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METABOLICEFFECTSOF MARKEDSODIUMRESTRICTION IN
HYPERTENSIVEPATIENTS: CHANGESIN TOTAL EX-

CHANGEABLESODIUMANDPOTASSIUM1

BY LEWIS K. DAHL, BERNARDG. STALL, III, AND GEORGEC. COTZIAS
(From the Department of Medicine, Brookhaven National Laboratory, Upton, New York)

(Submitted for publication February 16, 1954; accepted June 16, 1954)

It is important to understand the mechanism by
which drastic sodium restriction effects a decrease
in blood pressure in some patients with essential
hypertension. It has been shown (1) that a de-
cline in total exchangeable sodium (TENa) as
measured with the isotope Na24, is not correlated
with a decline in blood pressure, and therefore
simple "desalting" of the body can not account for
the phenomenon. The important relationship
which exists between sodium and potassium in
most living species, both animal and plant, sug-
gested the possibility that sodium restriction might
be effective in lowering blood pressure through
secondary effects on K. With the isotopes Na24
and K'2, nearly all of the body's Na and K pools
can be measured (2, 3). Therefore, it is possible
to quantitate accurately the effects of marked Na
restriction upon these pools and to determine
whether the effects of Na restriction on total ex-
changeable potassium (TEK) may be correlated
with alterations in blood pressure. The present
paper is a report of a study on 11 patients with es-
sential hypertension who were given a basic low
Na diet supplemented during the period of control
observations with 10 grams (180 mEq.) of enteric
coated NaCl per day. The removal of this added
NaCl during the subsequent test period constituted
the sole change in regimen. During both phases of
the study after suitable periods for equilibration the
effects on TENa, TEK, and blood pressure were
studied.

PROCEDURE

Patients and clinical status

Eleven adult patients with essential hypertension were
studied for a 3-month period on the metabolic wards of
the Brookhaven National Laboratory Hospital. These
people were admitted in two groups; one consisted of two
males and four females from April to July (Group I), the

'This work was carried out under the auspices of the
Atomic Energy Commission.

other of three males and two females from September
to December (Group II), 1953. Since the primary pur-
pose of this communication is not concerned with the
clinical effects of sodium restriction which have been re-
ported frequently in the past (4-6) itemized details of
each patient's status relative to laboratory findings have
been omitted from this report except as seemed pertinent.
With the two exceptions noted below (patients Mand R)
all patients were of the type classed as benign essential
hypertension. Urea clearances were normal in all, but
variable degrees of albuminuria were present in some pa-
tients. Intravenous pyelograms were normal except in
patient R as noted. Serum cholesterol, CO,, Cl, total
protein, albumin and globulin, sodium and potassium were
within normal limits in all patients. Electrocardiograms
ranged from normal to variable degrees of left axis devi-
ation and low or inverted T waves. (Tracings on pa-
tient R revealed classical evidence of acute myocardial
infarction involving the anterior wall of the left ventricle
during the two episodes described subsequently.) Heart
size was shown by X-ray to vary from normal in some
to moderate, diffuse enlargement in others. None gave
past histories which suggested episodes of acute heart
failure. Benzodioxane tests for pheochromocytoma were
negative in all. Both males mentioned earlier had serious
disease; M, age 53, had had a right hemiplegia six months
prior to admission with residual weakness and spasticity.
Upon admission, he was found to have mild diabetes mel-
litus as well, which was readily controlled by small doses
of protamine zinc insulin. During his hospital stay, he
had two transient cerebrovascular thromboses, from both
of which return to previous level of function occurred in
three to seven days. This patient's disease was obviously
severe and about six weeks after his initial discharge he
died from multiple cerebrovascular thromboses. Patient
R, age 47, who had had angina on effort for several years,
developed two mild coronary occlusions five and seven
weeks after admission with uneventful recovery. He had
had a chronic duodenal ulcer of more than 20 years dura-
tion which plagued both patient and staff during the study.
By intravenous pyelogram he was shown to have a small
asymptomatic calculus in each kidney, measuring 5 and
15 mm. in diameter, respectively; these were presumed
to be secondary to the heavy alkali and milk ingestion for
many years.

Experimental program
The patients remained ambulatory throughout their

stay except during studies or intercurrent illnesses. Upon
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admission, each patient was placed on a basic diet cal-
culated to yield about 6 mEq. sodium per day (analysis
of 18 separate diets yielded a mean value of 5.7 mEq. with
S.D. + 1.4); because of this restriction the daily protein
intake averaged approximately 55 grams. In Group I,
protein supplement, although allowed, was not required
to be eaten; associated with this, members of the group
lost variable and often significant amounts of weight.
Since previous work (7) had shown that the levels of
protein in the diet had no effect upon blood pressure,
weight loss seemed unimportant. In view of the changes
in TENa and TEK, subsequently calculated to be pres-
ent, it was thought necessary in the future to control the
factor of weight loss as well. Therefore, members of the
second group were required to consume a total of 1.5
grams of protein per Kg. per day through low Na pro-
tein supplements with Lesofac2 or Lonalacg; on this
regimen, the weights remained within narrow limits, with
the maximal change recorded being a gain of 4.0 Kg. in
patient B. Salt-free or salt-poor carbohydrates and fats
were given in amounts sufficient to satisfy caloric needs.
The diets were calculated to contain 30 to 100 mEq. of
potassium per day and this was confirmed by analyses.
The first five to six weeks served as the control period;
therefore, during these first weeks 10 grams (180 mEq.)
of sodium chloride in enteric coated capsules were ad-
ministered daily to each patient in divided doses, an
amount which is regarded as being within the average
of American intakes (8). At the termination of the con-
trol observations, the sole change in the regimen was the
omission of the added NaCI, so that the effects of this
restriction alone could be studied. At intervals before
and after this sharp decrease in NaCl intake, TENa and
TEK were measured as well as other studies appropriate
for evaluation of clinical status.

METHODS

Blood pressure, urine and blood collections; sodium and
Potassium analyses
Blood pressures were measured six mornings a week

by one of the authors under standard conditions; namely,
after breakfast with a minimum bed rest of half an hour
before the readings were made. Systolic and diastolic
pressures were recorded as the first appearance and total
disappearance of sound respectively as recommended by a
committee of the American Heart Association (9). All
urines in each 24-hour period were pooled, the volumes
measured, aliquots removed, and then preserved with 1
per cent HCl for subsequent chemical analysis of sodium
and potassium with a Perkin-Elmer Model 52A flame
photometer, with a lithium internal standard. The vol-
ume of the urine samples used for analysis ranged from 1
to 40 ml. depending upon the concentration of Na or K in
the specimen. Blood samples were removed without
stasis, mixed in heparin tubes and centrifuged within 5
to 10 minutes. With care in handling the samples visible

2 Obtained through the courtesy of Wyeth Laboratories,
Philadelphia, Pennsylvania.

hemolysis was not seen. From the plasma so obtained,
1 ml. samples were analyzed in duplicate with the flame
photometer in the fashion used for urine.

Total exchangeable sodium (TENa)

TENa was determined by an isotope dilution tech-
nique with the procedure essentially as described earlier
(1). The isotope Na"CO, was obtained from the Brook-
haven National Laboratory reactor, sterilized, then pre-
pared for administration by diluting with 5 per cent dex-
trose; of this each patient received about 100 pc (con-
taining approximately .06 mEq. Na'8) intravenously from
a calibrated 100 ml. buret over a 7- to 10-minute period.
Plasma samples were always taken at 5, 7, and 24 hours
in the first group and at 24 and 26 hours in the second
group; the final 24- and 26-hour specimens were always
collected with the patients in the fasting state. Thus, in
Group I the value for final exchangeable sodium repre-
sented the corrected 24-hour figure and was in all in-
stances a reasonable extension of the values found earlier.
In Group II, the final figure was the mean of the 24- and
26-hour values at both of which times presumably the
maximal value for TENa had been reached. Based on
the data of Edelman, James, Baden, and Moore (2) it is
highly improbable that a much longer period of equili-
bration would have affected the values for TENa obtained
here. During the low sodium phase of these and related
studies, correction for Na" excretion in the urine was
found to be negligible whereas during the high sodium
phase the average 24-hour excretion was 6.3 per cent
(range 3.2 to 10.0 per cent) of the injected dose.

Radioactivity was measured with a Texaco well-type
Geiger counter and standard scaler; 5 ml. liquid samples
were counted until at least 10,000 counts above back-
ground were recorded in duplicate on specimens of blood,
urine, and standards. During the low sodium phase,
however, urines were counted only long enough to dem-
onstrate that the specific activity was not significantly
above background. Correction for decay was made by
counting at precisely spaced intervals seriatim Standard
No. 1, Sample No. 1, Sample No. 2, Standard No. 2
with the counting intervals so arranged that the average
of the times of counting samples and standards were at
the same mid-point in time, with decay corrections having
been made automatically thereby.

Total exchangeable potassium (TEK)
TEK was measured by an isotope dilution technique

(3). Approximately 100 to 150,uc K4CO, obtained from
the Brookhaven reactor (containing about .04 mEq. Ki)
were administered by the same technique used for esti-
mation of exchangeable sodium. In Group I, all urines
were pooled up to 37 hours with spot specimens collected
after an overnight fast at 38, 40, and 42 hours, at which
times probably 95 per cent of the total body potassium is
in equilibration with K" (3). The average specific ac-
tivity of these three samples, corrected for loss of the
isotope in urine, was used to calculate total exchangeable
potassium. The average excretion of the administered
K" at 40 hours in 34 consecutive determinations was 5.5
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per cent (range 1.2 to 8.7 per cent) and did not change
during either phase of the present study. In Group II,
the period allowed for equilibration was an average of 20
hours with all urine pooled up to 17 hours and spot
samples collected under fasting conditions at 18, 20, and
22 hours. In no instance did it appear that equilibration
had failed to occur in these times as manifested by a regu-
lar increase in TEK. If these 20-hour determinations
underestimated the exchangeable K slightly relative to
the 40-hour values (3), since each patient was his own
control, the final relative values during high and low Na
would not be affected. A cation exchange resin of the
sulfonic type (Amberlite IR-120) was used to concen-
trate the urine potassium and thereby enhance the count-
ing rate approximately eight-fold. Counting was done
with a Harshaw scintillation crystal using a special input
amplifier designed at the Brookhaven Laboratory and an
Atomic Scaler (Model 1050A). Three ml. liquid samples
of standard and sample were counted in the fashion de-
scribed for Na2' using the same technique for decay
correction.

Statistical analyses of significance
The total exchangeable sodium values were calculated

from the following data: serum sodium concentration,

the volume and counting rate of the isotopic solution ad-
ministered with correction for the amount excreted where
this was significant, and the counting rate of serum at the
time of equilibration. Serum sodium determinations in
duplicate were reproducible within 0.5 mEq., which
amounts to less than a 0.4 per cent difference. Recovery
experiments in which standard saline solutions were
added to plasma gave maximal errors of 1 per cent;
therefore, an error of 1 per cent has been allowed. The
infusion fluid was administered in a 100 ml. buret, cali-
brated to contain 100.14 ml.; this correction has been
disregarded. In this series, the average counting rate
of infusion fluid and serum were 5000 and 2500 counts
per minute (cpm), with total counts on duplicate samples
averaging 27,500, and 25,000, respectively. The coeffi-
cient of variation calculated from standard deviation is
respectively, .0063 and .0060 (10). Because of local con-
ditions (both a reactor and 2.5 billion electron volt proton
accelerator within 1.5 miles) background averaged 400
cpm, with a total of about 70,000 background counts per
study. The coefficient of variation here amounts to .0040
and has been included in the calculation of total error.
The final cumulative error has been calculated from the
formula a = 47al' + a' . . . (11) where a equals cumula-
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TABIaI

Data on Patients vith Significant Declines in both Systolic and Diastolic Pressures

Exchangeable Sodim Data Exchangeable Potaasium Data

Blood Pressure Body Weight Difference fro Difference from
(Mean & S.D.) Days (Kg) Preceding Stud7 x Preceding Study X

before (-)or -
after (+) Ba a Total Per Kg a Wt. A TZla Total Per Kg A a Wt. a TZK

Pt. Syt. p Diaqt. p Restriction Admission Study Admission (aeq) (meq /K) Days (kg) (aeq) (Meq) (seq/Kg) Days (Kg) (aeq)
1 2 3 4 5 6 7 8 9 10 11 12. 13 14 15 16 17 18 19

-35 71.7
C -28 70.5 -1.2 2531 35.9

939 -21 70..4 -1.3 2558 36.3
(f'20) 162 111 -12 69.7 -2.o 2391 34 .3 9 -0.7 -167

(10) (9) -8 69.7 -2.0 244 3 35.1 20 -o.8 -8

+19 69.0 -2.7 2253 -32.7 31 -0.7 -138
+27 68.7 -3.0 2320 33.8 35 -1.0 -123

3 130 <.01 94 <01 +39 68.6 -3.1 2284 33.3 20 -0..4 +29
(6) (6) +47 68.2 -3.5 2320 34.o 8 -o.' +36

+51 68.0 -3.7 2359 34.7 24 -0.7 +39

-_42 82.4'
A -19 81.4 -1.0 3127 38.'.
62 -16 82.2 -0.2 3207 39.1 3 +.08 +80

(f5'.55) -12 81..4 -1.0 2879 35..4
159 97 -9 81.9 -0.5 2935 35.8 3 +0.5 +56
(9) (6)

+30 81.o -1'.4 2922 36.1 46 -1.2 -285
+37 81.3 -1.1 3248 40.0 '6 -0.6 +313
+.O 81.5 -0.9 2922 36.1 10 +.0 0

XX .1.'. 81.9 .0.5 3231 39.5 7 +0.6 -17
133 <.01 85 <.01 .46 81.5 -0.9 2968 36.5 6 o0.o +46
(14') (7) +53 81.5 -0.9 3021 37.1 9 -0.4'.01

, -' '.42' '83.1
-19 82.1 .1.0 3190 38.9

d' 45 -16 82.2 -0.9 3075 37.' 3 +0.1 -115
(5.72 ) 218 135 -12 81.7 -1.' 28'4 34.8

(14) (8) -9 81.94 -1.2 2860 34.9 3 +0.2 +16

+30 88.5 -0.6 2974 36.o 46 +0.3 -101
+37 83.3 +0.2 3329 40.0 46 +1.4 +469

II o+40 83.3 +0.2 3057 36.7 10 +.0.8 +83
+44 83.5 +0.4 3223 38.6 7 +0.2 -106

199 <.01 124 <.ol +46 83.4 +0.3 2991 35.9 6 +o.1 -66
(15) (8) +53 83.9 +o.8 2962 35.3 9 +o. -261

Damn numerals I and II in colim 1 refer to patient group I (April - July) or group I1 (Sept. - Dec. 53).
Mean blood pressures were calculated from the values measured during the lasc 10 days of control and lov BN periods respectively.
Figurs in parentheses are standard deviations fram the mean.
p (colun 3 and 5) a probability level calculated by Fishers et-test method.
Dark figures in colum 10 and 15 represent values which differ from those preceding by maore then 3 S.D.

a a Values are Intervals (A) in days and chages (a) in weight and TM or TX respectively, found In the successive studies reported in this paper.
-i
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TABIE Ib

Data on Patients vith Significant Decline in Only Systolic or Diastolic Pressures

Exchangeable Sodlium Data Exchangeable Potassilu Data

Blood Pressure Body Weight Difference fru Difference frM
(Mean & S.D.) Days (Kg) Preceding Study x Preceding Study x

- - - ,~~~~~efore ()or
after (;) aa Total Per Kg A VWt. A TEb Total Per Kg a a Wt. a TIZ

Pt.. Syst. P Dast. p Restriction Admissicn Study Admissico (meq) (aeq/Kg) Days (kg) (meq) (.eq) (eeq/Kg) Days (Kg) (sq)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

-35 56.8
N -28 56.3 -0.5 1900 33.7

246 -21 55.8 -1.0 1867 33.5
(#5274) 185 104 -12 55.2 -1.6 1983 35.9 9 -0.6 +116

(10) (7) -8 55.0 -1.8 1925 35.0 20 .1.3 +25

+19 53.7 -3.1 1926 35.9 31 -1 5 +57
I +27 53.0 -3.8 1747 33.0 35. -2.o -178

+39 53.2. -3.6 1807 34.0 20 -0.5 -119
157 <.01 98 <.2 +47 52.4 -4.4 1793 34.2 8 -0.8 -114
(10) (8) +51 52.7 A-.1 1801 34.2 214 -0.3 +54 _

-37 58.1
P ~~~ ~ ~~~~~~~-3758.1 0.0 2288 39.14

V72 -30 57.14 -0.7 1480 25.8
182 83 -21 57.3 -o.8 1605 28.0 9 -0.1 +125

(#5424) (17) (6) - 16 57.2 -0.9 2366 141.14 21 -0.9 +78
+10 53.3 -4.8 1496 28.1 31 -4.0 -log
+19 53.2 -4.9 1977 37.1 36 -14. -389
+31 53.2 A.9 1539 28.9 21 -0.1 +43
+38 53.1 -5.0 1642 30.9 7 -0.1 +103

I +43 52.8 -5.3 2193 41.5 24 -0.4 +216
146 <.ol 76 <.05 +75 53.6 -4.6 1957 36.5 32 +0.8 -236
(11) (7) +78 53.6 -4.5 1433 26.7 40 +.0.5 -209

165 <.0o 8o <.4>.3 0 1-18 54.6 -3.5 2287 41.9 22 +1.0 +330
(12) (8) (-20 54.5 -3.6 1439 26.4 22 +o.9 +6

-142 62.2
B ~~~~~~~~~~~-1962.6 o.0.4 2331 37.2

969 -16 64.9 +,2.7 2332 35.9 3 +2.3 +1
(#5504) -12 65.3 +3.1 1833 28.1

201 95 -9 65.4 +3.2 1880 28.4 3 +0.1 +47
(114) (11)._

+30 65.6 +3.4 2184 33.3 46 +o.7 -148
+37 65.8 +3.6 2023 30.8 46 +,.4 +143
+40 65.7 +3.5 2232 33.9 10 +0.1 +48

I +414 66.2 +44.0 1905 28.8 7 40.4 -118
178 .01 89 <.2>.l +46 65.9 +3.7 2187 33.3 6 +0.2 -45
(11) (9) +53 65.9 +3.7 1812 27.5 9 -0.3 -93

-42 73.1
L -19 72.8 -0.3 3002 141.2

d142 -16 73.8 +0.7 3023 41.o 3 +1.0 +21
(#51458) -12 72.8 -0.3 3057 42.0

172 101 -9 73.8 40.7 3047 141.3 3 +1.0 -10
(18) (4)

+30 72.3 -o .8 2639 36.5 46 -1.5 -384
+37 72.0 -1.1 3259 45.3 46 -1.8 +212

II 1+40 71.7 -1.4 2708 37.8 10 -0.6 +69
1414 71.7 -1.14 3178 1414.3 7 -0.3 -81

162 <.2>.1 83 .01 +.46 60.6 -2.5 2657 37.6 3 -1.1 -51
(15) (11) +53 71.6 -1.5 3063 42.8 9 -0.1 -115

See bottom of Table Is for details.

O * Days after Na added second tins.
- Weight may be errcneous since weights on days preceding and folloving vere 64.5 and 64.9 Kg respectively.

tive error, and a., a- . . . etc. denote individual analytical
errors. Using this formula, the average standard devia-
tion of the entire procedure was .014, equivalent to about
40 mEq. for a 70-Kg. adult. This calculated value sub-
sequently proved to be in substantial agreement with that
found in 29 consecutive determinations on six patients in
which the mean difference of duplicate values for TENa
obtained at equilibrium, namely 24 and 26 hours, was 40.4
mEq., uncorrected for weight. The value for TEK was

based on primary data similar to those used for sodium,
but the standard deviation of the counts among the three
urine samples has also been included, the value amounting
to 3.8 per cent. Based on average rates of 10,000, 1440
and 220 cpm for infusion fluid, urine samples, and back-
ground total counts of 20,000 12,000 and 30,000, respec-

tively, the coefficients of variance are .0092, .0070 and

.0058. A value of .01 has been given to the chemical
analysis for K on the basis of analytical data similar to
those obtained for sodium. The cumulative error of these
five values becomes .041, equivalent to about 80 mEq. for
a 60-Kg. female (12) and 130 mEq. for a 70-Kg. male
(3). Standard deviations of blood pressures were calcu-
lated from the mean of readings obtained during the final
10 days of both the high (control) and low (test) sodium
phases. Fisher's "t" test was used as a criterion of sig-
nificance between the mean values so found, with p =

< .01.
OBSERVATIONS

The results of these studies are summarized in
Tables Ia, Ib, and Ic in which the data are listed
and divided among those subjects with a fall in
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both, either, or neither systolic and diastolic pres-

sures, respectively. Statistically significant de-
clines in both systolic and diastolic pressures were

shown by 3 of the 11 patients following this degree
of sodium restriction, a fraction that approximates
our experience with a similar diet during the past
six years, as well as the experience of others (13-
15). Eight of these patients had a decrease in
TENa of 3 S.D. or more during the low Na phase
and were divided without relation to the effects on

blood pressure. This was noted earlier (1).
The values obtained for TEK on all patients

were in agreement with those reported for normal
males (3) and females ( 12). Among the 11 pa-

tients limitation of Na was followed by a statisti-
cally significant change in TEK in only two sub-

jects, both males: Mon (Table Ia) and R (Table
Ic). In the first instance there was an increase
of 469 mEq. in TEK in association with a decline
in blood pressure, and in the second there was a

fall in TEK of 537 mEq. with no change in blood
pressure. The remaining nine patients showed
variable and modest responses in TEK which dif-
fered somewhat between the two groups. TEK
in Group I was found to vary in minor degree
about the control values, except for patient R as

noted. By contrast, a fairly uniform reaction oc-

curred in the members of Group II: 37 days after
Na restriction TEK was elevated over control
levels in all five patients. The increase exceeded
3 S.D. in only one patient (Mon, Table Ia) on a

weight and sex basis, but the increases were all

1401

TAB IC

Data an Patients with Significant Declim in neither Systolic nor Diastolic Pressures

_ chsngsable Sodilm Data Izchsngeable Potassium Data

Blood Presene Bo.y Weight Difference from Diffbrence from
(Wean & S.D.) Days (g) Preceding Study x Preceding Study x

BefMoe (- or
after (+) a Total Per g. a a Wt. aTa Total Per Ig A &Wt. ATIK

Pt. Syst. P Diast. p Beitrwoit Admission Study Admission (mnq) (sq/Kg) Days (kg) (meq) (meq) (seq/kg) Days (Kg) (iq)

1 2 3 4 5 6 7 8 9 10 11 12 13 1'. 15 16 17 18 19

-35 61.1
-28 6'..1 0.0 2681 41.8

Nor -8 63.2 -0.9 2758 43.6 20 -0.9 +77
653 195 118 -2 63.5 .o.6 22801e 35.9-

(0283) (9) (10) 178'J 28.1

+19 62.1 -2.0 2049 33.0 21 -1.'4 -231
2 +27 63.0 -1.1 2606 41.4 35 -0.2 -152

.39 62.2 -1.9 2256 36.3 20 -0.8 +207
192 <.5 115 <.5 47 62.2 -1.9 2188 35.2 8 O.0 -68
(9) (8) +51 61.8 -2.3 2671 43.2 24 -1.2 +65

-35 92.7
-28 88.2 -.5 3 3022 34*.3
-21 87.'. -5.3 '.011 '.5.9

R 173 101 -12 886.0 .6.7 40'.2 47.0 9 -1.1 +31
6 48 (1') (6) .8 84.. -8.3 2738 32.4 20 -3.8 -284

(*5303)
+27 8o.4 -12.3 2862 35.6 35 .'.0 +124
+39 82.4. -10 .3 350S 42.5 51 -3.6 -537

x 166 <.3 gB <.' 47 81.2 -11.5 355' 43'.8 8 -1.2 +49
(13) (8) +51 80.6 -12.1 2992 37.1 24 +o0.2 +130

-35 4.
U -26 '.6.7 +2.3 2269 48.6

920 -22 45.7 +1.3 2180 47.7
(05308) -7 '.5.'. +1.0 2073 45.4 15 -0.3 -107

202 120 -1 4'.7 +0.3 1633w 36.5 25 -2.0 -636
(13) (8)

+13 '..6 +0.2 1956 43.9 20 .o.8 -117
+25 45.5 +1.1 2183 48.0 26 +0.8 -6@

I +30 '5.9 +1.5 2192 47.8 5 +0.4 +9
189 .0o5 3 <.1 +36 *5.7 +1.3 2057 45.1 23 +1.1 +101
(13M (9) _ ______

-42 51.5
8 -19 51.6 +0.1 1997 38.3

- 53 -16 -52.0 +0.5 1845 35.5 3 +0.4 -132
(6268) 196 90 -12 52.2 .0.7 1631 31.3

(33) (n) -9 51.8 .0.3 _ 1570 30.3 3 -0.4' -6

+30 52.9 +1.4 1862 35.2 46 +o.9 +17
+37 52.2 +0.7 1706 32.7 46 +o0.4 +136
+40 52.3 +0.8 1806 34'.5 10 -o.6 -56
+4' 52.7 +1.2 1749 33.2 7 +0.5 +43

86 .5>.' 88 .5 +'6 52.7 +1.2 1811 34..' 6 +.0. +5
(19) (8) +53 53.2 +1.7 1657 31.1 9 +0.5 -92

See bottom of Table Ia for detals.
* ly two urine spcirns available. Becaupe of poor checks, both values have been included, although the lov value Is mre likely erroeous.

z- le value so far out of line vith other K2 studies o, ths patient that it has not been ueed in calculations.
o * Represents the difference between the first and third i12 studies.
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FIG. 1. TENAANDTEKBEFOREANDAFTER NA RESTRIC-
TION IN THREE PATIENTS

The vertical line on abscissa indicates day on which
added Na (180 mEq.) was omitted from diet.

similar in magnitude (+ 136 to + 469 mEq.).
Recheck of TEK 44 and again 53 days after Na
restriction revealed that the initial elevation was

not permanent for by the 53rd day, the data ob-
tained were in substantial agreement with those
found during the control period. In Figure 1, the

values on several representative patients of Group
II have been plotted against time from which it
will be seen that the decline in TEK was gradual.
This suggested that the initial elevation noted after
Na restriction represented a physiologic response
rather than a methodological aberration. Further-
more, from the characteristic urinary patterns
shown in Figure 2, it may be seen that Na limita-
tion had no apparent effect on K excretion. This
confirms earlier observations (1). Repeated
measurements were made of serum Na and K
throughout the course of the study and showed no
significant deviations during either phase of the
regimen.

INTERPRETATION

In confirmation of earlier work (1), these stud-
ies indicate that sodium restriction does not act
by simply "salting out" the organism since de-
salting, at least as measured by TENa, bore no
relationship to the therapeutic effect in these pa-
tients. In view of the evidence (16) that in some
patients TENa can decrease or increase unrelated
to net balance of sodium, the possibility must be
considered that TENa may not accurately mirror
any desalting which does occur. However, cal-
culation of the net sodium balance in this group
by measurement of total urinary sodium assuming
a daily stool output of 1.5 mEq. per day (1) and an
intake of 6 mEq. per day, failed to show that in
those with the greatest net loss, the most signifi-
cant declines in blood pressure occurred.

It had been found earlier (1) in four patients
subjected to a simliar regimen that loss of ex-
changeable sodium uniformly exceeded the weight
loss which should have occurred if the sodium came
from extracellular fluid (ECF). Therefore, the
hypothesis was proposed that failure to lose an
equivalent amount of weight along with the sodium
was due to a movement of water from an extra-
cellular to an intracellular position. Analysis of
the data from these 11 patients relative to this
point is shown in detail in the accompanying table

FIG. 2. URINARY EXCRETIONOF NA ANDK BEFOREANDAFTER NA RESTRICTION

The second vertical line on patient P indicates point at which NaCl again was added to diet;
this patient also received a total of 400 mgm. Cortisone, I.M., on 15 and 16 July, in association
with studies not pertinent to the present paper. The studies on the group as a whole had been
completed at this time; the effects on Na and K excretion are readily visible. Note that ordi-
nates are logarithmic.

- Mon
- (

/a1

1402



CHANGESIN EXCHANGEABLENA AND K AFTER NA RESTRICTION

C 4li'Y

- K

--ll%b

->
NO KK~4W r.'

VIA I

S

e No Ka kms.
f I 4

alI I

aItA
A+Iit5

* She, I
I%
k

IIII

131,j!,1

t A I A1It I,
WN4 e~K42 NO"e

t

FIG. 2.

200

100

lo

l0

1403

-ftw
I

E

I ~~~~~II

200

100

10I
E
x

I.C

tNo
f

I I lF

l



LEWIS K. DAHL, BERNARDG. STALL, III, AND GEORGEC. COTZIAS

TABLE II

Comparison of determined TENa difference after Na restric-
tson and theoretical Na equivalent of the weight change,

assuming that all weight changes were due to
variations in ECFassociated with with-

drawal or addition (P) of Na *

E.C.F.
Patient A equiv. A

and Wt. (A) TENa
No. (Kg.) (Kg. X140) (B) B -A

Group I P 5424 -4.0 -560 -389 +171
+1.0 +140 +330 +190

U 5348 -0.8 -112 -117 - 5
C 5420 - 1.0 -140 -123 + 17
E5274 -2.0 -280 -178 +102
M5283 -0.2 - 28 -152 -124
R 5303 -4.0 -560 +124 +684

Group II A 5455 -1.2 -168 -285 -117
B 5504 +0.7 + 98 -148 -246
L 5458 -1.5 -210 -384 -174

Mon 5472 +0.3 + 42 -101 -143
S5268 +0.9 +126 + 17 -109

* These values were obtained from the last TENa de-
termination before, and the first TENa after, restriction
of Na in the diet. The second value for patient P repre-
sents the difference between the last TENa before and the
first TENa after, the re-addition of Na in the diet.

(Table II) which includes changes in weight and
TENa recorded between the last measurement of
TENa before Na restriction and the first such
measurement after restriction (patient P includes a
period of sodium restriction followed by one of
sodium addition).

The present data neither wholly confirm nor re-
fute the hypothesis proposed above. It will be
seen that the five patients in Group II are in agree-
ment with the proposed interpretation in that
weight loss fell short of equivalence with the de-
crease in TENa. But in Group I only patient M
followed the same pattern although P, upon re-
adding Na, gained less weight than would have
been predicted from her increase in TENa, thereby
suggesting that if the increase in TENa was asso-
ciated with an increase in ECF, the necessary fluid
came from intracellular water. The other five
patients in this group were not in agreement with
the hypothesis suggested. In two, decline in TENa
and weight were virtually equivalent while the re-
maining three showed declines in TENa of less
than the weight equivalence by 102 to 684 mEq.
Na. It is of interest that the two groups differed
by such an extent and it is not simply explained by
the effects of weight loss with the relative absence
of such loss in Group II versus the considerable
loss in some members of Group I: patients U and

C in Group I lost insignificant amounts of weight,
yet failed to lose more than an equivalent amount
of sodium measured by TENa. Two of the five
patients in Group II lost slightly greater amounts
of weight than did U and C, yet had an associated
decline in TENa of significantly greater equiva-
lence. Parenthetically, a normal male that under-
went the regimen in Group II, and who forms the
subject of a separate report (16) behaved like the
members of Group I rather than those in his
own group; this suggested that changes in en-
vironmental temperature, diet, or unknown tech-
nical factors could not be called in to account for
the difference between the groups. It seems at
least as reasonable to interpret some of the changes
in TENa as being fluctuations in the amount of
body Na available for exchange with the isotope,
presumably due to that in the reservoir contained
in bone (17). Sjbgren (18) made a similar sug-
gestion after treating a patient with rheumatoid ar-
thritis with 20 mg. DCAfor 60 days and observing
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TABLE III

Summary of changes in blood pressure, TENaand TEK

Slgnificant* Significant
decrease in B.P. Significant change

decrease (+ or -)
Patient Syst. Diast. in TENa in TEK

C + + + 0
A + + + 0

Mon + + 0 +
E + 0 + 0
P + 0 + 0
B + 0 + 0
L 0 + + 0

Mor 0 0 + 0
R 0 0 0 -
U 0 0 + 0
S 0 0 0 0

* Statistically significant.

an increase of 700 mEq. in TENa in the presence
of a net Na loss of 330 mEq.

The data do not suggest that drastic limitation
of Na intake acts by effects on K, at least as meas-
ured by TEK. The frank lack of correlation be-
tween blood pressure changes and TEK is shown
in Figure 3. Further, as indicated in Table III,
there seemed to be no relationship between changes
in TEK, and those in TENa. The types of meas-
urements used are, of course, relatively gross and
it is possible that while no constant effect on K
metabolism was found, fine changes were effected
by the regimen but were obscured by the daily vari-
ations in K intake and the magnitude of the K
pool. No explanation is presently available for
the transient rise of TEK found in Group II and
not in Group I. With Na restriction, it is known
that K largely replaces Na as the dominant ion in
sweat (5). It is therefore possible that the warm
weather associated with the last half of the period
in which Group I was studied could have led to K
loss of considerable degree with resulting reflec-
tion upon TEK; and it is true that in this group as
a whole, TEKdeclined slightly over control values.

The weight changes failed to account for varia-
tions in TENa as mentioned earlier; this was also
true for TEK as indicated by data in columns 18
and 19, Tables Ia, Ib, and Ic. It is reasonable to
suggest that here, too, the variability found is ac-
counted for by changes due to the bone reservoir
of K (17).

SUMMARY

1. A series of 11 patients with essential hyper-
tension has been studied before and after restriction
of Na intake to approximately 6 mEq. per day.

2. After restriction of Na intake, no correla-
tions were found between changes in blood pres-
sure and either total exchangeabIl sodium or po-
tassium.

3. It was suggested that some of the variations
which occurred in TENa and TEK were due to
fluctuations in the amount of body sodium and po-
tassium made available for exchange with the iso-
topes, presumably due to the reservoir of these ele-
ments contained in bone.
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