered It would appear unlikely « prior: that 150 osmolar volume
changes in the extracellular flnd would produce sigmficant physiological
effects When changes 1n osmolanty occur however one might rea onably
anticipate that the cells would react Thus a lo s of <odium 1n hypero molar
olution re ulting 1n hypo osmolar contraction of body flnds mught log:
cally have the ame physiological eflect as gain of water without sodium re
<ulting 1n hypo o molar expansion Simlarly odium gains 1n excess of
water producing hyperosmolar expansion of the body flnds might be ex
pected to have the ame cellular effects as water los es 1 exce s of sodium
producing hypero molar contrachion of body flmds
Although 1n a qualitative sen e the e propositions are elf evident 1t 1s
<ometimes difficult from a curcory exammnation of the odium and water
balances of the orgam m to determine the tatus of the fluds remaining n
the body For example it 1s not smmediately cbvious whether an individual
1o ing 100 meq of odum chloride i a liter of unne has suffered as great
2 distortion 1 body fluids as one who has o t 150 sedium meq in two hiters
of unne
A mple formula fundamentally imilar to that of We t & Rapoport (32)
to de<cribe the water economy of the kidney 1 o motic loading relates the
behavior of <odum to water m 1ts effect on body flwds The odium saved
for the body through renal formation of urine 1 the product of the urine
volume and the difference between the pla ma odm and urinary odwum
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Taete IV

WATER AND SODIUM LOSSF> BY HYPERTENSIVE
AND NORBMAL RATS LOADED WITH 1.5¢ NaCl

{6 houss)

17 Hypertensues 17 Normotensnes
Uy VvV OF Ly VR
neq ml meq meq mi meq
414 1>+ -183 RYES 108 212

Difference HT — N =29 meq Fy,

plausible picture of the hyperten we deturbance evolies One may peculate
that the basic disorder m bypettension 15 that the body flul are alnay
on the verge of kypero molsrity This teetering on the brink may resalt from
hyperosmolar loading due to an exce swe ntake or production of os
motically acte ubstances slternatwely uch loading may re ult durmg
normal mtake and production of solutes bevau ¢ of dimint hed water intake
Even when the water intake and production and inge tion of solutes are
normal the kidney s damaged sbility to ave water for the body mav mduce
hyperosmolanty of the body Burds

Ancillary esidence 1n support of this hypothesss comes from the finding
of Ellis and Geollman (304 that hypertensive dogs and men how icrea ed
urinary levels of anhidiurenic hormene The lowered water content and
elevated cation content of the organs of alt hypertensne rats flo) and
the tugher cation and wtrogen content of rats with renal hyperten 1on (41
are consi tent with this view

Aganst this theory 1s the fact that hypertension can per 1t m humap
subjerts wn the pre ence f hyp Peripheral may not
be inereased in uch <ubjects however .tnee the cardiae output 1s not known
The higher than normal water content of hyperten nve organs (20 23 appears
10 argue again t the hypothests of hyperosmolanity But when 1t 1s recalled
that shght expan 1on of the extracellular fld which has a much higher
water concentration than ntracellufar flmd will produce such changes
without change m osmolar tatu 1t becomes que tionable 1f water content
of tissure guves u eful wnformation regarding the hydration of cells

Ore vondess whether 1 hypettension teeatment hould not be directed
1o the po stbility that the p d defect 10 the regul: of \
may be remedied by mncrea ing water intake rather than by decreasmg the
mtake of alt which 15 after all only one of the o motic loads placed on
the hidney To this writer s knowledge ne  tudies have been made on this

pomt
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SUMMARY AND CONCLUSIONS

There 1s much evidence to mdicate that hypertension 15 assocrated with
abnormal accumulations of odium 1n the hody At the same time 1t appears
that bath human hypertensnes and renal hypertensive ammaly actually
excrete more odwm n any grven experimental circumstance than normo
tensives

The apparent paradox can be re olved by relating the sodium economy
of the body to uts water economy When this 15 done 1t 1s almost con
sistently een that hypertensives though they loe odium n excess of
normotensives al o lo ¢ water 1 exce s of normotensives These abnormals
ties 1n excretion are uch that relatively more water 18 fo t than sodium o
that the hypertensive subject or ammal does tend to accumulate odwum at
lea t with re pect to water

It 1s sugge ted that hypertension may follow hyperosmolarity of the
body fluids whether this 15 induced by loading with hypertomic salt re
tniction of water or a renal mabibty to con erve water in relation to
o mobcally active olutes
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