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that at plasma concentrations below 0.002
no agglutination would occur.

Discussion. 1t is probable that formalde-
hyde modified the cell surfaces even though
they could still be agglutinated once the free
agent was removed since the second ‘“‘gela-
tion” stage was never observed in these sta-
bilized systems. The effect on the plasma
factor was more drastic since even after
dialysis, the formaldehyde-treated plasma
could not agglutinate the resuspended cells.
Formaldehyde also very effectively prevents
the interaction of fibrinogen to form fibrin
(5). Inasmuch as heterologous plasma did
not cause agglutination it would appear that
a special “factor” was involved rather than a
non-specific effect of, say, plasma protein.

The quantitative resistance of this cellular
activity to drying is of interest but is in ac-
cord with the general durability of aggluti-
nating systems. The very high temperature
coefficient of the reaction is perhaps surpris-
ing. Much lower values have been observed

for the polymerization of both vertebrate and
invertebrate fibrinogens(6).

Summary. Stable cell suspensions were
prepared from Limulus blood using 0.05-
0.10% formaldehyde. Washed cells could be
agglutinated by as little as 0.01 volume of
fresh homologous plasma. The initial stages
of this reaction showed moderate concentra-
tion dependence and very strong temperature
dependence.
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In other papers, evidence has been pre-
sented which indicated that salt (i.e. sodium)
intake played a primary role in the patho-
genesis of human essential hypertension(1-2).
Since this thesis was developed by semi-quan-
titative means, confirmation by quantitative
technics seemed pertinent and forms the sub-
ject of the present report. Beginning in 1953,
every member of the Brookhaven National
Laboratory staff who reported to the staff
clinic for annual physical examination by Dr.
Robert A. Love was questioned as to his salt
intake and classified into one of 3 groups as

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

t The author wishes to thank Phelps Crump, for
his helpful criticisms of the statistical analyses.

follows: 1) Low intake—this individual did
not add, and had never added, salt to his food
at table; 2) Average intake—this individual
added salt to his food if after tasting, it was
insufficiently salty; and 3) High intake—this
subject routinely added salt to foods cus-
tomarily salted, but did so before tasting
them. The defects in this type of classifica-
tion were recognized, but the author thought
this was a method by which a large series
could be studied readily and the implications
of a low versus a high salt intake tested. The
other papers may be consulted for further
details but in summary the following results
were obtained: Among the 1346 adults who
were classified according to the categories
listed above, there were 135, 630 and 581 in
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TABLE I. Average Daily Urine Sodium Values in 28 Ambulatory Male Subjects.

——“¢Loow’’ NaCl intake —— ——*%“Avg’’ NaClintake—— ——*“High’’ NaCl intake——

Days mEqXNa Days  mEqNa Days mEqNa

urine  per day  Hyper- urine  per day Hyper- urine per day Hyper-

Age collected (avg) tension Age collected (avg) temsion  Age collected (avg) tension
48 9 197 + 33 7 210 0 45 7 244 +
40 6 173 0 69 7 202 + 25 7 236 0
33 7 171 0 37 8 191 0 33 7 236 +
43 7 158 0 33 28 181 0 42 7 227 +
39 7 157 0 40 38 180 0 36 7 202 +
49 7 140 0 56 7 179 + 31 7 195 0
55 13 126 il 35 8 134 0 53 7 192 =+
36 7 125 0 29 7 131 0 27 7 185 0
43 7 116 0 45 7 184 0
45 6 160 +
28 7 156 0

the Low, Average and High intake groups re-
spectively. The 105 hypertensives in this
series were distributed as follows: Low in-
take, 1; Average intake, 43; High intake, 61.
Tested by the chi-square method, the proba-
bility of this distribution occurring by chance
was found to be less than one in a thousand
(x®=16.1, p<<.001). Individuals classified
in the Low NaCl intake group had signifi-
cantly less hypertension (p<.01) while those
on a High intake had significantly more hy-
pertension (p<C.01) than would have been
predicted by chance alone.

The current study had as its goal the quan-
titation of urinary sodium among individuals
with and without hypertension in the several
salt-intake groups described above. In pro-
longed metabolic studies on ambulatory in-
dividuals both normal and hypertensive, the
author has found the urinary sodium to be a
highly reliable measure of the sodium intake.
Therefore, while urinary excretion of sodium
was measured, under the conditions of the
current study it seems reasonable to assume
that this accurately reflected the actual in-
take of this ion.

Procedure. Selection of individuals was
based on: 1) Sex—only males were tested
because of greater ease of collecting samples,
lack of need to allow for pre-menstrual Na
retention, and because analysis of data had
indicated that statistical significance was un-
affected by elimination of females; 2) Pres-
ence or absence of hypertension; 3) Avail-
ability and willingness to participate for ap-
proximately one week. All subjects were in

essentially sedentary occupations at the Lab-
oratory. Most of these people were unaware
of the nature of the study, but included in
the series are 5 colleagues from Brookhaven
Medical Department who knew the general
problem under investigation: all 5 denied any
conscious deviation from their normal use of
salt at table. Two others, however, stated
that they had decreased their salt intakes con-
sciously and therefore have been omitted.
Complete 24-hour urine collections were made
for 6-38 days (median 7 days; average 9.1
days) and in almost all instances, the 24-hour
collections were made on consecutive days.
Fach collection unit contained a detailed set
of directions on procedure to be followed; in
case a sample was lost, the subject was in-
structed to discard the collection and resume
on a full 24-hour basis. Each individual was
told not to deviate from his normal behavior
pattern and only in event of illness was the
test to be abandoned. Urine was voided di-
rectly into chemically clean capped bottles.
After measurement of volume from each 24-
hour specimen an aliquot was removed for
subsequent sodium analysis. Sodium concen-
tration was measured in duplicate on a Baird
Model DB2 flame photometer using internal
lithium standard. ¥rom the 24-hour urine
volume and concentration of sodium, the
24-hour urine sodium output was calculated.
Since stool sodium amounts to only about 3
mEq,'d(3), in the absence of unusual extra-
renal losses, Na retention, or advanced renal
disease, the urine Na output reflects ac-
curately the intake of this ion(4). Because
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TABLE II. Statistical Summary of Data.

By Student’s t test, the mean ages in the groups did not differ significantly. By the same test,
the mean level of sodium in the urine differed significantly among the following groups:

Lowwshigh p <.01

Low vs high (non-hypertensives) p <.02 >.01

Non-hypertensives (all groups) vs hypertensives (all groups) p <.01
”LOW” “.A.Vg” l‘High”
NaCl group NaCl group NaCl group Total

Subjects 8 9 11 28
Age—yr* 429 + 74 41.7 +10.6 373 x 9.2 40.3 == 10.6
Hypertension 1 2 6 9
Urine Na—mEq/day* '

(a) All subjects 155.9 =+ 25.2 169.3 =+ 33.7 201.5 =+ 30.5 178.1 = 35.2

(b) Non-hypertensives  150.0 = 19.5 163.2 + 35.7 191.2 + 28.9 165.7 = 32.0

(e) Hypertensives 197 191 210 204.3 + 27.3

* Mean and S.D.

all studies reported here were done during
cool or cold weather, it is unlikely that sweat
losses were significant. There were no clini-
cal grounds for expecting abnormal Na reten-
tion. There was no evidence of renal disease
in the subjects except for mild albuminuria
in some members with hypertension. Blood
pressure measurements were made with mer-
cury sphygmomanometer while patient sat
quietly in upright position with arm resting
on examiner’s desk. Systolic and diastolic
levels were assumed to be represented by the
first and fourth auscultatory phases, as
recommended by a Committee of the Ameri-
can Heart Association(5). Hypertension was
defined as a level of at least 140 mm of mer-
cury systolic in combination with a pressure
of at least 90 mm diastolic.

Resuits. 'The data are summarized in
Tables I and II. The most significant points
to be noted are:

1) Groups of individuals who had been
previously classified as having “low” salt in-
takes showed significantly lower (p<C.01)
average levels of urinary sodium excretion
than individuals classified as having “high”
salt intakes.

2) Individuals previously classified as
having “average” salt intakes were presently
found, as expected(1l), to range throughout
the low-average-high spectrum of sodium ex-
cretion. Statistically this group did not dif-
fer significantly from the other 2 groups.

3) The single individual in the “low” in-
take group who had hypertension, excreted

sodium in amounts equal to members of the
“high” salt-intake group rather than to his
non-hypertensive companions in the “low”
intake group.

4) When the 28 subjects were reclassified
into 2 groups according to presence or ab-
sence of hypertension, it was found that the
group with hypertension had significantly
greater (p<<.01) Na excretion than did those
without hypertension.

Discussion. In view of the sedentary oc-
cupations of these subjects differences in ac-
tivity among members of 3 groups with cor-
responding variations in sodium loss through
sweat, could hardly account for these find-
ings. There is no evidence that hyperten-
sives have a different metabolic rate from
non-hypertensives; and a metabolic study re-
ported by Dole ef al.(6) as well as observa-
tions in the author’s laboratory reveal no cor-
relation between changes in sodium intake
and metabolic rate. Therefore it is improb-
able that the output of sodium is related to
metabolic rate. In rats with experimental
renal hypertension, it has been found that if
self selection is. permitted, a reduction of so-
dium intake usually occurs in association
with development of hypertension(7). Aside
from obvious differences in the species of ani-
mal in that study and the present one, it
seems fair to say that human essential hyper-
tension and experimental renal hypertension
cannot be regarded as identical diseases(8).
Indeed, Castleman and Smithwick have re-
ported(9,10) that among individuals who
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underwent bilateral sympathectomy for hy-
pertension, histologic changes were absent or
insignificant in biopsied kidneys of about a
quarter and nearly the same fraction had
only minimal changes.

The correlation between high salt intake
(as intake is defined by urinary sodium ex-
cretion) and hypertension does not neces-
sarily establish the dependency of one on the
other but such a cause-effect relationship
must be heavily implicated. More prolonged
studies of a larger series of subjects are ob-
viously necessary. Nonetheless, since the
quantitative data in this relatively small
group are in agreement with those of the 1346
individuals analyzed earlier. it is reasonable
to anticipate further confirmation. If an en-
hanced salt intake is indeed found in hyper-
tensives an important question is whether it
is a manifestation, rather than a cause. of
the disease. It has been suggested that hy-
pertensives have an increased appetite for
salt(11) a possibility which the work re-
ported here cannot exclude. However, for
8 years the author has used drastic Na re-
striction (40-125 mg-day) under metabolic
ward conditions for study and treatment of
patients in all stages of this disease: no evi-
dence of salt craving has been noted such as
might have been expected if excessive salt
appetite were part of the illness. Many of
these patients had consumed very large
amounts of salt prior to reduction of intake
so that this seems relevant to the issue.

Conclusion. Among 28 subjects with and
without hypertension, the group with high
blood pressure had significantly greater
(p<.01) sodium intakes (as measured by
urinary outputs) than did the group of non-
hypertensives. This finding was in agree-
ment with a hypothesis previously proposed,
namely, that the level of sodium intake was
of primary etiologic importance in the de-
velopment of essential hypertension.
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