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(Fronm the Medical Divisiont, Montefiore Hospital, Newc, York)

(Submitted for publication October 31, 1949; accepted, January 30, 1950)

Until recently, renal function in man has been
considered to be relatively unaffected by variations
in dietary salt and protein (1, 2), which produce
marked renal hemodynamic changes in the dog
(3, 4). However, studies on normal subjects
and patients in congestive failure suggest that
changes in glomerular filtration rate may influence
urinary sodium output as sodium intake is varied
(5). The present report is concerned with the
effects of dietary salt and protein restriction on
renal function and electrolyte excretion in a series
of hypertensive subjects, who were studied on
a regular hospital diet, a low salt cardiac diet, and
the Kempner rice diet (6), in which both salt and
protein are markedly reduced.

CLINICAL MATERIAL AND METHODS

The nine hypertensive patients in this series all had
long established hypertension without any clinical or
laboratory evidence of either cardiac failure or renal
pathology other than that associated with essential hy-
pertension. Because of a previous episode of congestive
failure, one patient (J. B.) was maintained on digitalis
and remained well compensated throughout the course
of these investigations. Another .(R. G.) had a previous
cerebral accident with no residual neurological signs.
A third (M. C.) had a coexisting chronic lymphatic leu-
kemia. On the basis of the usual criteria (7), one patient

1 Presented to American Physiological Society, Atlan-
tic City, N.J., March 18, 1948.

2 Supported in part by grants from the National Heart
Institute, U. S. Public Health Service, and the Martha
M. Hall Foundation.

3 The Normal Serum Albumin used in these studies was
prepared by the American National Red Cross from the
blood of voluntary donors. This material has been sup-
plied to investigators by the American Red Cross as
part of its National Blood Program. The opinion and
conclusions are those of the authors and do not necessarily
reflect the policy of the National Blood Program.

4 Rosenstock Memorial Foundation Fellow in Medicine.
5 Dazian Foundation Fellow in Medicine.

(I. G.) could be considered to be in the malignant
phase of hypertension.

Each patient was followed for three or more weeks on
the regular hospital diet, containing 65 gms. of protein
and approximately 3-4 gms. (130-175 m.eq.) of sodium,
and on the Kempner rice diet, containing approximately
20 gms. of protein and less than 0.2 gm. (3-9 m.eq.) of
sodium. Six of the patients also were studied on a cardiac
low salt diet, containing 65 gms. of protein and 0.5-0.8
gm. (20-35 m.eq.) of sodium. Several were maintained
on either the low salt or the rice diet for periods much
longer than three weeks (Table I). One patient (C. M.)
was followed, in addition, for a five day period in which
sodium chloride was added to the rice diet. To diminish
the possibility of chance errors resulting from experi-
mental design, the sequence in which individual patients
were placed on low and high salt diets was varied. To
promote the loss of sodium, mercurial diuretics were ad-
ministered to several patients (J. B., C. DeC., A. M.) on
the rice diet, until they became relatively unresponsive
(8).

Recumbent blood pressures were taken by the same
observer daily on each patient shortly after awakening in
the morning and after 30 minutes bed rest in mid-after-
noon. Most patients were weighed each morning on the
the same scale. Daily urinary chloride outputs were meas-
ured to check the patients' salt intake.

At appropriate intervals on the various regimens, renal
clearances of mannitol, para-aminohippurate, urea, so-
dium, chloride and creatinine, and maximal tubular ca-
pacity for excreting para-aminohippurate (TmPAH) were
determined on resting patients, at least 14 hours after
the previous evening meal, by the constant-infusion
clearance technique (9). Blood samples generally were
drawn from an indwelling femoral arterial needle, in-
serted after local infiltration with Metycaine. During
each clearance determination, blood pressure was taken
with a mercury sphygmomanometer. To insure adequate
tubular PAH loads, during Tm determinations in these
hypertensive patients with decreased renal plasma flows
very high PAH plasma levels, ranging from 0.8 to 1.3
mgm. per cc., were maintained.

Except in the special circumstances below, plasma
volumes were determined by the direct method with T-
1824 (10), before starting the infusion of PAHand man,

nitol. Plasma dye concentration at time of injection was
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obtained by extrapolation of dye concentration, plotted
semi-logarithmically against time of collection.

Analyses for mannitol and PAH in blood and urine,
appropriately diluted to give U/,P ratios approximating
unity in the samples analyzed, were by the usual meth-
ods (9). PAH was acetylated before determination of
mannitol, as suggested by Barker and Clark (11). The
other determinations on serum and urine were performed
as follows: Sodium by the gravimetric method of Butler
and Tuthill (12); chloride by either a modified Volhard
method (13) or by Van Slyke's modification of Sendroy's
iodometric method (14); urea gasometrically in the Van
Slyke manometric apparatus (15); creatinine by either
the Folin-Wu (16) or a modification of Phillip's method
(17); serum proteins and A/G ratios by the method of
Campbell and Hanna (18); serum concentration of the
blue dye, T-1824, by means of the Beckmann spectro-
photometer or a Fisher photo-electric colorimeter; he-
matocrits in Wintrobe tubes spun for 30 minutes at 3,000
rpm.

RESULTS

Table I contains all data on each patienit, in-
cluding the sequence of dietary chalnges. The re-
nal hemodynamiic and the uriniary electrolyte
and volume data are averages of at least three
clearance periods, preceding the TiilAii determina-
tions. Blood pressure, serumii electrolyte concen-
trations, hematocrits, etc., wheni not constant
throughout, are mid-point values during these
periods. In the tables the nine subjects are sepa-
rated into two groups on the basis of renal func-
tion. All mannitol and PAH clearances, and
TmPAHvalues are corrected for body surface area.

Glowterldar filtrationi. rates ) in these hyperten-
sives ranged from 114 to 53 cc. per niin. per 1.73
M2 on control diets. While on the low salt cardiac
diet, five of the six patients had a 15-33% de-
crease in mannitol clearance. Despite the small
number in this series, this reduction in glomerular
filtration rate approaches being statistically (20)
significant (D.F. = 5, "t" = 3.80, P = 0.012). In
all nine patients the additional salt and/or protein
restriction of the Kempner regimen, plus repeated
mercurial injections in three of the nine, led to a
decrease in glomerular filtration rate to values
28-47% below the control values, a difference
which is statistically highly significant (D.F. =
8, "t" = 8.98, P = 0.0001). IIn the two patients
(R. C. and A. M.) who were again placed on the

6 Mannitol clearance was used as an index of filtra-
tion rate although it is recognized that some tubular re-
absorption of this hexose does occur (19).

full diet, the glomerular filtration rate returned to
previous control values (cf. Table I).

The imiiportance of salt restriction alone may
be illustrated by patient C. DeC., in whomii 17
days on the cardiac low salt diet produced a marked
decrease in glomierular flltration rate which re-
miiained uinchanged after an additional nine weeks
on this regimiien. Subsequently, four months oln
the rice diet, with bi-weekly administration of mer-
curial diuretics for the last four weeks, resulted in
weight loss of 4.3 kglmi. with no appreciable fur-
ther decrease in glomerular filtration rate or renal
plasma flow.

Generally, variations in the miiannitol clearanices
vere associated with parallel changes in urea and
creatinine clearances. Figure 1 shows the absence
of any significant deviation in miannitol,/urea clear-
ance ratio on either the low salt or the rice diet.
In spite of the reduced urea clearance with the
decreased protein intake on the rice diet, the BUN
fell significantly in every case.

Effective renial plasmiia flowcs, as measured l)y
clearance of PAH, ranged from 517 to 223 cc. per
min. per 1.73 M2 on control diets, almost all below
the average normal figures (9). The reduction in
renal plasma flow with restriction of salt and pro-
tein intake was not as constant or as marked as

that in filtration rate. Moreover, this decrease
was less apparent in the possibly more apprehen-
sive patients (G. B., R. C., A. M.), in whom the
renal plasma flow on the full diet miay have been

8C

70

6C

:
X4

cr

0

4< 40

20

I, ,,III go x

x
0

x x x

.xo

0

x * 0 SALT POORDIET
S

x * RICE DIET

* x FULL DIET
* 0 A RICE4 13 GM. NACL

.
_I

S

I I|I asI 1

MANNITOL CLEARANCE

FIG. 1. RELATIONSHIP BETWEENTHE UREAANDMAN-

NITOL CLEARANCESIN HYPERTENSIVEPATIENTS ON FULL,
Low SALT CARDIAC, AND RICE DIETS

642



LOWSODIUM DIET AND KEMPNERREGIMEN IN HYPERTENSIVES

FIG. 2. THE EFFECTS ON RENAL HEMODYNAMICS,SE-
RUM SODIUM CONCENTRATION, PLASMA VOLUME, AND
BLOODPRESSUREPRODUCEDBY RAPIDLY INFUSING 1100 CC.
OF AN ISOTONIC (5%) SALT-POOR HUMANALBUMIN SO-
LUTION IN A HYPERTENSIVEPATIENT (C. DEC.) ON THE
RICE DIET

abnormally low because of the anxiety associated
with the first clearance study, as reported by Bar-
clay (21). When compared with renal plasma
flow in the full diet, the decrease in renal plasma
flow on the low sodium cardiac diet was not statis-
tically significant (D.F. = 5, "t" = 3.04, P =

0.028), whereas the decrease on the rice diet was
statistically highly significant (D.F. = 8, "t" =
5.08, P = 0.001).

The filtration fraction (F.F.), the ratio of Cm/
CPAH, in these hypertensive subjects on full diets
ranged from 0.21 to 0.27. It tended to fall on low
salt and rice diets, since there was a smaller de-
crease in renal plasma flow than in glomerular
filtration rate, and returned to control levels when
patients were restored to full diets (Table I).

The maximal tubular capacity for excreting
para-aminohippurate (TmPAH) decreased in three
of five patients on the rice diet. However, in the
presence of high plasma levels of PAH, small
errors in filtration rate may produce greater vari-
ation in T.PAH, thereby contributing to the lack
of statistically significant changes observed in the
latter function in this small series. The levels of
TmPAHand filtration rate on the full diet permitted
differentiation of the patients into two groups on
the basis of renal function (Table I).

Plasma volume also tended to decrease with salt

restriction as others have reported (22), but the
changes in this small series are not statistically
significant. When compared with plasma volume
on the full diet, plasma volume on the rice diet
decreased 10-25%o in five patients with good (M.
C. and C. DeC.) or impaired (C. M., I. G. and A.
M.) renal function and did not change significantly
in three others with good (R. C., G. B.) or poor
(R. G.) function.

The influence of plasma volume alterations on
the renal hemodynamic changes resulting from
salt and protein restriction. Since salt restriction
reduces extracellular fluid volume and plasma vol-
ume which in turn may influence renal function,
the renal hemodynamic effects produced by rapidly
increasing the plasma volume with salt-poor hu-
man albumin infusions were studied in two hyper-
tensive patients on the rice diet, one (C. DeC.)
with good and the other (R. G.) with reduced
renal function. Approximately, 1100 cc. of a
5%o solution of human albumin, made isotonic
with plasma by adding glucose and mannitol, were
infused at a rate of 10-12 cc. per min.

The responses in both patients were qualitatively
the same (cf. Table I) and are illustrated in Figure
2 from the data on patient C. DeC. At the start

FIG. 3. THE EFFECTS ON RENAL HEMODYNAMICS,SE-
RUM SODIUM CONCENTRATION, PLASMA VOLUME, AND
BLOOD PRESSUREPRODUCEDBY INFUSION OF 300 CC. OF
0.78 M (4.5%) NACL PLUS 150 CC. OF 0.83 M NALAC-
TATE AT A RATE OF 4 CC. PER MIN. IN HYPERTENSIVE
PATIENT I. G. ON THE RICE DIET

643
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TABLE II

Effect of rice diet and concentrated sodium infusion during rice diet on renal hemodynamics
and serum and urine electrolytes in a non-hypertensive subject

Serum Urine
Diet Renal function*

Wt. B.P. Hemat. Protein Electrolytes Electrolytes

Dura-' Fo
Type tion GFR RPF FF RBF T.pAH Total A/G Sodium Chloride Sodium Chloride

cc./ cc./ cc./ mgm./ gms. cc.! m.eq./ m.eq./
weeks kgm. mm.Hg % msn. min. % min. min. % m.eq./1. m.eq./l. min. min. min.

Rice 2 53 112/74 42.7 87 491 17.7 857 5.84 1.71 - 102.4 13.0 - 0.0155

Rice 4 50 110/72 37.2 92 455 20.2 736 - 5.74 2.50 132.8 97.4 7.3 0.0049 0.0029

After sodium - - - 32.0 106 611 17.3 896 - 4.77 2.04 138.4 101.5 2.32 0.1422 0.0991
infusiont

Full diet 10 57.2 110/72 41.7 116 543 21.8 931 110 5.74 3.10 136.3 104.4 11.6 0.284 0.333

* Glomerular filtration rate (GFR), renal plasma flow
surface area of 1.73 M2.

t See text.

of this procedure, after 19 weeks on the rice diet,
C. DeC.'s plasma volume, glomerular filtration
rate, and renal plasma flow were 78%, 66%, and
77%, respectively, of values on the full diet. With
the infusion of the 5%o albumin solution, plasma
volume and renal plasma flow 7 quickly increased
to the previous full diet levels, whereas glomeru-
lar filtration rate at first remained unchanged and
later decreased slightly.

The effect of concentrated sodium infusion on
renad hemodynamics in patients on the rice diet.
In view of the preceding results with salt-free al-
bumin, the effect of administering concentrated
sodium solutions was studied. Figure 3 presents
the changes in serum electrolytes, plasma volume,
and renal hemodynamics before, during and after
the slow intravenous infusion of a solution, con-
taining 300 cc. of 0.78 Molar sodium chloride and
150 cc. of 0.83 Molar sodium lactate, in patient
I. G., who had been on the rice diet for approxi-
mately six weeks (Table I).

During the concentrated sodium infusion, there

7 Since Cargill (23) has reported that administration
of concentrated human albumin in man results in de-
creased renal para-aminohippurate extraction, it was
recognized that the renal plasma flow changes after al-
bumin administration may have been even greater than
those recorded. However, by renal vein catheterization
we found no change in PAHextraction after administra-
tion of isotonic albumin solution as described above to one
subject in congestive failure, who had been on the rice
diet for 12 weeks (24).

(RPF), renal blood flow (RBF) and TPAH corrected to a

was not only rapid increase in serum sodium con-
centration and renal plasma flow to values greater
than on the full diet, but also a smaller but sig-
nificant increase in filtration rate. After the com-
pletion of this infusion, renal plasma flow contin-
ued to increase, whereas serum sodium concen-
tration and filtration rate decreased somewhat.
No significant changes in blood pressure or tem-
perature occurred. However, after the infusion
was completed, there was significant hemodilution,
as reflected by a 10% decrease in hematocrit and
serum protein concentration, which may have con-
tributed to the increase in filtration rate.

This procedure was repeated on one non-hy-
pertensive subject (J. P.), a 23 year old female
with suspected congenital heart disease but no
evidence of failure, who had been on the rice diet
for four weeks, and similar results were ob-
tained (Table II).

Influence of sympathetic nervous system on re-
na response to salt restriction. To test the pos-
sible role of neurogenic factors in maintaining the
decrease in filtration rate and renal plasma flow
with salt restriction, dibenamine 8 (N, N, di-
benzyl /8 chloro ethylamine), an adrenergic block-
ing drug, was administered to patient R. G., who
had been on the rice diet for three weeks. During
three control clearance periods, blood pressure
averaged 230/125. After 275 mgm. of dibenamine

8Dr. Henry Haimovici supplied the dibenamine and as-
sisted in conducting the experiment.
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were injected in 450 cc. of 5%o glucose solution at
the rate of 7 cc. per min., glomerular filtration rate,
renal plasma flow, blood pressure, and serum elec-
trolytes all were somewhat reduced. Three and
one-half hours later, as the dibenamine took full
effect and the blood pressure dropped to 160/90,
glomerular filtration rate and renal plasma flow
returned to, but did not exceed, pre-dibenamine
levels on the rice diet (Table I). However, the
serum sodium concentration was 10 m.eq. per 1.
lower than at the start of the experiment, probably
due to the sodium diuresis from the rapid ad-
ministration of the 5% glucose solution to a de-
pleted patient.

Renal resistances were calculated by means of
Lamport's improved formulae (25) and corrected
for changes in blood viscosity. On the full diet

these patients all had increased renal afferent
(Ra), efferent (Re) and total (Rr) arteriolar re-

sistances with an increased Ra/Re ratio. On
the low salt cardiac diet, there were no consistent
significant changes. On the rice diet there was

no consistent change in Re but in seven of nine
patients there was an increase in Ra and, there-
fore, in Rr. After infusions of isotonic albumin,
dibenamine, or concentrated sodium solutions,
there was a decrease in Ra, Re, and Rr, with a

variable change in the Ra/Re ratio.
Salt excretion decreased in both groups of pa-

tients when the salt content of the diet was re-

duced, but the sodium and chloride excretion dur-
ing renal clearance periods were not as low as

would be expected. In contrast, the 24-hour chlo-
ride excretions balanced well against the known

TABLE III

Relationship between urine volume and ekctrolyte excretion in normal and hypertensive subjects
with good renalfunction

Patient B.P. Diet Tml?AH* GFR* Urine flow Sodium Chlortide

mm.Hg mgm./min. cc./min. cc./min. m.eq./min. m.eq./min.
A. D. 120/85 Full 150.0 6.54 0.342 0.448

151.0 6.52 0.319 0.458
158.0 8.49 0.336 0.508

N. G. 110/70 Low salt - 59.0 3.45 0.047 0.088
62.0 6.66 0.072 0.071
52.0 2.15 0.070 0.071
61.0 1.61 0.053 0.071

D. M. 110/80 Full 97.5 2.37 0.162 0.229
96.7 3.11 0.161 0.232
91.9 5.96 0.172 0.255

R. W. 128/78 Full plus 97.6 13.8 0.276 0.349
NH4Cl 96.5 11.0 0.273 0.326

96.6 5.78 0.274 0.315

R. C. 229/129 Full 112 94.0 8.26 0.972 0.922
96.0 6.66 0.692 0.698
92.0 5.86 0.597 0.570

255/134 Full 108 114.0 11.30 1.14 0.972
107.0 8.66 0.870 0.716

97.0 6.48 0.630 0.518
C. DeC. _ __ __ _

226/126 Rice 72.2 10.5 0.625 0.418
72.8 8.36 0.532 0.379
73.8 7.20 0.474 0.368

J. B. 235/160 Rice 110 63.0 10.5 0.204 0.204
56.0 9.58 0.141 0.151
61.0 6.90 0.102 0.095

G. B. 240/114 Full 108 117.5 4.85 0.512 0.438
95.3 2.89 0.266 0.236

103.0 2.41 0.206 0.174

Corrected to body surface area of 1.73 MS.
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intakes. For example, in 24 hours patient J. B.
on the rice diet excreted less than 9 m.eq. of chlo-
ride. On the other hand, during renal clearance
studies, his chloride and sodium output in urine
was 0.146 m.eq. per min., equivalent to 200 m.eq.
per day. However, his average urine flow dur-
ing the 24-hour period was 0.85 cc. per min.,
whereas, during the clearance periods, it was 8.98
cc. per min., as a result of the water and mannitol
diuresis.

At the plasma levels employed in these cases,
the osmotic effect of the mannitol in the tubular
urine may increase sodium and chloride excretion,
but in normal subjects this increased electrolyte
excretion generally is not proportional to urine
volume. In Table III are presented data on the re-
lationship between urine volume and electrolyte
excretion in four non-hypertensive subjects and
four representative hypertensives with normal
TmPAH values, who had varying urine volumes
during successive mannitol and PAH clearance
periods, prior to TmpAH determinations. It is
apparent that unlike normal subjects, these hyper-
tensives exhibit a proportionality between urine
volume and sodium and chloride excretion on both
high and low sodium intake. In patients R. C. and
and C. DeC., for example, salt excretion bears an
almost direct relationship to urine volume.

Serum electrolyte changes. In patients with
fairly normal glomerular filtration rates and
TmPAH's, the change in serum sodium and chlo-
ride concentration after even months on the rice
diet was slight, whereas in the patients with low
glomerular filtration rate and reduced TmPAHon
full diets, there was a marked and rapid drop in
these serum electrolytes with severe sodium re-
striction; serum bicarbonate did not change ap-
preciably.

Significant decrease in both diastolic and systolic
blood pressure with the rice diet was observed in
only one (R. C.) of this small series of patients,
most of whom were on the diet for relatively
short periods. After 12 days on the Kempner
diet, her morning resting pressures dropped to
150/90 and, on one occasion, to 140/80, but she
exhibited the usual diurnal vascular lability. On
the morning of her renal clearance tests on the rice
diet, her pressure was 180/110. Fifteen days after
resumption of the full diet, her morning resting
pressure had returned to 160/100. In another pa-

tient (A. M.), systolic pressure decreased mark-
edly during the rice diet period.

DISCUSSION

Although it is well recognized that renal blood
flow and glomerular filtration rate in the dog
may vary markedly with change in protein or
salt intake (3, 4), the corresponding renal func-
tions in man have been considered relatively re-
sistant to such dietary influences (1). However,
there have been repeated demonstrations (26-28)
that in normal men or convalescent nephritics,
urea clearance decreases 20-30%o when protein
intake is reduced, but does not change significantly
when the protein intake is increased to as much
as 280 gms. per day. This protein intake, as
Goldring and his colleagues (27) have noted, is
small in comparison with the 15 gms. per kgm.
which produces a supernormal renal blood flow
in the dog (3).

Similarly, evidence has been accumulating that
acute changes in body sodium chloride may have
marked renal hemodynamic effects in man. Mc-
Cance and Widdowson (29) reported a 25-30%o
decrease in the clearances of endogenous creati-
nine, urea, sucrose, or inulin in five normal men,
in whom acute salt deficiency was produced by
the low salt diet plus severe sweating induced by
artificial heat. Conversely, others have observed
significant increases in filtration rate during rapid
infusion of concentrated sodium solutions in nor-
mal men (30), and patients with diabetes insipidus
(30) or congestive failure (8, 31), as well as in
normal dogs and dogs with diabetes insipidus
(32).

However, prior to the present study, the only
published report of the effects on renal hemody-
namics of moderately and severely reduced salt in-
take, uncomplicated by rapidly dehydrating pro-
cedures, was Cope's statement (26) that urea
clearance is unchanged on a low salt diet in nor-
mal subjects and nephritics with daily urinary
sodium chloride excretions of less than 1 gm.
Our results demonstrate that glomerular filtra-
tion rate and renal plasma flow may change sig-
nificantly as salt intake is decreased in hyperten-
sive subjects with good or poor renal function.

Since the completion of this work, several in-
vestigators have confirmed these findings. Chasis
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and his associates (33) have reported similar
hemodynamic changes in hypertensive subjects
on the Kempner regimen and concluded that the
decreases in glomerular filtration rate and renal
plasma flow and TmPAHwere significant. Cur-
rens and his colleagues (34), Sirota (35), and
Cargill (36) have made similar observations on
smaller numbers of hypertensives. Bradley (37)
also has observed a decrease in the glomerular
filtration rate and renal plasma flow in several
hypertensive patients placed on a low salt diet for
six to nine days.

The nature of the mechanism relating salt or
protein intake to renal hemodynamic functions
remains obscure. Rhoads and his associates (38)
demonstrated that the variations in renal blood
flow with protein intake in the dog were unaf-
fected by denervation of the kidney. Our results
in the single dibenamine experiment tentatively
suggest that the decreased renal plasma flow and
glomerular filtration rate observed in hypertensives
on the rice diet may be similarly unaffected by
this pharmacological sympathectomy. Further-
more, recent evidence indicates that there may be
other marked chronic changes in renal hemody-
namics, which are relatively independent of neural
influences (39-42).

In addition, the characteristic renal hemody-
namic change observed with salt and protein re-
striction-a relatively greater decrease in glomeru-
lar filtration rate than in renal plasma flow, re-
sulting in a decreased filtration fraction-is not
typical of the renal response to known humoral
substances with potential renal hemodynamic ac-
tions, such as angiotonin (43), VEM (44), or
epinephrine (45). However, when the plasma
volume was rapidly increased in two of our pa-
tients on low sodium regimens by the infusion of
isotonic albumin solution, the renal hemodynamic
response resembled the reaction to a pyrogen
(46) or to a concentrated albumin injection (23)
in a normal or a hypertensive subject on a full
diet; the renal plasma flow increased to normal
or supranormal values, but the glomerular filtra-
tion rate was not affected appreciably. Thus, in
the patients on a restricted salt intake the intra-
renal mechanism for maintaining the glomerular
filtration rate (47) may be set at a lower homeo-
static level.

The stimulus activating the change in the set-

ting of this intrarenal homeostat in subjects on
the rice diet must await further elucidation. The
prompt increase in filtration rate with concen-
trated sodium infusions or addition of salt to the
diet of patients on restricted intakes tends to im-
plicate some factor in sodium metabolism. Sev-
eral investigators (5, 48, 49) have suggested that
there is some mechanism relating renal hemody-
namics, particularly filtration, to extracellular
fluid volume. But more evidence must be ob-
tained before it can be accepted that changes in
extracellular fluid volume, which is greatly af-
fected by salt intake, can influence renal function
in man.

The changes in glomerular filtration rate with
variations in sodium chloride intake may be of
particular significance in light of the recent analy-
sis by Wesson, Anslow, and Smith (5) of the par-
tition of electrolyte reabsorption between proxi-
mal and distal tubular segments of the mammalian
kidney. They have advanced the hypothesis that
there may be a maximal rate of distal tubular re-
absorption of sodium or TmDNa. When the load
of filtered sodium delivered to the distal tubules
exceeds this TmDNa, the excess sodium appears
quantitatively in the urine. Conversely, when
the quantity of filtered sodium decreases and the
amount delivered to the distal tubule falls below
the TmDNa, sodium excretion diminishes markedly.
Thus, the filtration rate, by virtue of its effect on
the electrolyte load delivered to the distal tubules,
may play a much more important role in control-
ling sodium excretion than hitherto has been sus-
pected.

Because of the importance of the kidney in the
conservation of extracellular electrolytes (50),
it would seem a priori that not one but several
renal mechanisms function in regulating the ex-
cretion of the principal extracellular cation, so-
dium. The role of adrenal cortical steroids in
promoting tubular reabsorption of sodium in
adaptation to heat (51), salt depletion (29),
hemorrhage (2, 52), and possibly circulatory fail-
ure (52) is established. However, by applying
Smith's hypothesis (5), much of the reported in-
creased tubular reabsorption of sodium may be
explained satisfactorily as a consequence of the
decrease in glomerular filtration rate which may
occur in each of these situations. This hypothesis
also permits a hemodynamic explanation of the
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absence of proportionality between sodium clear-
ance and filtration rate (53) and the virtual disap-
pearance of sodium from the urine in severe con-
gestive failure, when the glomerular filtration rate
may be reduced only to 50%o of normal.

Probably, both humoral (51, 54) and hemody-
namic mechanisms for conserving sodium are ac-
tivated whenever the organism responds to a
stimulus strong enough to lead to sodium reten-
tion. The adaptive significance of this dual sys-
tem for regulating salt excretion is apparent.
The two controlling mechanisms permit both rapid
and more chronic adjustment of electrolyte ex-
cretion to the needs of the organism. Moreover,
under varying circumstances, this balance can be
achieved with minimal change in renal tubular
and endocrine activity, particularly under condi-
tions of sustained increase or decrease in electro-
lyte intake. Finally, each system can compensate,
in part, for failure of the other to respond appro-
priately or rapidly enough in a given situation.

The confirmation of Farnsworth's findings (55)
that sodium and chloride excretion may parallel
water output during water diuresis in hyperten-
sives raises again the question of early renal in-
volvement in hypertension. A possible criticism
of Farnsworth's data has been that her patients
had advanced hypertensive vascular disease with
damaged renal tubules which, therefore, were
leaking electrolytes. However, in the present se-
ries, hypertensives with fairly normal filtration
rates and TmPAHs exhibited the same parallelism
between water and salt excretion. Earle (56)
has recently demonstrated that there may be no
exact correlation between various tubular func-
tions in renal disease; yet, it is significant that the
electrolyte leakage by the hypertensive kidney
may precede depression of glomerular filtration
rate or even of TmPAH, which has been considered
the first sign of functional renal impairment in hy-
pertension (9).

The present data suggest that there may be two
possible dangers of a very low sodium diet for
hypertensives. The first is the marked drop in
glomerular filtration rate, which in patients with
reduced renal function may lead to a severe or
even fatal azotemia, particularly if sodium loss is
accelerated by the administration of mercurial diu-
retics (57, 58); and the second is the rapid loss
of extracellular electrolyte in hypertensives with

more advanced renal disease. However, in most
hypertensives, the loss of electrolyte and decrease
in renal function are not sufficiently serious to out-
weigh the possible benefits of this dietary therapeu-
tic experiment, when properly supervised.

SUMMARY

The effect of low salt cardiac and Kempner rice
diets on renal hemodynamics, electrolyte excre-
tion, and serum electrolytes was studied in a se-
ries of hypertensive patients who were on each
regimen for relatively short periods.

On the low salt diet, no conclusive changes in
renal plasma flow, renal arteriolar resistances,
TmPAH, plasma volume, and serum sodium and
chloride occurred, but in five of six patients there
was a decrease in glomerular filtration rate.

On the rice diet, with the added use of mer-
curial diuretics in several patients, more definitive
changes occurred. In all nine hypertensive pa-
tients and in one non-hypertensive subject, there
resulted a significant decrease in glomerular fil-
tration rate, a smaller decrease in renal plasma
flow, and a reduction in filtration fraction. In
seven patients there was a decrease in renal af-
ferent arteriolar resistance. In five patients there
was a fall in plasma volume and in three of five
a decrease in TmPAH. In those patients with ini-
tially reduced renal function, serum sodium and
chloride fell.

In two patients on the rice diet, when plasma
volume was rapidly increased by infusing isotonic,
salt-poor serum albumin solutions, renal plasma
flow returned to control values but the reduced
glomerular filtration rate was not altered. In
another patient, the reduced filtration rate and
renal plasma flow on the rice diet were not affected
by dibenamine. In contrast, infusions of hyper-
tonic sodium solutions in one hypertensive and
one non-hypertensive subject on the rice diet were
associated with a significant increase of glomerular
filtration rate and a rise in renal plasma flow
above full diet control values.

On all three diets, 24-hour sodium and chloride
outputs agreed well with known intake. How-
ever, in contrast to normal subjects, the hyper-
tensives exhibited a proportionality between
urine volume and electrolyte output during water
and mannitol diuresis. This electrolyte leakage
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may be the earliest sign of renal tubular damage
in hypertension.

The possible role of alterations in renal hemo-
dynamics, and particularly decreased filtration, in
conserving electrolyte during restricted salt in-
take is discussed from the point of view of glomeru-
lar-tubular balance. Adrenal cortical hormone
regulation of tubular reabsorption of electrolyte
is also considered.
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