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SECTION A - SURVEY OF THE LITERATURE

The Adrenal Cortex and Electro%zges

Recognition of the role of the adrenal cortex in electrolyte
metabolism dates back to 1927 (1,2). Since then, a great deal has been
learned about the effects of adrenalectomy, and replacement therapy, on
electrolyte metabolism. A number of adrenal cortical compounds have
been isolated, and their biological activity in adrenalectomized animals,
and in patients with Addison's disease, has been ascertained. No attempt
will be made, in this section, to cover all of the findings reported on
the subject of the adrenal cortex and electrolytes, as several excellent
reviews have appeared in recent years (3,4,5). However, some findings,
pertinent to the present study, are presented below.

In 1932, Loeb (6) found that there was a fall in plasma sodium
in Aﬁdisonian crisis, and that the administration of sodium chloride would
render the patient symptom-free (7). The fall in plasma sodium following
adrenalectomy in the dog was related to the abnormally large quantity of
sodium in the urine (8). This urinary loss of sodium was attributed, by
Harrison and Darrow (9), to a disturbence in the tubular reabsorption of
this ion from the glomerular filtrate.

Anderson and co-workers noted that adrenalectomized rats, unsup-
ported by salt treatment, had increased total sodium excretion, and an
increased rate of excretion of administered sodium-24, as compared with
normal animals (10,11,12). They found the reverse to be true for potassium.

The simple access to a 1% solution of table salt resulted in marked differ-
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ences in the handling of sodium and potassium by these animals. It was
found that adrenalectomized rats, which had been drinking saline for five
to eight days, had a 48-hour urinary sodium output, and rate of sodium-2j
excretion, which was almost identical with that noted in normal animals
without added salt in their drinking fluid. Since the salt intake of the
adrenalectomized animals was higher than it was in the normal animals, and
since the urinary output was almost identical in both groups, it would
appear that the saline-treated adrenalectomized animals in these studies
were storing sodium.

The dynamic aspects of sodium metabolism in adrenal insuffi-
ciency in dogs have been studied by Stern and co-workers (13) who reported
that more sodium is lost from the extracellular compartment than is
accounted for by the negative external balance. This finding supports
the suggestion put forward in 1937 by Swingle and his associates (14),
that adrenal hormone deficiency results in the storage of sodium within
the cells, as well as in renal loss. Early research on the distribution
of tissue electrolytes in adrenal insufficiency had revealed an increase in
potassium and a decrease in sodium concentration of skeletal muscle and
red blood cells (15). Stern and co-workers (13) have re-examined the ques-
tion of tissue electrolyte distribution following adrenalectomy, in an
effort to find the missing sodium. Examination of the liver, spleen, heart,
muscle, brain, gut and skin failed to show any indication of its presence
in these tissues. Since Harrison, Darrow and Yannet (16) had suggested
that one quarter of the total body sodium existed in bone and cartilage,

Stern and his associates investigated the sodium concentration in this




tissue as well but found, if anything, a slight decrease in its concen-
tration. However, only the mid-femur was studied, and it was shown that
adjacent portions of femur vary considerably in sodium concentration.

These investigators also studied the sodium turnover in adrensalectomized
animals, using radioactive sodium. Only five adrenalectomized dogs were
studied, and the results were not statistically significant. However,

the trend was to a more rapid turnover rate in animsals in insufficiéncy.
This confirms the aforementioned work with rats of Anderson and co-workers.
Studies on bone sodium indicated that only one-third of the bone sodium

of normal animals was exchangeable, and that equilibrium was reached within
three hours. In adrenal insufficiency, the rate of turnover was so low
that equilibrium was not reached during the time interval studied, i.e.

six hours. Therefore, the proportion of bone sodium which turns over in

adrenal insufficiency is not known.

Effect of Various Hormones on Sodium Metabolism

Desoxycorticosterone (DOC

In 1937, Steiger and Reichstein (17) completed a partial
synthesis of desoxycorticosterone, and showed it to have adrenal cortical
activity. A year later, Reichstein and von Euw (18) isolated it in small
quantity from an adrenal extract.

This hormone has been shown to correct the disturbances of
body sodium and potassium in human and experimental adrenal insufficiency.
When given in large doses, it has been reported to cause hypertension in

Addisonians, particularly when the salt intake was high (19). Other
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clinical symptoms of overtreatment were edema (19) and cardiac insuffic-
iency (20). In animals, treatment with large doses over a long period of
time, has resulted in a syndrome of polydipsia and polyuria (21).

The sodium retaining effect of DOC is not confined to the
kidney. Administration of this substance results in a fall in sweat (22,23),
salivary (24), and stool sodium (25).

There is evidence to indicate that DOC has some influence on
the permeability of certain membranes. Seifter et al (26) have reported
that DOC increases the enhancing effect of hyaluronidase on osmosis
through the bladder membrane, and this has been confirmed, for the skin,
by Opsahl (27). Overman and his associates (28) have found an increase in
the thiocyanate space in adrenalectomized dogs on desoxycorticosterone-
acetate (DCA) therapy, without significant change in the chloride space.
They conclude from this that there is a cellular permeability change to
the thiocyanate ion on DCA treatment. The same investigators have studied
the transport of sodium-24 in adrenalectomized dogs on DCA therapy. Their
results suggest that there is an increase in capillary permeability under
thege circumstances.

For many years, numerous investigators were unable to confirm
the presence of DOC in adrenal extract, as demonstrated by Reichstein and
von Euw (18). More recent studies, with paper chromatographic separation
of steroids, have indicated that this material may be present in the
adrenal gland. Hechter, Pincus-and associates (29,30) have reported the
presence of small quantities of DOC in beef adrenal perfusate. Zaffaroni

and Burton (31) have identified DOC in a commercial extract of beef
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adrenal gland, using chromatographic separations and spectrophotometric
analysis. Burton has also reported the presence of a substance very
similar to DOC, by these methods, in a large pool of normal urine treated
with B-glucoronidase (32,p.506), although he had previously been unable
to detect it in non-enzyme treated normal urine (33).
"Sodium Factor!" of Hartman

‘In 1940, Hartman and Spoor (34) separated a fraction of
adrenal cortical extract which had a specific effect on the retention of
sodium. The chemical nature of this substance is still undetermined.
It appears to be attached to a protein(35) and has quite different
chemical and pharmacological properties from those of DOC (36). The
substance isolated by these investigators is more potent than DOC and does
not affect potassium metabolism. It is very soluble in dilute alkali,
and is in this respect very different from the other active adrenal cortical
hormones.
The “Amorphous Fraction"

The term "amorphous fraction" is used to describe that part
of the adrenal lipids which is left after the separation of all the crystall-
izable substances. Wells and Kendall (37) reported that this substance
maintained optimum levels’of sodium, chloride and potassium, and that
abnormal plasma values could not be produced at any dosage level. These
properties indicate that the active substance in the "amorphous fraction"

is neither DOC nor the "sodium factor" of Hartman.

Grundy et al (39)'have_recent1y reported the separation of a

highly active mineralocorticoid, from beef adrenal extract, which was
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responsible for most of the mineral activity of the preparation. This
substance was resolvable from cortisone by paper chromatography only in

long runs.

From studies of the reaction with diphenyltetrazolium chloride,
and assays of its biological activity, it appears that this substance is
twenty times more active than DOC.

The 11-Oxysteroids
Studies in normal (38,40) and adrenalectomized dogs (28,41)

have shown that the ll-oxysteroids had a mild sodium-retaining effect,
eand that 11, l7-oxysteroids had a "sodium-excreting!" effect. This 'sodium-
excreting” effect was only temporary in normel animals (28,42).

Overman and his associates (28,49) have found that cortisone
causes a negative balance of sodium, potassium and chloride and an
increase in plaama potassium in normal and adrenalectomized dogs, which
is opposite in effect to desoxycorticosterone-acetate (DCA). Cortisone
and DCA also had opposite effects on the sodium turnover rates, partic-
ularly across capillary membranes (49). These findings were more clear-
cut in the adrenalectomized animals.

In man, the recent use of cortisone for the treatment of
rheumatic and other conditions has resulted in fluctuations in weight and
diuresis. Some of the patients developed demonstrable edema, which
frequently disappeared without the use of low salt diets or diuretics (43).
These findings are difficult to interpret, because the dosages employed
were very high, and the effect of cortisone might have been influenced by

the patients' adrenal glands.
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Fourman and Albright (44) found that 17-Hydroxy-corticosterone
(Compaund F) had a sodium-retaining effect in a normal man, which was
similar to that produced on the first day of ACTH therapy. The authors
interpret this as rendering unnecessary the postulate of a DOC-like
substance, secreted in response to ACTH. They did not, however, rule out
the possibility that ACTH might have been released as a result of their
treatment.

In spite of the fact that the presence of cortisone. and
17-Hydroxy-corticosterone has been confirmed in the adrenal gland (31,45),
in the blood (46,47), and in urine (33), the variability of their effects
on sodium has led Kendall to believe that these compounds cannot be
responsible for the electrolyte effect of the adrenal cortex (48).

| Conn has reported (27, p.193) that corticosterone (Compound B)
had a marked sodium-retaining activity, relative to cortisone, both in
normal individuals and in patients with Addison's disease. The effects
obtained with this substance were similar to those noted with ACTH. This
investigator believes that, although Compound B has a lesser effect on
electrolyte metabolism than DOC, and a lesser effect on carbohydrate
metabolism than cortisone, it has a sufficient effect on both aspects of
metabolism to make it a strong contender for the role of "the adrenal
cortical hormone". It is present in adrenal cortical tissue in large
quantity (31,45).

The Sex Hormones

Thorn and Engel (50) noted mild sodium retention in animals

treated with estrone, estradiol, progesterone and testosterone-proprionate.
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This has been confirmed more recently by means of a more sensitive assay
procedure (51). Aithough progesterone and estrone have been deteeted
in small quantity in adrenal tissue, their activity is not high enough
to account for the electrolyte effect of the adrenal cortex.

17-Hydroxy-ll-desoxycorticogterone §Reichstein's Compound S)

Clinton and Thorn (52) have found that Reichstein's Compound S

caused sodium retention in normal dogs, but that this effect was not as
marked as that of DOC. This substance was highly active in increasing
the blood pressure (53,54) and the rate of water turnover (53), in animals.

The effect of Compound S in man has not been thoroughly
investigated. Fagans, Louis and Conn (55) have recently studied the
activity of this material in two normal men, but were unable to demonstrate
any metabolic changes after its administration.

Although Reichstein has isolated Compound S from adrenal
tissue, many investigators have been unable to confirm its presencelin the
adrenal gland. Hechter and his associates. (29) have not detected this
substance in adrenal gland perfusate, and found that it was converted te
17-Hydroxy-corticosterone if it was added to the perfusion fluid. However,
a minimum of 1 gram of Compound S has been isolated by Haines (29, p.241)
from 5,000 lbs. of hog adrenal tissue which had been "quick-frozen"
immediately after killing. He has suggested that this freezing procedure
may prevent the .conversion of Gom@ound S to 17-Hydroxy-corticosterone
before extraction. |

Thyroxin
Thyroxin has been reported to be diuretic (62), although it



may, at the same time, produce a reduction of chloride excretion (63).
At other times, such as in myxedema, this substance may increase salt
excretion (60, p.30).

Epinephrine

Adrenal medullary extract may produce a marked diuresis
associated with increased salt excretion (64), or, on the other hand, it
may reduce urine volume (65,66). These contradictory results would be
more understandable if it were proven that epinephrine causes the release
of ACTH, as postulated by McDermott, Fry, Brobeck and Long (67).

Insulin

In diabetes mellitus, there is a severe loss of electrolyte
and water. This is probably due to the glycosuria and acidosis of the
diabetes. The diabetic enimal has, in fact, a polyuria and polydipsia.
This increased water exchange and the process of inactivation of ketone
bodies increases the amount of salt leaving the body.

Relation of the Anterior and Posterior Pituitary and Adrenal Cortex.

The work of Gaunt, Birnie and collaborators has in the past few
years focussed attentlon on the role of the posterior pituitary gland in
conditions of disturbed salt and water balance (56,57,58,59,60). They
found that the activity of the anterior and posterior pituitary and the
adrenal cortex were inter-related in salt and water metabolism. Their

findings may be sunmarized as follows: a) an intact anterior pituitary is
necessary for the induction of diabetes insipidus, by the destruction of

the posterior pituitary; b) the bosterior pituitary promotes water retention

and salt excretion; ¢) adrenal cortical hormones have opposite effects on
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salt and water. They are essential for normal inactivation of anti-
diuretic hormone (ADH) in hepatic and, perhaps, other tissues.

Clinically,leoyd and Lobotsky (61) have shown that there is
a relation between the antidiuretic activity of the blood and the urinary
corticoids, in a wide variety of conditions. Generally, they found that
a diuresis was associated with a high ratio of corticoid to antidiuretic
substance, and vice versa.

A number of electrolyte and water disturbances which have been
associated with increased adrenal cortical activity, have also been
attributed to the posterior pituitery. This appears paradoxical in view
of the postulated opposite effects of these glands on salt and water
metabolism. However, Gaunt and Birnie have pointed out that DOC over-

. dosage may produce either polyuria or edema (60, p.24). Thus, the diuretic
effect of DOC may, under certain circumstances, be masked by its sodium-

retaining effect.

Various Conditions in Which Disturbances in "Salt-Retaining" Hormone Have
Been Postulated.

Addison's Disease

Addison's disease has for many years been assoclated with
adrenal insufficiency. Biochemical changes which occur in this conditibn
include marked depletion of salt, with accompanying loss of body water (6,7).
Disturbances in glomerular filtration rate and renal plasma flow, as well
as in tubular function,have been noted (68).

Urinary corticoid levels are generally below normal. in this

condition. Lloyd (69, p.474) has recently noted a relation between the
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urinary corticoids and the level of serum antidiuretic substances (ADS)

in Addison's disease. Generally, ﬁntreated patients had reduced urine
volumes and urinary corticoid levels, associated with increased serum ADS.
During replacement therapy with DOC, urinary volumes and corticoid levels
increased, and serum ADS levels decreased. The origin and nature of

the serum ADS detected in this study, and its importance in the pathogenesis
of Addison's disease is not known.

Cushing's drome

Cushing's syndrome is generally associated with a disturbance
in protein and carbohydrate metabolism (70), but & number of reports
indicate that there may be a disturbance of electrolytes as well (71,72).
The patients presenting these symptoms generally have a severe alkalosis
associated with a reduced concentration of chloride and potassium.

Comn (22) has found a lowered sweat-sodium concentration in
a patient with Cushing's syndrome associated with adrenal cortical carci-
noma. -

Congestive Heart Failure

A number of factors have been brought forward to explain the
accumilation of edema fluid in chronic congestive heart failure. Some
explanations of this phénomenon are based on hemodynamic changes due to
the cardiac disturbance itself, while others include disturbances in
endoerine activity.

a) "Forward" or "Backward" Failure. A widely held view of

the sequence of events in congestive heart failure is a modified theory of

"forward failure". According to this theory, congestive failure develops
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in the following manner: reduced cardiac output, reduced glomerular
filtration rate, retention of salt and water, increased blood volume,
venous congestion, edema. There is a considerable body of evidence in
support of this theory.

Warren and Stead (74) observed that in some cardiac patients
the body weight and plasma volume increased after the administration of
salt, before any significant rise in venous pressure was detected. Addit-
ional supporting evidence for this view is found in the work of Merrill (75)
who noted a diminished renal blood flow and glomerular filtration rate in
all of the patients whom he investigated.

Studies of spontaneous nocturnal diuresis in uncompensated
congestive failure, by Brod and Fejfar (78), indicated that the diuresis
was always secondary to increases in renal plasma flow. They believe
that the changes noted were due to a redistribution of blood flow; rather
than changes in cardiac output. Davies (81) has found that there was a
reduction of glomerular filtration rate and renal plasma flow in almost
all patients, regardless of whether they had "low" or "high" output failure.

In a review of his findings, as well as those of others,

Leiter (76) has concluded that the initial determining factor in the
retention of salt and water is the reduction in glomerular filtration. As
a result very little salt is presented for reabsorption by the distal
tubules. The renal tubules behave normally, and respond in the usual
manner to increases or decreases in the amount of filtrate and its content

of salte.

The mechanism of the renal ischemia of the “forward failure"
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concept is not known. Merrill and his associates have suggested that
renin may play a role in this phenomenon (85). They found significant
guantities of renin in renal venous blood in eight of eleven patients.
Mokotoff and Shorr (73, p. 628) have found large amounts of "vaso excitor
material” (VEM) in venous blood in ten of twelve patients in congestive
failure. Increases in VEM were accompanied by increases in vaso depressor
material (VDM). This substance is antidiuretic, acting, it is believed,
via the posterior pituitary gland.

In the "backward failure" concept, the ventricle fails to
punp adequately. The blood returning to it accumlates proximally in
the atrium and veins, and venous pressure increases. The increase in
hydrostatic pressure results in a greater loss of fluid and electrolytes
into the tissue spaces, resulting in the formation of edema.

Strong evidence against the "backward failure" concept has
been presented by the Bradleys (77), who found that it takes a pressure of
14-22 mnHg. in the renal vein (three times the normal level) to reduce the
renal plasma flow 25%. In spite of this great pressure, none of the
reductions approached the values of from 50% to 80% noted in almost all
patients with congestive failure. élthough the "backward failure" theory
was once widely accepted, studies of this kind, as well as the fact that
many patients with venous hypertension have little edema, have resulted in
reducing the number of its supporters.

Some recent publications of H.L. White and associates (82,83)
have questioned the role of the diminished glomerular filtration rate in

the production of edema in congestive heart failure. These investigators
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reported that hypophysectomized dogs, with chronically low glomerﬁlar
filtration rates, remain in salt balance when untreated, or when supported
with sufficient DOC to replace any possible deficit. Raising the
filtration rate in these animals to normal or above normal, or of normal
dogs to supra normal levels, by growth hormone administration, caused

no increase in sodium excretion. They concluded that sodium imbalance
cannot be produced by changes in glomerular filtration rate so long as
tubular reabsorption is normal. Thus, although they admit that glomer-
ular filtration rate and sodium excretion are reduced in congestive heart
failure, they do not think that the reduced filtration rate is actually
responsible for the sodium retention. A recent paper in support of these
conclusions has been published by Heller (84) who found that patients
recovering from congestive failure may become edema-free without showing
a significant increase in glomerular filtration rate.

b) Endocrine Disturbances Fuchter and Schroeder (86),

Warren and Stead (74), Davies (81)’and many others have suggested that
changes in endocrine activity may play a role in the retention of sodium
in congestive failure.

Although many investigators have suggested that increased
adrenal cortical activity may be a factor in this condition, very few
publications have appeared giving concrete evidence of such activity. One
report, published by Deming and Luetscher (51), on the urinary sodium-
retaining substances in this condition, is available. These investigators,
using an assay based on the total urinary sodium excretion of adrenalecto-

mized animals, were able to show that five of six patients with uncompensated
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congestive failure had significant quantities of sodium-retaining materials
in their urine extracts.

Reduced levels of salivary sodium and sweat sodium (87) have
‘been interpreted as indication of increased circulating salt-retaining
corticoids (24,22,87). White et al (88) have found that salivary sodium
levels were low in 27 patients with congestive failure. Reynolds (89),
however, was unable to find the reduction in sweat sodium which might be
expected in this condition.

Studies on the shifts of electrolytes and water during
recovery from congestive heart failure, by Iseri and his associates (90),
suggest that there is a cellulgr uptake of sodium during this period.
Although this would not be expected if a regression from hyperactivity of
the adrenal to normal were occurring, the authors believed that further
studies of the adrenal gland in congestive failure and during recovery
were indicated.

Parrish (91) has studied the urine of 10 patients in congestive
heart failure, by biological assays. He found that four of ten patients
had increased urinary adrenal cortical activity when measured by the
"survival time" assay which measures, primarily, "salt-active" hormones (92).
Increased "glucocorticoid" excretion was noted in all ten patients by
the liver glycogen assay.

The urinary corticoid exeretion in patients with congestive
heart failure has recently been studied by Lasche and co-workers (93).

In the majority of 23 patients with congestive cardiac failure they noted

low urinary levels of formaldehydogenic steroids. and 17-ketosteroids which
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were raised by the administration of mercurial diuretics. ACTH, without
mercurial diuretics, did not cause an increase in the urinary corticoids,
although a fall in eosinophils did occur. The patients had "hypoglycemic.
unresponsiveness” following & test dose of insulin, and the fall in
eosinophils caused by this treatment was below normal. These findings
suggest that although the depressed corticoid excretion in congestive
heart failure may be due, in part, to renal retention, there does appear
to be a reduced ability of the adrenals to secrete 'glucocorticoids" in
response to stress. These findings are in disagreement with the afore-
mentioned results of Parrish. Recent unconfirmed results of Bornstein and
Trewhella (94) seem to indicate that circulating ACTH is elevated in

severe congestive heart failure. This might serve to support the work of
Lasche et al, since an excess of ACTH would be released to counteract an
unresponsive adrenal.

Studies of the diurnal variatiohs of water and electrolyte
excretion have been made by Goldman (79), who found a decrease in water
and electrolyte excretion during the night in normal individuals. This
cycle was reversed in patients with congestive heart failure, and was not
always related to increases in creatinine excretion. Similar findings
were noted in patients with cirrhosis and ascites. The author has sugges-
ted that this phenomenon may be due to changes in a humoral agent produced
by the liver when the patient is lying down. Lowered adrenal cortical
function during sleep, as reported by Pincus et al (80), may have some
bearing on the abovementioned reversed diurnal variations in water and

electrolyte excretion.
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Another endocrine gland which may play a role in the formation
of edema in this condition is the posterior pituitary. An antidiuretic
substance has been detected in the urine of patients with congestive heart
failure, by means of the intravenous administration test in dogs (95).
Dochios and Deifus (96) have detected an antidiuretic substance in the
urine of twelve patients in congestive failure, using the rat test, and
have correlated values with the degree of clinical edema.

Nephrosis

The cause of edema in lipoid nephrosis is still open to
discussion. One of the most widely held views is that a decrease in plasma
albumin, consequent to proteinuria, allows water and other solutes to
move in to the interstitial spaces, leading to a reduction in blood volume.
This, in turn, is believed to result in decreases in renal blood flow and
glomerular filtration rate.

Eder and his group (97,98) showed that reductions in plasma
volume were associated with the accumulation of edema. This was generally
accompanied by reductions in renal plasma flow and glomerular filtration
rate, and in the excretion of salt and water. _ If human serum albumin
caused a diuresis, it also resulted in an increase in both of these renal
functions. Onset of diuresis was generally noted in conjunction with an
increased plasma volume, as well as glomerular filtration rate, by Barnett
et al (99) who believe that these changes are always associated with the
mechanism of diuresis, regardless of the method used for inducing it.
Luetscher and his co-workers (100) found an increase in the renal clearance

of "creatinine" as well as an increase in plasma sodium concentration,
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accompanying the elimination of edema. This increase in plasma sodium
with loss of edema has also been noted by Orloff and his associates (101).

Other findings on the subject of glomerular filtration rate
and plasma volwne have not always been in agreement with those noted above.
Orloff et al (101) have eliminated edema fluid, with serum albumin,
without causing a consistent variation in the glomerular filtration rate.
The subject is further complicated by the finding that glomerular filtra-
tion rate and tubular functions may actually be above normal in some
edematous nephrotics (103,104,105). These findings led Orloff and his
associates (101) to conclude that a further increase in the filtration
rate could not be expected to result in an increase in the excretion of
salt, in these patients. The possibility that the plasma volume may be
reduced in nephrosis has been studied by Galan (102), who actually found
it to be either normal or increased. »

A specific tubular disturbance, with respect to sodium, has
been suggested by numerous observers of nephrosis (106,107,108,109,110,101).
Although there is no method, at present, for the evaluation of renai
function regarding sodium in man, Burnett and his associates (109) have
attempted to evaluate this aspect of renal activity in nephrotics by acute
sodium loading. They noted that patients with normal, or only moderately
reduced filtration rates responded with poor sodium excretion, and
concluded that the tubules were acting abnormally.

.A number of features of this syndrome, such as apparent specific
retention of sodium, beneficial effects of ACTH and cortisone, and sponta-

neous remissions associated with infections, have pointed to the possibility
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- of disturbed adrenal cortical function as a factor in the etiology of
this conditione.

Studies of tissue changes in the nephrotic syndrome in six
children at post mortem have been made by Fox and Slobody (110). They
found losses of one gquarter to two thirds of the potassium per unit dry
weight in skeletal muscle. The cells had gained large amounts of water
and sodium chloride in concentrations approximating extracellular fluid.
These values compared with those obtained with DOC therapy.

Luetscher and Deming (51,106,100) detected elevated quantities
of sodium~-retaining activity in lipid extracts of nephrotic urine. They
noted a fall in the level of these substances when a diuresis was produced
with cortisone, ACTH or serum albumin, and suggested that the sodium-
retaining substance may be of adrenal cortical origin.

It has been shown that a remission may be initiated by infect-
ions such as measles (111) and malaria (112,113). This finding, plus the
fact that ACTH or cortisone will also.cause remissions, hag led Byrne (112)
to suggest that nephrosis is one of Selye's "diseases of adaptation'.

Luetscher et al (106) had noted that the diuresis obtained with
cortisone usually occurred when treatment was terminated, and suggested
that improvement occurred during the period of reduced adrenal cortical
function following the abrupt ecessation of therapy. This suggestion is
not supported by the findings of the same group (100), and those of others,
that a diuresis often begins while the patient is still on ACTH therapy.

There is considerable evidence for the view that glomerulo-

nephritis may be the result of an antigen-antibody reaction (114). Lange
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et al (116) have shown that antibodies to human kidney were present in

a high percentage of cases during the different stages of glomerulonephritis,
and that this antigen-antibody reaction was complement-binding. They

found that the serum complement levels were reduced in acute glomerulo-
nephritis and the nephrotic syndrome, and that they returned to normal

after subsidence of symptoms of acute glomerulonephritis or after

diuresis in the nephrotics, in spite of persistence of some degree of
proteinuria, hypoproteinemia and hypercholesterolemia (115).

Another endocrine gland which may play a role in the develop-
ment of this syndrome is the posterior pituitary. Antidiuretic activity
has been detected (117) in the dialized and concentrated urine of nephrotic
subjects with edema. On several occasions the material disappeared with
spontaneous diuresis. Shorr and Zweifach (73) have noted greatly
increased VDM, recently found to be identical with ferritin, in the peri-
pheral blood and edema fluid in the nephrotic syndrome of glomerulonephritis.
This substance is antidiuretic, via the posterior pituitery, and may play
some role in the accumulation of fluid in this condition.

Since the nephrotic syndrome is most frequently seen in infants
and children, it may be of interest to examine sodium metabolism in
these subjects. A number of reports have indicated that sodium metabolism
is quite different in children from that in adults. Cooke, Pratt and
Darrow (87) have found the average sodium concentration in sweat in infants
of five to sixbeen months below the normal adult level. Bongiovanni (118)
noted that salivary sodium was below the normal adult level in children of

one to eight years. Therefore, if the assumption that reduced sweat and
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salivary sodium concentration reflects increased circulating sodium-
retaining hormone is valid, one may conclude that there is an increase
in activity of this particular phase of adrenal cortical function in
infancy and childhood. It is possible, however, that differences in
urinary electrolyte metabolism in infants may be due to renal immaturity,
as suggested by lower urea and inulin clearances in this condition (119).
The reduction in sweat and salivary sodium may be a concommitant of
growth, as indicated by the work of Whitney, Bennett and Li (120) who
found that growth hormone caused retention of both sodium and potassium
in normal female rats. They suggested that the retention of sodium is
associated with an expansion of the extracellular fluid volume.

Cirrhosis of the Liver

The accumulation of fluid which often accompanies cirrhosis
of the liver has been attributed to many causes, such as hypertension of
the venous portal system, decreased plasma albumin, increased tubular
reabsorption of water, decreased glomerular filtration rate, and increased
tubular reabsorption of salt.

There is no doubt that the production and circulating level of
albumin is reduced in this condition (121). However, hypoalbuminemia
does not seem to be the only factor of importance in edema formation, because
the a dministration of salt-poor serum albumin does not correct deficient
salt excretion (122), and a spontaneous diuresis may occur despite continued
hypoalbuminemia (123).

Ralli and her co-workers (124,25) and Dochios and Deifus (96)

have detected an antidiuretic substance (ADS), possibly of posterior pituitary



22.

origin, in the urine of patients with hepatic cirrhosis. Lloyd and
Lobotsky (61) have found increased quantities of serum ADS in three
cirrhotiés who were in positive fluid balance. VDM, or ferritin, which
has a vasodepressor and antidiuretic effect, has been found in a saline
extract of liver prepared from animals with experimental cirrhosis of
the liver (126). Although it has been shown that the liver can inactivate
the antidiuretic principle of posterior pituitary extract (127), White
et al have shown that there is no defect in the mechanism of destruction
of pitressin in cirrhosis (128).

Decreases in glomerular filtration rate have been noted by
some investigators (129,130) but not by others (131,132,133) in this
condition. Leslie et al (129) found that the effective renal plasma flow
and tubular maximum of para amino hippuric acid (T PAH) were decreased
during the fluid accumulating phase. BEpstein (131) noted no disturbances
in glomerular filtration rate and renal plasma flow during the accumlating
phase, and has suggested that there must be an increase in tubular
reabsorption of sodium. Farnsworth and Krakusin (130) found that urinary
electrolytes, other than sodium, exhibited ﬁormal responses to variations
in intake, suggesting a specific increased tubular reabsorptive behaviour
toward sodium. Goodyer et al (133) studied the effect of an infusion of
saline in normeal subjects and cirrhotics, and observed that the cirrhotics
retained the sodium much longer than normal individuals, although they had
‘normal renal plasma flow and glomerular filtration rate. They interpreted
these results as evidence of specific impairment of the mechanism for the

excretion of administered sodium, which was the result of increased tubular
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reabsorption.

Goldman (79) has studied the diurnal variations in water and
electrolyte excretion, in 13 patients with cirrhosis of the liver, with
ascites. In normal individuals, maximum excretion of sodium, potassium
and water occurred during the day. In 11 of the cirrhotics, the sodium
excretion cycles were reversed, and in eight the water excretion cycles
were reversed. This could not be explained on the basis of increased
renal circulation because there was no consistent increase in creatinine
clearances during nocturnal diuresis. He suggested that increased hepatic
circulation in the horizontal position (135) might affect some humoral
agent which acts on renal tubular function.

The importance of the level of intake of sodium in the accum-
lation of edema has been pointed out on many occasions (137,122,130,133).
Eisenmenger has found extremely low serum levels of sodium during maximum
formation of ascites, and that an increase in serum and urinary sedium
indicated decreased production of ascites long before the associated changes
in fluid balance were observed. Reduced sweat and salivary sodium levels
have been noted in this condition (137,138). The level of both sweat and
salivary sodium can be depressed by adrenal cortical hormones of the
"desoxycorticosterone" type (24,139).

In a recent study of adrenal cortical metabolism in this
condition, Bongiovanni and Eisenmenger (138) observed that the urinary
17-ketosteroids were depressed, the chemical corticoids were elevated, the
glycogenic corticoids were normal and, in two of eight cases, the "sodium-

retaining" corticoids were increased. They found that, after long-term



24

sodium restriction, there was a further rise in chemical corticoids,
giving support to the view that the elevated corticoids in cirrhosis are

physiologically related to DOC~like hormones of the adrenal cortex.

Essential Hypertension

Although most observers believe that the cause of "essential
hypertension" is unknown, & number of investigators have suggested that the
kidney is primarily responsible for the condition. Some of the evidence
for this belief is based on the work of Goldblatt (140) and his group, who
have shown in dog and other animals that if the renal artery is partially
constricted, a permanent increase in the blood pressure may be produced.
Trueta (141) has stated that there is increased sympathetic-adrenal-medulla
reactivity, or an exaggeraﬁion of the "adaptation syndrome" as described |
by Selye in those individuals predisposed to hypertension. This causes
frequent transient vasoconstriction of the arterioles of the renal cortex
with subsequent release of pressor substances.

Vaso-excitor material (VEM), descfibed by Shorr and Zweifach (142),
has been found in the blood of patients with "eésential hypertension". It
has been shown that this substance is released by the kidney in anoxic
conditions. It does not, however, have a direct pressor activity since
its main site of action is the meta-arteriole.

"Pherentasin, a highly active pressor substance, has been
isolated from the blood by Schroeder and Olsen (1h3,1hh) in'patients with
"renal" hypertension, but not in those cases of ®™neurogenic" or "endocrine"
hypertension.

A widely held view of hypertension is that it is of diverse and
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probably multiple causation including such factors as can be classified
as neurogenic, cardiovascular, renal and endocrine (145,146,141,147).
There is considerable evidence that the adrenal cortex is necessary for
the development of hypertension in animals (148), but its importance in
hypertensive disease in man has been questioned (147). Selye has suggest-
ed that “essential hypertension" may be a "disease of adaptation" in which
there is a relative overabundance of "mineralocorticoids" (149). This
suggestion is supported by the finding that some patients tend to retain
administered sodium somewhat unduly (150). Locke and his associates (139)
| have noted reduced sweat chloridé levels in two of four patients, but this
was not confirmed by Eisenberg and his associates (b1), who studied 35
patients.

No studies on the urinary excretion of "sodium-retaining!”
corticoids in this condition are available, although two reports of the
"formaldehydogenic" urinary corticoids have been published. Tobian (152)
found that the urinary corticoids in eight of nine patients were in the
normal range. However, Corcoran, Page and Dustan (153) noted that hyper-
corticoiduria was a common finding in patients with "essential" and
"malignant" hypertemsion. Hetzel and his associates (154) have investi-
gated the glucocorticoid (bio-assay) and 17-ketosteroid excretion in a
group of 180 patients with "essential hypertension", and have found that
the values were in the normsal range.

Corcoran et al {204) have suggestéd that both the kidney and
the adrenal are involved in experimental hypertension. This concept is

based on the finding that renal hypertensive rats, or rats treated with
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renin show hypertrophy of the zona glomerulosa of the adrenal cortex
which is considered, by some, to be the site of origin of DOC-like
corticosteroids (155). Thus these observers suggest that renal hyper-
tension proceeds in two phases, the first is associated with increased
liberation of renin, which is matriuretic (156,157), and the second with
an increased liberation of DOC-like adrenal hormone, which is sodium-
retaining.

Rheumatic Diseases

Disturbances in adrenal cortical function have been postulated
as an etiological factor in rheumatic diseases by Selye (158,159,149),
who was able to produce lesions siﬁilar to those found in rheumatoid
arthritis and rheumatic fever in sensitized animals by the administration
of DCA or lyophilized anterior pituitary (1AP). This suggestion has met
with opposition because the lesions produced in these animals were similar
to, but not identical with those found.in man, and because large,
"unphysiological" doses were necessary for their development.

The report that ACTH or cortisone administration may alleviate
the symptoms of rheumatic conditions (160) suggests that there may be a
relative deficiency of "glucocorticoids". Studies on the level of
urinary "formaldehydogenic" and biologically active glucocorticoids in
theumatoid arthritis have indicated that they are, in fact, below normal.

One difficulty in the understanding of rheumatic fever is the
fact that it is a highly variable disease with manifold signs and symptoms,
which occur in numerous combinations and with a Qide range of intensities.

A widely held concept of the mechanism of the disease is that which holds
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that the initial event is a hemolytic streptococcal infection of the

upper respiratory tract. This infection initiates a series of events
involving the action of streptococcal products and the complex host reaction,
leading to the disease which may occur in the absence of demonstrable
streptococcus. ‘

The fact that infection by group A hemolytic streptococci is a-
preliminary to the development of rheumatic fever has been well established.
However, it is not agreed that rheumatic fever is invariably preceded by
infection, since it may be initiated by trauma, cold or fatigue (161,162).
Streptococcal products such as streptokinase and streptococcal hyaluroni-
dase, and auto-antibodies to damaged host tissue have been implicated in
this cohdition, as well as anti-streptocoécal antibodies.

The role of the adrenal cortex in the pathogenesis of this
disease is obscure. The level of urinary "formeldehydogenic" corticoids
is above normal during periods of high fever, and normal after the fever
has subsided (pers. comm. Dr. F. McCall, Childfen's Memorial Hospital).

No studies have appeared on the urinary '"salt-retaining” corticoid excre-
tion in this condition.

Post-Operative State

Weil and Browne (143) have reﬁorted the presence, by the cold
protection test, of increased quantities of urinary cortin following
surgery. This was confirmed by Venning, Hoffman and Browne by means of
the liver glycogen deposition test (164).

Although renal retention of sodium during the post-operative

period had been observed, it had been attributed to circulatory changes
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consequent to the shock of operation. Johnson, Conn and Iob (165) have
recently investigated the electrolyte and nitrogen changes in sweat, in

the post-operative state. They noted, in 14 patients, an average decrease
of 38.1% in sodium concentration and 39% in chloride, with maximum effect
from the fifth to eighth day. There was an avefage increase of 73.3% in
potassium concentration with maximum effect on the second to fourth days,

as well as an increase of 58.1% in nitrogen concentration. The circulating
eosinophils of these patients fell immediately after operation, but return~
ed to normal from the second to fifth post-operative day.

Toxemia of Pregnancy

Eclampsia is a specific disease of pregnancy, of unknown origin.
Although disturbances in renal function have not been observed in normal
pregnancy (166), reductions in glomerular filtration rate have been noted
in pre-eclampsia and eclampsia. According to Smith (73) the data are
inadequate to establish that the changes in renal function are significant.
The deviations in renal function in toxemia of pregnancy generally disappear
after delivery, in those patients who do not develop persistent hypertension.

Most authors have attributed the hypertension, edema and |
albuminuria, charecteristic of pre-eclampsia, to some endocrine disturbance
during late pregnancy. The posterior pituitary gland is believed by many
to play an important part in the edema formation of eclampsia. This view |
is based on the fact that antidiuretic substances have been detected in
the urine and placentae of patients with tozemia of pregnancy (167), that
there was a delaygd excretion of urine in eclamptics (168), and that

posterior pituitary extract caused convulsions in pre-eclampsia (168).
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The finding that DOC intoxication is associated with hypertension,
edema and albuminuria has suggested that there may be an excess of this
type of activity in patients who develop toxemia of pregnancy. Urinary
chemical corticoid excretion is frequently elevated in this condition (152,
169,170), but is not always correlated with increases in blood pressure,
or with other clinical symptoms. Iloyd (69, p.430) has noted that the
"water-insoluble® fraction of the chemical corticoids was particularly
elevated. Since DOC is relatively water-insoluble, this finding is con-
sistent with the suggestion that the increase in urinary corticoids may be
due to DOC-like substances. Chart, Shipley and Gordon (171) have
reported that the "sodium-retaining' activity of urine in patients with
toxemia of pregnancy was considerably above normal in seven patients.

. They did not note a parallel increase in the ll-oxysteroids (water-soluble
chemical corticoids). In one patient, the increase in sodium-retaining
activity preceded the appearance of clinical symptoms. The activity of
the urine of these patients returned to normal levels following delivery.‘

In a recent review on the toxemias of pregnancy, Ordman (172)
haes suggested that this condition is a "disease of adaptation". He noted
that during an intense cold winter spell several cases of toxemia were
admitted to hospital in quick succession. He suggested that a non-specific
insult caused the increase in the secretion of adrenal cortical hormones

of the salt-active type. The author explained the small adrenals observed
by the Smiths (173) as being in the "stage of exhaustion" of Selye's

"adaptation syndrome".

Evidence of disturbances in tissue electrolytes have recently been
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reported by Parviainen and his group (174,175), who studied a case of
pre-eclampsia in which sudden death ensued as a result of severe cerebral
hemorrhage. They noted that the spdium:potassium ratio was generally
higher in this case of pre-eclampsia than in a control case, especially in
the brain and striated muscle tissue. They noted also that the sodium
content was usually higher, and the potassium cnntent usually lower than
normal in the plasma of 18 cases of toxemia of pregnancy. The greatest
changes were in the most severe toxics or in patients who had just been
admitted to the hospital.

Garrett (176) noted four types of non-specific responses to
stress in association with eclamptic toxemia. These are fibrinolysin in
blood, hemorrhagic diathesis, gastro-intestinal ulceration, and pituitary-
adrenal hyperactivity. He suggested that the source of alarm in this
condition may be psychological or mechanical.

Masson, Corcoran and Page (177,178) have reported on the exper-
imental production of a syndrome resembling toxemia of pregnancy in estab-
lished DCA-hypertensive rats, by the injection of a renin-containing renal
extract. They concluded from their experiments that the coﬁcurrence of
prolonged sodium retention and of briefly sustained renin injections resulted
in a syndrome which had some of the aspects of toxemia of pregnancy.

Carbohydrate and nitrogen metabolism in toxemia of pregnancy has
been studied by Mukherjee, Govan et al (179,180). Patients with typical
toxemia of pregnancy were found to have a reduced sensitivity to insulin,
suggesting hyperactivity of the anterior pituitary gland. The authors did

not feel that their evidence permitted them to state which pituitary hormone
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was responsible, since ACTH, growth hormone and "glycostatic" hormone may
ﬁave anti-insulin effects. They found that there was a negative nitrogen
balance in this condition, and that even if the albuminuria were not present
the positive nitrogen balance would not be as great as in normal pregnancy.
These results indicate that there may be an increase in adrenocorticotrophic
hormone, while still allowing for an'increase'in growth hormone.

The frequent finding of low urinary estrogens and progesterone,
and of elevated chorionic gonadotrophins in these patients has led the
Smiths (173) to suggest that premature senility of the placental syncytium,
and premature withdrawal of placental steroid hormones was the final inter-
mediary pathology in this condition. They suggested that the primary
disturbance involved metabolic abnormalities affecting the placenta, or a
decrease in blood supply to the placenta, or both. This syncytial steroid
aberration was assumed to be contributory to, but not the sole precipitating
cause of the toxemia syndrome. The authors suggested“that a toxin may
be released by the placenta which may be the final cause of toxemia of
pregnancy.

A substance hes been extracted from the villi of the placentae,
which caused the development of symptoms of toxemia of pregnency in pregnant
animals, but which hardly affected meles and non-pregnant females (181).
This substance, extracted by methods used for the separation of polysaccharides
from bacteria, is water soluble and alcohol insoluble. The mechanism of
the reactive phenomenon caused by this substance was not regarded as allergy,
by the author, but rather as "pathergy", as defined by Roessle.

Large amounts of both VEM and VDM were present in peripheral
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blood during the period of pre-eclamptic hypertension, the one or the
other predominating (142). These factors disappeared on return of the
pressure to normal levels. The importance of VEM in the development of
hypertension, or of VDM in the retention of fluid is not known.

Acrome

Acromegaly, a condition believed to be due to an excess of
growth hormone, has not, generally, been associated with disturbances in
electrolyte metabolism. Recently, however, Selye (182) has produced
nephrosclerosis, periarteritis nodosa and hypertensive disease in animals
with this substance, as he had done previously with DCA or lyophilized
anterior pituitary. He has suggested that growth hormone may sensitize
the tissues to "mineralocorticoid" activity or that it may increase the
production of this substance by the adrenals.

Whitney, Bennett and Ii (120) have studied the effect of
growth hormone on urinary sodium and potassium in normal female rats.
They noted that the administration of this substance produced a retention
of both sodium and potassium, and suggested that the retention of sodium
was due to an expansion of the extracellular fluid volume. This was in
accord with a previous observation of this group that growth hormone
administration to hypophysectomized rats resulted in an increase in the
thiocyanate space bubt no change in muscle or serum sodium concentrations.

White, Heinbeck and Rélf (183) have studied the effect of
several preparations of growth hormone (prepared by the method of Wilhelmi
et al, or modifications thereof) on the renal function of normal and

hypophysectomized dogs. They noted that some of the preparations produced
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greatly increased para amino hippuric acid and inulin clearances. They
believed that the effects were due to growth hormone, and that these
functions are reduced following hypophysectomy through the loss of growth
hormene.

Stack-Dunne and Young (184) have recently reported the presence
of two separable factors from ACTH preparations. One causes adrenal
ascorbic acid depletion while the other stimulates adrenal weight gain.
The above-mentioned investigators, as well as Selye (182), have observed
that growth hormone preparations contained an adrenal weight stimulating

factor similar to that observed in ACTH preparations.

Methods of Evaluating "Salt-Retaining” Corticoids

Thermal Sweat

In April 1949, Conn (22) reported that under standard conditions
of testing the concentration of sodiﬁm and chloride in the sweat of
normal adults was within the range of 15-60 m.equiv./l with a mean value
of 42. Cooke and co-workers (87) have found that the values were mich
lower in infants. DCA and ACTH markedly reduced the sweat sodium and
chloride values. Patients with Addison's disease had concentrations
-considerably above normal, which fell with DOC or lipoadrenal cortex
therapy, and rose once more on cessation of treatment. Conn predicted
that some pathologic conditions not yet linked to the adrenal cortex might
be found to be associated with a preponderant activity of desoxy-like
corticosteroids. In a further study he and his associates (23) found that

after sustained administration of ACTH to normal humans, cessation of such
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treatment resulted in temporary adrenocortical insufficiency, followed
by temporary adrenal cortical hyperactivity, followed by return to normal
function.

Locke, Talbot, Jones and Worcester (139) have noted that certain
non-endocrine factors pla& a major role in the determination of sweat
electrolyte composition. Intensity of thermal stimulus, skin temperature
and rate of sweatihg were all found to bear an important relation to sweat
electrolyte concentration. They found that hormone activity modifies the
sweat electrolyte content, and that this activity is best apppaised by use
of an index which expresses sweat chloride concentration values relative
to rate of sweating. They have shown, as did Conn and his group, that the
chief determinant of the sweat chloride-rate index is an adrenal cortical
hormone which, like DOC, acts chiefly upon electrolyte and water metabolism.
Cortisone induced a slight rise in the index values in these studies, as
opposed to a marked fall produced by DOC or ACTH. Estrogens and androgens
did not produce a consistent effect, which éuggested to these authors that
their influence on sweat electrolytes may have been accomplished indirectly
by stimulating or inhibiting pituitary ACTH production, rather than by
direct action on the sweat glands.

Elevated sweat sodium and chloride values have been noted in
hypoadrenal states (22,139), and reduced values in adrenalcortical carcinoma
(22) and patients with cirrhosis and ascites (137). Conflicting reports
have appeared regarding sweat electrolyte values in essential hypertension
(139,186),-and normal sweat electrolyte concentrations have been noted in

patients with congestive heart failure (89).
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Salivary Sodium

In June 1951, Frawley and Forsham (24,) investigated the factors
which cause variations in the salivary sodium:potassium ratio and noted
that this ratio varied inversely with the state of adrenal cortical activity.
The rgtio was found to be 1.3 in normal subjects, 5.0 in patients with
untreated Addison's disease, and 0.5 in patients with Cushing's syndrome.
Both ACTH and DOC produced a fall in the salivary sodiuh:potassium ratio.
This fall in salivary sodium:pétassium ratio, due to ACTH, hés been
confirmed by Grad (187). Subnormal salivary sodium levels have been ob-
served in patients with cirrhosis with ascites (137).

Methods Based on the Urinary Sodium Excretion in Laboratory Animals
a) Hartman, Thatcher and Lewis A method for the assay of

"salt-retaining" hormones in biological fluids was developed by Hartman
and his associates (188) in 1941. It was based on the use of normal dogs
on constant diet, and measured the effect of an unknown substance on the
urinary excretion of sodium over a six-hour period as compared with that
produced by DOC in the same dog. Under these conditions they were able
to detect 700 micrograms (Y) of DOC. The method cannot be used to detect
the minute quantities of active material present in small volumes of
blood or urine.

b) Dorfman, Potts and Feil The first step in the development

of a more sensitive assay occurred in December 1947 when Dorfman and his
group (189) reported on a method which detected as little as 1Y of DOC.
This assay was based on measurement of the urinary excretion of a dose of

injected sodium-24 by adrenalectomized rats, in a six-hour period. The
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sodium-2, excretion of the DOC-treated animals was compared with that of
non DCA-treated control animals. Although the dosage-response relations
of this assay were not consistent, the results suggested that the method
had a much more desirable range of sensitivity than that of Hartman et al.
The publication of this assay procedure stimulated new interest in the
measurement of adrenal cortical hormones with sodium-retaining activity.

c) Deming and Luetscher Several modifications of the method of
Dorfman et al have been published during the course of the present investig-
ation. The first of these was presented by Deming and Luetscher (51) in
February 1950. These workers used adrenalectomized rats under standard
conditions, and determined total urinery sodium in:a five-hour period, using
a flame photometer for the determination of sodiwm. The first day of
testing was used as a control for subsequent days on which test materials
were studied. In a more recent study (106), three sub-groups were rotated
from day to day. A sub-group that received the test substance on one
day received a standard dose of 5Y of DOC on the second day and served as
a control on the third day. The values for the three days were pooled
for the final results. Still more recently, they noted that alcohol, the
injection vehicle for the test substances, had some sodium-retaining
activity (100), indicating the hecessity for its use in control animals.
The results obtained with this method were similar to those obtained by
Dorfmen's group, in spite of the fact that total scdium, not radioactive
sodium, was measured. They detected & sodium-retaining effect with 2Y
of DCA, and a maximum effect with 25Y. Dosage-response curves have not

been published. To obtain the same sodium~-retaining effect, estradiol,



progesterone and testosterone were required in dosages 25 to 50 times
greater than that of DCA.

Deming and Luetscher were the first to report the presence of .
sodium-retaining substances in human urine. They used crude chloroform
extracts of urine, which had been acidified to pH l.5 immediately before |
extraction, and injected the extract equivalent of 20 minutes of urine-
into each test animal. Although they could detect no sodium-retaining
activity in such small quantities of normal human urine, they did note
quite marked activity in the urine of patients with congestive heart
failure and nephrosis. A jO-minute urine-extract did not always result
in a greater effect. 1In fact, a larger time-dose was sometimes associated
with a smaller response. The significance of this behaviour was not
clear, but it suggested the presence of interfering substances in the urine-
extracts. Significant sodium-retaining activity was noted in 30-minute
urine-extracts in two of eight patients with cirrhosis and ascites (138),
by using a method similar to that of Deming and Luetscher.

d) Spencer The next modification of the assay was published
in July 1950 by Spencer (190), who further increased the sensitivity of the
assay by using adrenalectomized mice. Spencer found a very good dose- |
response relation between one-half and four micrograms of DCA. The tesb
is based on the determination of total urinary sodium measured by the
flame photometer, in the first six hours following the injection of a salt
gsolution. Three groups of animals were used concurrently on three
consecutive days, and were given either the injection vehicle (5% glucose),

a standard dose of DCA, or the unknown substance. By.the end of the test,
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each animal had received the standard dose of DCA, the unknown, and the
solvent vehicle. This method of rotation was later adopted by Luetscher
and Deming (106), as mentioned above.

Spencer studied dog blood from various sources and observed
that adrenal vein blood gave the greatest quantity of sodium-retaining
activity, i.e. the equivalent of 4Y of DCA per ml. of serum. He detected
0.04Y of DCA equivalents in each milliliter of serum in an extract of
carotid artery blood. He could detect no DCA-like activity in human blood
taken from the inferior vena cava by catheter at the level of the 12th
thoracic vertebra.

e) Simpson and Tait The next paper on this subject appeared in

October 1950, Simpson and Tait (191) studied dose-response relations of
DCA on the sodium excretion of adrenalectomized rats, using sodium-24.
Sodium-retaining activity was determined by comparing the sodium-24
excretion/hr. for two hours before injection of the test substance with
the sodium-2L excretion/hr. for four hours after the injection. They
reported good dosage-response relations between one and thirty-two micro-
grams of DCA. They noted diurnal variations in the rates of excretion of
sodium, and that the sodium-retaining period was lengthened with increasing
quantities of DCA. The sodium-retaining period, regardless of its
duration, was inevitably followed by a "sodium-excreting" period, during
which the sodium excretion rose sharply above that of the controls.

More recently, these investigators (192) have altered their
method somewhat. The weight of the animals was reduced from 130=150 grams

to 30-40 grams. The ratio of urinary sodium-2/) and potassium-42 was



39.

used as an index of mineral activity of corticoids. The radioactive
material was injected one hour after the hormone was injected, and the
urine was collected for two hours. They found that the ratio was linearly
dependent on the log of the dose of DCA for a range of 0.8 to 4.0,
Slopes of adrenal cortical extract and other adrenal cortical hormones
were found to be linear and parallel to that of DCA.  Although there was
variation in the actual ratios obtained from test to test, a standard
curve could be constructed for the approximate assay of substances by
expressing the ratios of the compounds tested as the percentage of
concurrent control values. The activities of beef adrenal extract and
DCA were considerably higher than those observed with corticosterone,
17-Hydroxy-corticosterone, ll-dehydro-corticosterone, cortisone and
1'7-hydroxy-ll-desoxycorticosterone.

f) Marcus, Romanoff and Pincus In March 1952, Marcus, Romanoff

and Pincus reported on the electrolyte-excreting activity of adrenal
cortical substances (193). Their method was based on the sodium excretion
of adrenalectomized rats, as determined by the flame photometer. The
animals were given a standard salt load, and the urine was collected for
the first four hours following the injection of the test substance. They
observed that there was a sodium-retaining effect over a range of from

6 to 60Y of. DCA. Cortisone, l7-hydroxy-corticosterone, corticosterone,
1l-dehydro-corticosterone, had a less marked but reverse effect, although
all of these compounds had sodium-retaining activity at the lowest dosage
studied, i.e. 10Y. The effect of dehydro-corticosterocne was as great as

that of DCA, at this dosage level.
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g) Kagawa, Shipley and Meyer A method based oh the urinary
sodium excretion of adrenalectomized rats, as measured by a microchemical
procedure, has recently been developed by Kagawa, Shipley and Meyer (194).
The test material was divided into two parts and injected subcutaneously,
in oil, 24 and 27 hours following adrenalectomy. At the 24th hour the
animals received 2.5 ml. of 0.85% sodium chloride by subcutaneous injection.
Urine was collected between the 28th and 30th post-operative hours. In
order to obtain accurate urine ¢ollections, they ligated the urethra of the
rats for the duration of the collection period. A good dosage-response
relation was observed between 2 and 9Y (total dose) of DCA. They ﬁsed the
average excretion of the oil-injected control animals as 100% excretion,
and differences in sodium excretion in the experimental group were consid-
ered as sodium retained. Using this method of assay, Chart, Shipley and
Gordon (171) have found markédly'elevated sodium-retaining activity in
15-20 minute equivalents of crude lipid urine-extracts of seven patients
with toxemia of pregnancy. The values returned to hormal following delivery,

and regression of symptoms.
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SECTION B - EXPERIMENTAL WORK

——— —

THE_PROBLEM

There is evidence to indicate that ingested sodium is
retained in abnormal amounts in certain pathological conditions. This
has led to the suggestion that the adrenal gland may be secreting an
excess of salt-retaining hormone under these circumstances. The object
of the present investigation was to develop a method for the biological
assay of small quantities of "sodium-retaining" substances, and apply it
to the determination of sodium-retaining activity in human urine.

The procedure adopted for this assay was dependent on the
measﬁrement of the urinary excretion of sodium-24 by adrenalectomized.rats,
based on principles suggested by Dorfman, Potts and Feil (189). .These
investigatprs found that the urinary excretion of sodium~24 during the first
six hours after its subcutaneous injection could be reduced by pretreatment
with as little as 1 microgram of DCA. Since the quantitative aspects of
this method had not been investigated, studies have been carried out to
determine what factors effect the assay. Such variables as weight of
animals, room temperature, timing, solvent vehicles, and method of urine
collection have been modified in an effort to standardize the method and
improve reproducibility.

The method has been applied to the study of crude lipid extracts
of urine from normal individuals and a number of pathological states. The
effect of storage and of alkali washing on the activity of the extracts has

been investigated, and dosage-response curves of several extracts have been
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determined. Two urinary extracts prepared and assayed by Drs. Deming and

Luetscher have also been assayed by the present method.

METHODS

Animels

Hooded male rats on a standard diet of purina fox chow were
used in all experiments. Dorfman et al had used animals ranging in weight
from 118 to 175 grams. As more reproducible results are generally
obtained with animals of similar age and weight, assays were performed to
determine the "optimum weight" for the experimental conditions. 1In the
early experiments, young animals of approximately 100 grams were used in
the hope of increasing sensitivity, but they did not stand the adrenal-
ectomy and post-operative treatment as well as the larger animals. The
most satisfactory weight was found to be from 160 to 170 grams. Standard
curves and urine assays were performed on rats within this weight range.

When the animals were transferred from stock cages to the
smaller experimental cages, they were healthy but slightly dehydrated.

This was due to overcrowding and lack of drinking water throughout the night,
the period of greatest thirst in the rat. The animals gained considerable
weight during their first day of stay in the less crowded experimental

cages. The weight changes of a typical experiment are tabulated below:

Experiment No. of rats Aver. wt. when transferred Aver. weight gain
to experimental cages in 1 day

L5(a) 38 159.1 grams 7.8 grams




This marked weight gain was associated with a large intake of fluid which
was not maintained on subsequent days. Another group of animals studied
at this time gained an average of 3.3 grams during the second day. To
avoid fluctuations in the "state of Hydration" due to adjustment to
laboratory conditions, the animals were transferred to the experimental
cages only one day before the adrenalectomies were performed. Food was
placed on the floor of the cages, as the animals were accustomed to feeding
in this manner.

Seasonal Variation

Experiments were carried out throughout the year, except for
July and part of August when it was impossible to obtain satisfactory
temperatures in the laboratory. Consistent results were obtained through-
out this period except for a few days at the beginning of both May and
December. These irregularities were related to seasonal changes and were
noted on more than one occasion. On these days, the sodium-24 excretion
within each group, including the control animals, covered a much wider
range than usual. In some cases, the animals excreted little urine during
the entire collection period. Assays performed during these periods were
not accepted as valid and were repeated.

Room Temperatﬁre

Optimum temperatures, particularly for the post-operative
period, were found to be between 78° and 80°. It was difficult to maintain
this temperature in the earlier experiments, as an air-conditioned room

was not available. Later, facilities for heating, but not cooling the

animal room became available. Higher temperatures (85°) were generally



associated with increased sodium-24 excretion rates, whereas lower tempera-
tures (78°) were associated with relatively decreased rates. If the
temperature fell to 75° or below, the adrenalectomized mnimals which were
not receiving saline as drinking fluid drank very little water, lost
considerable weight, and excreted small amounts of urine end sodium during
the test period. Many of these animals were cold and iethargic and had
to be discarded. A fall in temperature of this magnitude did not have
such damaging effects on adrenalectomized animals on saline therapy, or

on non-adrenalectomized animals.

Adrenalectomy

Bilateral adrenalectomies were performed under light ether
anaesthesia by a single midline dorsal incision, or by two small lateral
incisions. Anaesthetic ether was used for these operations. A great

number of the adrenalectomies were performed by Miss H. Stone.

Radiocactive Sodium -

The radioactive material used in this study was the isotope
of sodium with atomic mass 24. This substance was obtained from the
atomic pile at Chalk River, first through the National Research Council of
Canada, and later through the Eldorado Mining and Refining Ltd. On two
occasions the material was prepared in the Cyclotron at the Radiation
Laboratory of McGill University, through the courtesy of Prof. J.S. Foster.

The characteristics of sodium-24 are as follows: (184)



Half-life Radiation Energy of Rays Product_of
Disintegration
14.8 hrs. beta ray l.44 MEV Mg-24
gamma ray 1.4 MEV
gamma ray 2.8 MEV

One of the important features of this isotope is its short
half-life. In 24 hours approximately 30% of the original activity is
left, and after four days only 1% of the originel activity remsins (Fig. 1).
One advantage of the short half-life is that any contamination through
spilling will be short-lived. Another is that disposal of the animals
treated with the material involves no difficulties.

Production of Sodium-2L

In the chain reacting pile, the sodium was prepared by the

bombardment of sodium-23 with neutrons by the following reaction: (134)

Na> + nl > Na2h 4+ ¥
11 o 11

The first lot of radiosodium used in these experiments was
prepared from sodium chloride. This method proved to be unsatisfactory,
as a small quantity of the chloride was converted to sulphur-35 during the
irradiation procedure. Although this contamination was slight at the
time of irradiation, the long half-life of sulphur-35 (88 days), compared
with that of sodium-24, caused marked alterations in the decay curve within
a few days (Fig. 1). All other shipments were prepared from sodium
carbonate, which was converted to sodium chloride before use.

In the cyclotron, the material was prepared by the bombardment
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of aluminum with protons by this postulated reaction:-

27 1 21, 1
13A1 + P fﬁNa + 3lpl + .n

A small gquantity of F1-18, with a half-life of 112 minutes,
was formed during the course of the reaction. A period of approximately
15 hours was therefore allowed between preparation and processing, to
allow for almost complete disintegration of this isotope.

Preparation of Sodium-24 for Injection

A number of factors, such as availability of laboratory animals,
the nature of sodium-24, and the plan of the proposed biological assay,
determined the choice of chemical form and frequency of the shipments of
radioactive material;

The sodium was received in 5 millicurie (mec) lots, épproximately
every two weeks. Each shipment contained 154 mg. of sodium carbonate
(2.9 m.eq.) in 45 mls. of water. On’arrival, this material was converted

to sodium chloride by the addition of 1 N Hydrochloric acid.
NapCO3 + 2°HC1 ——» 2 NaCl + Hp0 + COg

The hydrochloric acid was added until neutrality, as indicated
by pH paper, and the carbon dioxide released by this reaction was blown
off with a stream of nitrogen. The final volume of the solution was
adjusted to 48455 mls. by the addition of water, giving a solution which
contained 3.5 mg. of sodium chloride per milliliter.

During the entire procedure, the radioactive material was left

in its original lead container. Each day an aliquot was removed from the
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container so that the investigator was never exposed to more than a few
microcuries at a time.

In order to make the best use of this material, only a small
quantity was used on the first day. This was diluted with a non-radioactive
salt solution of the same concentration. On subsequent days, larger

aliquots were used with appropriate reductions in dilutions, as indicated

below:
Volume of Volume of
Day Active solution Inactive solution Final volume
ml. ml. mi.
1 0.5 35¢5 36
2 1e5 3he5 36
b 10.0 24.0 36
5 36.0 0.0 36

In this way, the work was spread over five days, with experiments
on the first, second, fourth and fifth days. The solutions used each
day contained roughly the same concentrations of radiocactive sodium.

The two lots of sodium prepared at the cyclotron were processed
in a fume cupboard, behind lead bricks two inches thick. A mirror was
used as an aid in following the process. The material was received as
approximately 5 gms. of aluminum. It was brought into solution in four
and a half hours with concentrated boiling hydrochloric acid. On the
second occasion, a platinum crucible, which acted as a catalyst, was used
for this reaction. Approximately one and a half hours of reaction time was

saved by this procedure.

241 + 6HCL —Pt—) 241C15 + 3H, (T)
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The radioactive sodium was converted to sodium chloride in

this reaction, -

A
2Na + 2HCL ~———) 2NaCl + Hp

When the 2luminum was completely converted to aluminum
chloride, the solution was brought to neutrality with concentrated ammonium

hydroxide:-
A1C1 + 3NH,OH —)Al(OH)3J, + 3NH, C1

The radioactive sodium chloride was converted to sodium

hydroxide during this reaction.

NaCl + NH, OH » NaOH + NH,C1

The aluminum hydroxide was filtered off with the aid of a filtration
accelerator.

The precipitate was washed several times with water, but
complete recovery of the radiocactive sodium was not possible in the short
time allowed for filtering and washing. Roughly 75% of the original
radicactive material present in the aluminum chloride solution was recovered
in this way.

The filtrate was heated almost to dryness and concentrated
nitric acid was added, drop by drop, until all the ammonium chloride

disappeared:
A

N\
NHL'_Cl + HNOB—>N20| + 2H20 + HC1



The "carrier-free" sodium chloride was dissolved in water and adjusted to
the proper volume and salt concentration for injection.

Measurement of Radioactive Sodium

a) Units Quantitative measurements of radioisotopes are
usually expressed as curies, which are defined as those quantities of
isotopes which have 3.7 x 1010 disintegrations per second. However,
accurate measurement of absolute quantities of radioisotopes is difficult
because, for a number éf reasons, the Geiger counter may not record one
count for each disintegrating atom.

On the basis of the data accompanying the shipments of sodium,
each animal received about 0.35 microcuries, a quantity which is probably
low enough to avoid serious irradiation effects, and high enough to give
satisfactory counts.

It was not necessary to determine absolute amounts of radio-
activity in the assay, since all test animals were compared with similarly
treated control animals. The percentage of the injected material
appearing in the rat urine could be determined by the comparison of a
sample of rat urine with one of the injected radioactive solution.

b) The Geiger Counter The ‘instrument used for the measurement
of the radioactivity was a Geiger-Muller (G-M) counter, attached to a
scaling circuit which recorded the impulses detected by thé counter. A
self-quenching Tracerlab TGC-1 G-M tube with a thin mica end-window (less
than 2 mg/cmz) was used. This tube was mounted in a castle, and was
connected to a Berkeley Decimal Scaler (Model 1000 B) with a scale of 1000.

Attached to this instrument was a stop-clock which started and stopped with
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the counting.

The instrument required a half-hour for warming up before use,
and was satisfactory for the intermittent counting which was required by
the assay. Before each counting session, the performance of the instrument
was checked by means of a '"standard" of uranium oxide. Since this material
has a half-life of 4.56 x 107 years, the count should remain constant for
any one tube. The uranium standard was also used in determining the voltage
at which each tube could be used for counting. One of the properties of
the G-M tube is that with increasing voltage a "plateau' is reached on
which the counting is independent of the voltage. Using the uranium
standard, counts were taoken at increasing voltage levels, and the plateau
region determined. - Operating voltage was in the first third of the plateau
range. It was never necessary to count greater activities than 10,000
counts per minute, which is well within the resolving time of the instru-
ment.

c¢) Preparation of Samples The radioactive urine was plated on
small watch glasses during the early experiments, and on cupped metal
planchets in later experiments. It was dried in a small oven under an
infra-red lamp to prevent splattering. The volume of all samples was 1.5 ml.
Drying time was approximately one hour.

The change from watch glasses to metal planchets was made because
the shape of the planchets was such that more of the radiocactive material
remained under the window of the G-M tube, resulting in higher counts per
sample, and more economical use of the radiocactive material. The cupped

planchets fitted into a grooved sample holder in the castle, which assured



consistent geometry for counting purposes. The shape of the sample
container and the presence of urine residue affected the number of counts

obtained. This is illustrated in the following table:

Experiment 10a

In each instance, 0.04 mls. of the radioactive solution was plated onto
the container.

Method of Dilution Count/min Count /min
Before Drying Watch Glasses Metal Planchets
Added 1.46 ml. of 3999 5175
water 3969 5373
3856 L4973
Aver: 3941 517L
Added 1.46 ml. of 4101 4815
urine 4167 4807
4307
Aver: 4192 4811

It can be seen that, regardless of the method of dilution of
the radiocactive material, the counts were higher when the metal planchets
were used. Since the solids present in the urine might absorb some of the
radiation, the slightly lower counts obtained with the planchets were not
unexpected, when the urine rather than water was used as the diluting fluid.
The fact that this absorption effect was not obtained with the watch glasses
suggests that the solids of this urine settled at the centre, facilitating
the entry of the rays through the mica window.

The variations between triplicate samples noted here are actually
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larger than those obtained in the counting of urine samples, since in that
case larger volumes are pipetted.

d) Counting Technigue A five-minute background count was taken

at the beginning and end of each counting session, and the average back-
ground count per minute (cpm) was determined. This background count is due
to cosmic radiation and varies with the individual G-M tube. In this
study it varied between 25 and 30 epm. In order to obtain the true cpm,
the background cpm was subtracted from the total cpm.

The samples were placed in a groove on the sample changer
attached to the lead castle. This was pushed into a fixed position so that
the sample rested just beneath the end window of the G-M tube. The counts

were recorded as follows:

Initial Final Count Time Count s/min.
Reading Reading (min.)
LILO
L4440 5574 1134 1 1134
55Th 7269 1695 1 1695
7269

The results show that with this type of scaler the counts can
be obtained by simple subtraction. This menner of recording saves time
since it is not necessary to clear the instrument between samples.

Approximately 3% of the injected radioactive material was
excreted within the 5 or 6 hours of the assay procedure. Sufficient radio-
activity was injected so that approximately 3000 cpm appeared in the urine
in this time period. Since the total volume of the urine plus washings was

usually under 3 ml., and an aliquot of 1.5 ml. was used for counting purposes,
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most samples contained approximately 1500 cpm. If any sample had less
than 1000 cpm, the counting-time was increased until 1000 counts were
recorded. The samples of one set of experiments were generally counted
within a half-hour period. The samples of the control animals were counted

in the middle of this period.

Procedure of Biological Assay

Post-Operative Management

The immediate post-operative treatment was designed to permit
optimum recovery of the animals from surgery by the replacement of their
drinking water with saline. Two days were allowed between operation and
testing. If the animals were deprived of saline on the second day after
operation, their sensitivity to DCA was increased, as indicated in the

following table:-

Exp't Post-op. #Sodium-24 Exc'd by Urinary Sodium-2L as
Conditions Controls in 6 hrs of Controls
(Animals given 10Y DCA)
2 a 2 da.ys 5019 7400
saline
2¢ 1 day saline, 2.89 36.6
1 day water

The final procedure adopted for post-operative treatment was
a) saline on the first post-operative day and b) distilled water on the
second. This allows for recovery from surgery and for a satisfactory level

of sensitivity.



Procedure on Day of Assay

The animals were weighed on the morning of the experiment,
i.e. on the second day after adrenalectomy. Any animal that had lost
10 grams or more, or gained more than a few grams from the time of
operation was discarded. The most efficient use of the sodium and
animals was made if experiments were performed on 35 rats on each of four
days during the first five days after arrival of the radioactive sodium.
These animals were divided into three groups of eight, and one control
group of eight to eleven animals. Groups of this size gave more satis-
factory results than were obtained earlier with six animals.

Five cages of seven rats each were prepared for each day.

The groups were divided throughout all the cages to avoid variations due
to the time of handling. Food and water was removed from each cage one
hour before it was handled.

The procedure of the test, as originally suggested by Dorfman
and his associates, included the following steps: 1) Subcutaneous injection
of test substance in 0.25 ml. of corn oil. 2) Suhcutaneous injection of
one or two millilitres of an aqueous solution containing 3.5 mg. of sodium
chloride per hundred grams body weight and tracer quantities of sodium-24,
one hour later. 3) Urine collection for a period of six hours, begun
immediately after the injection of radiocactive materiel, with animals in
individual metabolism cages.

During the course of the present investigation a number of
modifications have been introduced into the original procedure, although the

general principles of the assay have been retained.



a) Solvent Vehicles Absolute alcohol was found to be the most

satisfactory solvent for injection of urinary extracts. Earlier experi-
ments with corn oil and 25% alcohol had indicated that they were satisfactory
for DCA but that emulsions were formed with residues of urinary extracts.
Since alcohol causes tissue damage at the site of subcutaneous injection,

the volume administered to each animal was reduced from 0.25 to 0.1 ml.
Relatively aldehyde-free alcohol was prepared by the addition of p-~phenyl-
enediamine (4 gms/1) to alcohol which was allowed to stand for one week,

with frequent shaking. The alcohol was then triple-distilled and
refrigerated.

The radiocactive material was injected in an aqueous solution
containing 3.5 mg. of sodium chloride per millilitre and tracer quantities
of sodium-24. Each animal received a subcutaneous injection of 1.0 ml. of
this solution.

b) Period of Urine Collection In the early experiments, the

radiocactive solution was injected one hour after the administration of the
test substance, and urine was collected for the first six hours after the
second injection.

In the later experiments, when the solvent had been changed to
absolute alcohol, the one hour wait allowed for absorption of the test
material was eliminated and the urine collection period was reduced to
five hours.

The effect of these variations on the sensitivity of the assay
will be discussed later.

c¢) Method of Urine Collection Since the radioactivity was to be
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counted on dry samples, it was desirable to keep the total volume of urine
plus rinsings as small as possible. This was accomplished in the following
manner:

The animal was placed on a board on its back, and held in
position at the limbs and mouth with loops of cord. The bladder was emptied
with gentle abdominal pressure, although it was generally emptied
involuntarily while the animal was being attached to the board. The fore-
skin was drawn back with the aid of forceps and the urethra was ligated
with heavy thread (button and carpet), just below the glans penis. After
the loose threads were cut, the foreskin was returned to its original
position. The rat was then released from its fixed position on the board
and returned to its cage for the collection period.

At the end of the test period, the animals were killed at three
minute intervals by the intraperitoneal injection of 1 ml. of nembutal.

The abdominal cavity was opened and the bladder exposed. The urine was
removed directly through the bladder wall by means of a fine (no. 25) needle
and syringe. Urine volumes were generally between one and two ml. 'The
needle was left in position while the syringe was emptied into a small
graduated centrifuge tube containing a drop of caprylic alcohol to prevent
foaming. A small quantity of water (about O.5 ml.) was drawn up into the
syringe, which was reattached to the needle, and used for rinsing the
bladder. This bladder rinse, plus a syringe rinse of similar magnitude,
was added to the urine in the centrifuge tube. The bodies of the animals
were kept on the roof of the building for a day or two to allow for decay

of the radioactivity, and then incinerated.
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d) Determination of Urinary Sodium-24 The volumes of urine

plus washings were recorded, and aliquots of 1.5 ml. of each sample were
plated, dried and counted on the same day. The background cpm was
subtracted from the cpm of each sample. The total urinary cpm for each
rat was calculated on the basis of the recorded total volumes, and the
average of each group was then determined. Occasionally, an extremely
low count, accompanied by a low urine volume was observed. It is believed
that an animal displaying these deviations was either in poor condition
before operation or damaged during adrenalectomy. Since the rats were
being used in an assay for the determination of salt-retaining activity,
such false positives had to be eliminated. The vast majority of the
animals eliminated throughout the entire study excreted considerably less
ﬁhan one-quarter of the radiosodium totally excreted in their respective
groups. In doubtful cases, an animal was only eliminated if the radio-
activity in the urine was less than one-half or greater than double.the mean
of that excreted by the other animals in the group.

The average total cpm of the control animals was considered as
100% excretion. The average total cpm of a test group was expressed as
its percent of the value obtained for the control animals. If this was
less than 100% it was considered to be "sodium-retaining", and could be
expressed in terms of approximate DCA equivalents.

Variability of Control Animals

In order to determine what percentage of the injected radio-

activity was present in the urine of the-rats, four percent (0.04 ml.) of

the radiocactive solution used for injections was plated in triplicate. These
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samples were diluted to 1.5 ml., the volume used for counting aliquots of
rat urine, and counted at the same time as the samples obtained in the rats.
The value obtained in this manner was multiplied by 25 to give the total
mamber of counts injected per animal.

The concentration of the diluting urine affected the count
slightly. In order to overcome this difficulty, comparisons were made
only between groups whose counts were determined with the same inactive
urine. One urine served for all experiments carried out with one ship-
ment of sodium.

The percentage of injected sodium-2, excreted by five consec-

utive sets of controls is presented below?

Experiment Date No. of Control Animals Z of Na-2) excreted
in 5 hrs.
32 a Nov.20/51 10 2.2
32 b 21 14 2.53
32 ¢ 22 7 2.05
32 4 23 6 2.5,
32 [ 21} 10 2.8

Although the animals were maintained under almost identical
conditions, it was not possible to further decrease daily variations below
those observed in this group of experiments. Fluctuations of this type
led to difficulty in interpreting the effects of DCA, but this was over-
come by expressing the results in relation to the sodium-24 excretion of
the control animals.

Although the percentage of injected radioactivity recovered in
the urine was not used in the calculation of results, this value was useful

as a check on the method. Under optimum conditions, control animals excreted
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approximately 2.5% of the injected sodium-24 in five hours. If they
excreted much less than two or much more than three percent, it could

generally be shown that some condition of the test had not been adhered to.

Effect of Desoxycorticosterone on Urinary Excretion of Radioactive Sodium
in Assay

DCA was chosen as a standard of reference in this assay because
it is particularly active with respect to sodium retention and because it
is easily available and relatively stable.
DCA in 0Oil

The earliest method used for the assay of DCA was based on the
original procedure as suggested by Dorfman, Potts and Feil (189). The test
substance was injected subcutaneously in 0.25 ml. of corn oil. One hour
later the animals received a subcutaneous injection of radiéactive sodium,
and were placed on urine collection in the manner already described. The -
effects of 1, 2, 5, 10, 15 and 20 micrograms (Y) of DCA are presented in
Table I.

The sodium-2) excretion of the animals receiving 1Y of DCA was
88.8% of the control values. Higher dosages were associated with greater
sodium-retaining effects. The test animals receiving 20Y of DCA, the highest
dosage studied, excreted only 142% of the control values. Significant
sodium retention occurred between the 2 and 5Y dosage levels. Thé dosage-
response relation obtained with rats studied in this manner is plotted in
Fig. 2. The shape of the curve indicates that it is steepest between 2 and

15 Y and that the effect produced by 20Y is quite close to maximum. If the



TABLE I

EFFECT OF DCA AND DOC, INJECTED IN CORN OIL, IN URINARY RADIOSODIUM IN RATS

Dosage No.test Urinary Na-24* S.E.** No.control S.E. of P
in Y rats (% of controls) animals  control rats
Effect of DCA
1 1 88.8 9.4 7 17.44 0.6
2 10 67.5 8.00 8 18.00 (0.2
5 5 46.1 L.07 6 13.12 {0.01
10 5 36.6 12.30 6
15 12 17.3 1.70 13
20 5 14.2 4.50 5
Effect of DOC
2 . 5 794 7.25 5
20 5 15.5 5.20

*Sodium-2) excretion of control animals was considered as 100%. Values
under 100% indicate "sodium retention.

%*k

S.E. (Standard Error) = J/ &(x)? - g%(x)
n(n-1)

19
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dosage-response relations are plotted in terms of the log of the dose and
the urinary sodium-2/ ratio of test and control animals, a straight line
relation is observed. The regression line obtained in this manner is
presented in Fig. 3. The free steroid, DOC, was assayed at the 2 and 20Y
dosage levels. The values were not significantly different from those
obtained with the acetate esters.

DCA in 25% Alcohol

Urine extracts were considerably less soluble in corn oil than
DCA. For this reason, the sensitivity of the assay was repeated using
0.25 ml. of 25% alcohol as the solvent vehicle.

Assays were performed with dosage levels of 1, 2, 2.5, 7.5 and
10Y. The results are presented in Table II, and the dosage-response
relation obtained is plotted in Fig. 3. It is apparent that the change in
solvent did not have a marked effect on the assay, since the dosage-response
curve obtained in this manner was almost identical with that obtained with
DCA injected in corn oil. The difference between the coefficients of the
regression lines (136) obtained with both solvents is not significant (P is<0.8).
DCA in Absolute Alcohol

For purposes of urine assay, the best solvent was absolute
alcohol. For this reason, DCA was assayed with this solvent vehicle. The
volume used for each animal was reduced from 0e25 ml. to Ol mle The one
hour wait between injections of the test substance and radiosodium was
eliminated, and the collection period was reduced to five hours. The
effects of 2, 5, 10, 15 and 20Y of DCA are presented in Table III. The

sodium-retaining effects of DCA injected in this manner were similar to
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TABLE II

EFFECT OF DCA, INJECTED IN 25% ALCOHOL, ON URINARY

RADIOSODIUM IN RATS

Dosage in ¥ No. test rats Urinary Na-24* S.E.**  No. of control animals
' (% of controls)
1 12 87.0 6.2 10
2 12 73.8 6.4 10
2.5 7 69.8 Tels 5
5 6 54.0 Tels 6
7.5 b 41.3 13.6 5
10 5 32.8 1.7 6

*Sodium-24 excretion of control animals was considered as 100%. Values

under 100% indicate "sodium retention'.

**3.E. (Standard Error)

0g9
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TABLE III

EFFECT OF DCA, INJECTED IN ABSOLUTE ALCOHOL,
ON URINARY RADIOSODIUM IN RATS

Dosage No. test Urinary Na-24* S.E¥* No. control
in Y rats (% of controls) animals
2 5 85.5 14.60 6
5 6 49.0 8.06 7

10 A 28.8 7.87 8

15 6 16.0 9.33 6

20 6 15.5 2.50 7

*Sodium-24 excretion of control animals was considered as 100%.
Values under 100% indicate "sodium retention"

**3,E. (Standard Error)



67.

those noted with DCA in corn oil (Fig. 2), and the coefficients of the
regression lines (136) obtained with both solvents are not significantly
different (P is €0.2). The regression coefficient is, however,

significantly different from that obtained with DCA in 25% alcohol.

Effect of Desoxycorticosterone on Urinary Excretion of "Total Sedium'
in Assay

DCA in 25% Alcohol

The effect of 10 and 20Y of DCA on total urinary sodium was
studied by the method of assay employed for the measurement of radioactive
sodium. The results are listed in Table IV. (Sodium determinations were
done on the flame photometer by Miss H. Thomson, of the Department of
Experimental Surgery of McGill University). The sodium-retaining effects
were less marked than those obtained with radiocactive sodium with the same
dosages. The effects of 10 and 20Y were similar to those observed with

5 and 7.5Y respectively, when DCA was injeéted in 25% alcohol (see Table II).

Effect of Cortisone on Urinary Excretion of Radioactive Sodium in Assay

Cortisone in 0il

The effects of 10, 30, 48 and 50Y of cortisone, injected in corn
oil, are listed in Table V. A sodium-retaining effect was not observed at
any dosage level, but a reverse effect was noted with 10, 30 and 48Y. The

dosage-response relations have been plotted in Fig. 4. A line was used to

Join the points determined under identical conditions, i.e. on the same day.

’

Although the results obtained at the 10, 30 and 48Y levels suggest that
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TABLE IV

EFFECT OF DCA ON TOTAL URINARY SODIUM IN RATS

Dosage No. of Urinary Na/é6 hrs S.E.* Urinary sodium

inY rats (m.eq.) (% of controls)
0 7 0.2852 0.035 100%

10 5 0.1555 0.023 S5haly

20 5 0.1231 0.021 L3.2

*Standard Error



TABLE V

EFFECT OF CORTISONE, INJECTED IN CORN OIL, ON URINARY RADIOSODIUM IN RATS

Expt. Dosage in No. test rats Urinary Na-24* S.E.** No. control
Y

(% of controls) animals
‘ ba 10 6 117.0 11.0 6
ba 30 6 126.2 12.9 6
be 48 9 169.8 10.2 5
Te 50 6 100.5 6.5 6

*Sodium~2/, excretion of control animals was considered as 100%. Values
greater than this indicate a "sodium excreting" effect.

**Standard error.

‘69
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URINARY Na-24 AS % OF CONTROLS
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Effect of cortisone on urinary excretion of radio-
sodium in rats. Sodium-24 excretion of control
animals was considered as 100%. Values under 100%
indicate sodium-retention. Lxperiments performed
on one day are joined by lines. FEach point repre-
sents the mean value for one group of rats.  Stu-
dies with cortisone in absolute alcohol were done
with the five-hour assay, the others were done
with the six-hour assay.
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cortisone produces a sodium-excreting effect which increases with dosage,
the sharp decrease in activity from 48 to 50Y indicates that the activity

may vary from day to day.
Cortisone in 25% Alcohol

The results of thirteen assays of cortisone in 25% alcohol, in
dosageé ranging from 10 to 52.5Y, are listed in Table Vi. Sodium-excreting
effects were obtained with 20, 30, 40, 50 and 52.5Y on one but not every
occasion. A sodium-retaining effect was observed twice, at the 10 and 40Y
levels, but even then it was not great since the test animals excreted over
90% as much radiosodium.as the control animals. The dosage~-response
relations have been plotted in Fig. 4. Points determined on the same day
have been joined. The lines formed in this manner indicate that the shape
of the dosage-response curve of cortisone, in 25% alcohol, varies from day
to day, as already suggested by the studies of cortisone in corn oil.

Cortisone in Absolute Alcohol

Since absolute alcohol was found to be the best solvent for
urinary extracts, experiments on the effect of cortisone dissolved in this
solvent have been carried out. The dosage range studied was reduced to
045-3.0Y because most of the urine assays were performed on 20~-minute urine
samples, which contain amounts of cortisone-like material in this range (185).

The five-hour assay described for DCA in absolute alcohol has
been used in these studies. The results are listed in Table VII.

Although a sodium-excreting effect was observed with 1Y of
cortisone, no effects were observed with 0.5 or 3Y. In spite of the fact

that the effect was not significant (P was €0.1), the mild sodium-excretion



TABLE VI

EFFECT OF CORTISONE, INJECTED IN 25% ALCOHOL, ON URINARY RADIOSODIUM IN RATS

Expt. Dosage in Y No. test rats Urinary Na-24* S.E** No. control

(£ of controls) animals
6éb 10 5 93.7 11.7 )
™ 10 6 108.9 2443 A
6c 13 5 101.6 2645 5
6d 19 9 117.5 28.0 7
7a 20 5 132.2 15.0 5
6b 30 6 117.9 15.6 6
7o 30 6 138.4 12.5 b
Te Lo 5 977 10.3 5
7d 40 6 128.0 8.3 4
Ta 50 ) 118.6 16.0 5
7c 50 6 139.5 15.7 5
7d 50 L 117.7 12.0 I
b¢c 52.5 5 162.4 16.9 5

*Sodium-2/, excretion of control animals was considered as 100%. Values
greater than this indicate a "sodium excreting' effect.

**Standard Error

‘2L



TABLE VII

EFFECT OF CORTISONE, INJECTED IN ABSOLUTE ALCOHOL, ON URINARY RADIOSCDIUM IN RATS

Expt. Dosage in No. test rats Urinary Na-24* S.E.** No. control S.E. P
Y

animals

(% of controls)
Léc 0.5 6 100.5 11.8
Lbe 1.0 7 134.7 14.0
Lbe 3.0 7 102.3 17.3

9 11.8
9 11.8 0.1
9 11.8

*Sodium~24 excretion of control animals was considered as 100%.
than this indicate a "sodium excreting" effect.

**Standard Error.

Values greater

€L
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caused by 1Y of cortisone might mask a sodium-retaining effect due to
some other compound. The effect of cortisone in absolute alcohol has been

plotted in Fig. 4.
Preparation of Humen Urine Fxtracts for Assay

Extraction Frocedures

The methods used for the extraction of urine were based on
those generally employed for the determination of biological or chemical
corticoids (195,196,197,198). The extracts were prepared in the following
manner:-

a) Collection of urine Complete 24-hour urines were collected

without preservatives, refrigerated after collection, and extracted within
one or two days.

b) Acidification of Urine Prior to Extraction Most methods

for determining corticoids now include acidification of the urine prior to
extraction. This procedure, presumably a mild hydrolysis of esterified
steroids, results in the extraction of greater quantities of corticoids by
lipid solvents. The urine was adjusted to pH 1.5 with sulphuric acid.
Extraction was done within a half-hour of acidification.

c) Extraction with Lipid Solvent Redistilled reagent grade
chloroform was used as an extraction solvent for the bulk of the urines.
In some of the earlier experiments redistilled ethylene dichloride was used,
but this was replaced because a high temperature was required for its
distillation. The urine was extracted three times with one half volume of

chloroform in the first extraction and quarter volumes in the second and third.
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The three extracts were pooled, placed in a round-bottom distilling flask,
and evaporated to dryness in a still attached to a water pump. The water
bath was kept at 4O°C throughout this procedure. The dry residue, which
remains in the flask, is referred to as the "crude lipid" fraction.

d) Alkali Washing of Lipid Extract The dried "crude 1ipid"

extract was dissolved in 50 ml. of chloroform and washed five times with

15 mi. portions of 0.1 N sodium hydroxide. Each lot of sodium hydroxide
was back extracted with an equal volume of chloroform, which was added to
the rest of the extract. This procedure removes alkali-soluble steroids
such as the estrogens,and other impurities,from the lipid extract.

e) Water Washing of Lipid Extract The chloroform extract was

washed several times with 15 ml. portions of distilled water, and each lot
of water was back extracted with an equal volume of chloroform. This
procedure removes the alkali left in the chloroform by the previous step.
The water washings were continued until they were neutral to pH paper. The
washed chloroform extract was evaporated to dryness as described in step C.
The remaining residue is considered the "neutral lipid" fraction.

f) Preparation of "Water-insoluble" Fraction The dried "neutral
lipid" extract was dissolved in 50 ml. of reagent grade redistilled benzene.
The benzene extract was washed ten times with equal volumes of distilled
water. The purpose of this procedure was to separate the more water-
soluble compounds, such as cortisone, from the water-insoluble compounds.

The benzene was evaporated to dryness with a stream of nitrogen in a water

bath at 40°C. The residue is referred to as the “water-insoluble"

fraction.
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After extraction procedures for any fraction were completed,
the residue was dissolved in a small quantity of absolute alecchol (1 m1.)
which was evaporated under a stream of nitrogen. This was done to assure

the removal of traces of chloroform from the residue.

Storage of Urine-Extracts

Since shipments of sodium-24 were received at two-week
intervals, and since only 12 assays or fewer were performed with each ship-
ment, some urine-extracts were stored for periods up to a month or longer
before assay. Two methods of storage, described as "dry" and "wet"
storage, have been used in these studies.

a) 'Dry" Storage When the final extracts were ready for storage

they were dissolved in chloroform and transferred to test tubes. The
chloroform was removed under a stream of nitrogen. Remaining traces were
removed with a little absolute alcohol, as previously described. The
test tubes were stored in a desiccator, at room temperature. When the
processing was not completed in one day, the dried residues were stored in
the refrigerator. This method of storage is referred to as “dry" storage.
The urinary extracts were stored in this manner for some time until it was
noted that many extracts which had a sodium-retaining effect when first
assayed. no longer displayed this activity when they were reassayed{ two
or four weeks later. Several instances of this apparent deterioration of
the extracts are shown in the following table. A time-dose of 20 minutes

of Y"erude lipid" extract was used for each rat:-
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Experiment Date of Urine No. of Z of No. of
Date Collection Test Rats Controls Controls

E.V. (Acromegaly)

Mar. 2/51 Feb.28/51 5 60.4, 5

Mar.16/51 " 5 9L.9 5

R.B. g Acromegalz)

Mar. 3/51 Feb.28/51 5 49.8 7

Mar.16/51 " 6 77.7 5

P.W. (Nephrosis)

May 25/51 May 13,14/51 5 L2.8 7
June 23/51 " 6 89.2

A decrease in activity with "dry" storage was not, however,
observed with a normal urine to which DOC had been added, nor with a urine
from a patient with nephrosis. This patient, P.W., was studied on a
previous occasion when a decrease in extract activity with time was noted.

A time-dose of 20 minutes of "crude lipid" extract was used

for each rat:-

Experiment Date of Urine No. of % of No. of
Date Collection Test Rats Controls Controls

R.M. (Normal, DOC added)

Stored 'wet" 5 days

Jan.13/52 Jan. 7/52 6 39,1 10
Stored "dry" 16 days
Jan.24/52 Jan. 7/52 6 31.6 5

P.W. (Nephrosis

Oct.21/51 Sept.20/51 5 46.2
Nov. 9/51 " 5 52,1

o
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b) "Wet" Storage Changes in the storage procedure were made
in an effort to avoid the decrease in activity noted in some extracts on
"dry" storage. The storage procedure was changed to the following and
referred to as "wet" storage:-

i) The extract was dissolved in alcohol
ii) It was transferred to a glass ampoule which was sealed
under light vacuum
iii) The sealed ampoule was refrigerated

The changes were introduced after Drs. Deming and Luetscher
had forwarded two extracts dissolved in alcohol in sealed'glass ampoules.

A urinary extract was divided into three parts which were
stored in different ways for approximately the same length of time. The
effect of the different methods of storage on the activity of the extract

was studied. A time-dose of 20 minutes of "crude lipid" extract was used

for each rat:~

eriment Type of Extract No. of Z of No. of
Date Method of Storage Test Rats Controls Controls
S.L. (Nephrosis) Dec. 28-31/51
A.
Jan. 10/52 "wet" storage 7 68.4 7
B.
Jan. 13/52 "dry" storage until 5 90.7 10
Jan.9, when alcohol
was added and extract
was refrigerated
C.
Jan. 11/52 "dry" storage 8 113.3 8

If the sodium-retaining activity detected in Experiment A was due to
"activation" by the addition of alcohol, a sodium-retaining effect should

have been observed when alcohol was added to a "dry" extract in Experiment B.



79.

The fact that this was not noted suggests that the difference in activity
of the "wet" and "dry" extracts was due to losses on "dry" storage.

The effect of "wet" storage on the activity of three extracts
have been studied. A time-dose of 20 minutes of "crude lipid" extract

. was used for each rat:-

Experiment Length of Storage No. of % of No. of
Date Test Rats Controls Controls

A.P. (Toxemia of Pregnancy) Jan. 24-25/52

36¢

Jan. 27/52 2 days 8 N 10
37d

Feb. 10/52 16 days 6 67.6 6

H. MacD, (Nephrosis) May 13-14/52

L3a :

May 18/52 l days 5 57.1 7
45b

June 13/52 30 days 6 62.7 10
Lba

June 26/52 43 days 7 6842 L

D.L. (Nephrosis) June 3-4/52

45b

June 13/52 9 days 8 57.0 6
Lba

June 26/52 22 days 7 59.0 IN

The above results suggest that this storage procedure
prevents serious losses of activity for a period of at least six weeks.
All values reported in the section of "Results" were obtained with extracts

stored in the "wet" state unless otherwise indicated.
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c) Method of Sealing of Ampoules The extract was transferred

to a small glass ampoule in one or two ml. of alcohol. It was evacuated
with light suction until the alcohol vapour flame was seen condensing on
the sides of the ampoule. A narrow flame was applied to the neck, just
below the end of the rubber tubing, until softening and sealing occurred.
The end of a fine pipette, used as a "micro-burner} gave the réqpired
narroﬁ flame. Care was taken to avoid accidental heating of the alcohol
during the sealing procedure, as this can destroy the activity of the
extract.

Effect of Variations in‘"Time-Dosage" on_Sodium-Retaining Activity of
Urinary Extracts

For routine purposes assays have been performed on a 20 minute
time~dose of urinary extract for each rat. The choice of this time-dosage
was based on the fact that Deming and Luetscher (51) had published positive
results‘with this quantity of urine. 7

Two extracts, prepared from nephrotic urine, were studied in
dosages ranging from 4.4 to 40 minutes. The activities of the different
dosages are presented in Table VIII.

In one case (H. MacD.) the effects of the 4.4, 10, 20 and 40
minute dosage levels are presented. The greatest effect was observed at
the 10-minute dosage level. This was maintained at the 20-minute level,
but decreased at 40 minutes. In the other case (D.L.), the 10, 20 and
30 minute dosages were studied. The greatest effect was obtained at the
20-minute level. For optimum results, values should be read along the steep
part of the dosage-response curve, i.e. between 4.4 and 10 minutes in the

first case, and between 10 and 20 minutes in the second (Fig. 5).



TABLE VIII

EFFECT OF VARIATION IN TIME-DOSAGES ON SODIUM-RETAINING ACTIVITY OF URINARY EXTRACTS

Subject Condition Time dose (minutes) Urinary Na-24*
(¢ of controls)

H.MacD. Nephrosis bely min. 85.8
10 " 54.2
20 " 57.1
4O " 77.6
D.L. Nephrosis 10 min. 72.6
20 " L9.7
30 " 68.3

*Sodium-Zh excretion of control animals was considered as
100%. Values under 100% indicate "sodium retention".

*T8
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Effect of Alkali and Water Washings on Sodium-Retaining Activity of
Urinary Extracts

The bulk of the assays carried out in this investigation have
been done with "crude lipid" extracts. A few studies, however, have been
performed on "neutral lipid" extracts in an effort to further characterize
the solubility properties of the active material found in some urines.

Most assay procedures for biological and chemical corticoids include alkali
washing of the "crude lipid" extracts, as this step has been shown to

remove phenols, acids, and possibly other substances. The results obtained
with "erude" and 'neutral lipid" fractions of two urine extracts are presented
in Table IX. |

Both extracts were obtained from patients with nephrosis. Sodium-
retaining effects were observed in the "crude" and 'meutral® fractions of
both extracts. In terms of approximate DCA equivalents, a recovery of
112.4% in one case and 84.0% in the other, was obtained after the alkali and
water washings. These changes in activity are not great when one considers
the degree of manipulation to which the extracts were subjected. Although
the matter requires further study, the results suggest that the bulk of the

active material of these extracts was alkali-insoluble.

Comparison of Method of Deming and Luetscher with Present Assay

Drs. Deming and Luetscher kindly forwarded two urine extracts
from patients with nephrosis in which sodium~-retaining activity had been
detected by their assay procedure. The extracts were prepared by chloroform

extraction of urine acidified to pH 1.5 immediately prior to extraction.
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TABLE IX

EFFECT OF ALKALI AND WATER WASHINGS ON SODIUM-RETAINING
ACTIVITY OF CRUDE LIPID URINARY EXTRACTS *

No.test No.control Urinary Na-24**  Approx.DCA
Expt. Name Fract. patients animals (% of controls) equiv. (Y)

43(c) H.MacD. Crude 5 7 57.1 h.h.
INNG)) " Neutral [ 8 50.0 L.9
Recovery 111.4 &
45(b) D.L. Crude -8 10 L9.7 5.0
45(¢) D.L. Neutral 6 6 5845 L2
Recovery 84.0 %

*Studies performed on urine of patients with nephrosis.

**Sodium-2) excretion of control animals was considered as 100%.
Values under 100% indicate "sodium-retention'.
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They were stored in alcohol (in test tubes)'and refrigerated. Just before
mailing they were transferred to glass ampoules. The results obtained
with both procedures are tabulated in Table X.

The urinary extracts had marked sodium-retaining effects in
both methods of assay. One extract, No. L4401, was more active in the assay
described here than it was in the method of Deming and Luetscher, i.e.
10Y of DCA equivalent as compared with 6.2Y. Extract No. 2216 had less
sodium~retaining activity in the present assay, i.e. 4.47 as compared with
7.3Y, but since the extract was 13.5 months old at the time of assay, this
was not unexpected. Although some variation in the methods has been noted,
the results indicate that the order of sensitivity is within the same range

in both assay procedures.

Discussion of Methods

The method suggested by Dorfman et al. (189) has been modified
and standardized as a method for the biological assay of DCA-like substances
in human urine. During the course of the present study, five groups of
investigators have published modifications of the same method. The leading
features of the original method and the six modifications thereof are
tabulated in Table XI.

In the original procedure, rats of 118 to 175 gms. were used.

A much narrower weight range has been used by all other groups of investig-
ators. Four of the methods employ adult rats, while two others use 35 gm.
mice or 30-40 gm. rats with resultant increase in sensitivity. All groups

but one (51) have used male animals.
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TABLE X

SODIUM-RETAINING ACTIVITY OF TWO URINARY EXTRACTS BY THE METHOD
OF DEMING AND LUETSCHER AND THE PRESENT ASSAY

Age of Urine vol; No.test No.control UYrinary Na-24* Approx.
Subj. Age Sex extract (ml/dy) rats animal s (% of control) DCA equiv.

()

Results obtained by Deming and Luetscher**
2216 2 M 170 . 743
LLOL 5.5 M 500-600 642

(pool)

Results obtained in present assay
2216 13.5 mths. 13 10 56.1 Lok
L4401 1 month iy AV 27.6 10,0

*Sodium-2/ excretion of control animals was considered as 100%. Values
under 100% indicate "sodium-retention'.

**Personal communication Dr. Q.B.Deming, November 6, 1951.



TABL g g1
METHOUS FCR TH. ASSAY OF SODIU \_pETAINING SUBSTANCES

Feature of assay Kethod of Lorfman Method of Deming Kethod of Kethod of Simpson liethod of larcus, liethod of Kagawa, Present
et al (189) & luetscher (51 Spencer (190) & Teit (192) Romanoff & Shipley & Study
. Pincus (193) Yeyer (194)
Animals weight Male albino rats Female rats Male swiss Male albino rats Male rats Male albinc rats Male hooded
118-175 gn. 150 gn. nice 25 gn. 30-40 gm. 150-175 gr. 15C-155 gr. rats 160-170 gn.
Post-op. period 1 to 11 days 3 to 4 days L to 7 days L days varied 1 day 2 days
Post-op. 1% saline in Saline up to 5% cerelose Saline 1 day.
Drinking Fl. Saline Saline 5% glucose in 1% 5% glucose 2l hrs bhefore Distilled water
saline. Fasted P assay, tap water 1 day
last 8 hrs. but for 1 day.
given 10% glucose
FKanner of st Urinary Na-24 Urinary total Urinary total Na- Na-24/K-42 Total urinary Na- Total urinary Na- Urinary
Electrolyte Effect, Na-flame photo. flie Eo: urinary {lame’ photo. microchemical Na-24
Solvent Vehicle Corn oil 952 eth oo 20% alcohol olive oil 0,05 ml. corn oil Absolute
0.2 oF ariol 5% £lucose 0.1 ml. (twice,3 hrs ayart) aleohol
.25 ml. 0.2 ml. Ol ml
Absorption Time 1 hour 30 min. no walt 1 hour no wait i hrs and 1 hr no wait
Salt and Water 3.5 mg NaC1/100 5 ml. distilled %5 i sl 277 Na % 381Y K 5 ml 0.9% NaCl 2.5 ml 0.85% NaCl 3.inm¢1:, :i;u
Load for Test gm. in 1 or 2 ml. water other ions in 2 ml. in; 05 al; N
Length of urine 6 hrs. - cages 5 hrs-cages (repeated 6 hrs-beakers (repeat- .2 patieeias b thas-uege S s
collection-method on 2nd & 3rd days) ed on 2nd & 3rd days)
Expr 5 Relation to concur- Absolute sodium ltelation to con- Relation to con-
R:::in o Relation to lielation to control lielation to control rent controls excretion levels current contrals current controls
‘ g ts controls day for same animals day for sanme animals

Ranges, Dose-response
Relations (pca)

+98-250Y. No dose-

response curve

1-25Y. No dose
response curve

0.5-4Y. Linear rela-

tion with log dose.

0.8-4Y. Linear rel'n
with lop dose

2.4-60Y. Linear
rel'n with log dose

1-12Y. Linesr rel'r
with lop dose

1-20Y. Linear
re’n with log dose

Ka retaining effect
of other hormones

- Zstradiol, propeste-
rone and testosterone,
mild activity

Beef adr. extr.-marked
effect;Comps.B,5,F,A,E-
mild eff: rrogesterone,
estradiol,testcsterone-
very mild effect

Lipoadrenal cortex-

marked effect:Comps.

A,B,E,F eff. at 10V

but reversed at higher
« dosapes

\

Cortisone zero to Na_
excreling effect,
varvine from exreri-

ment to exreriment.

Comp. B - cortlicost-rone; Conp.5 - 17-hydroxy-11-desoxycorticosterone; Comp.F - 17<hrdroxycorti

costerone; Comp.A - dehydroxycorticosterone; Comp.L = 17-hydroxy-ll-uehydrocorticosterone

*L8
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In the method suggested by Dorfman et al., the length of time
between adrenalectomy and assay varied from one to eleven days, and the
animals were maintained on saline until the morning of the experiment. In
the modifications, assays were performed from the first to the seventh
post-operative days. In three of these, including the present study (192,
l9h)) the length of the post-operative period was rigidly adhered to.
Experience obtained in the present study indicates that greater sensitivity
was achieved when the animals were deprived of saline for one day before
assay. This modification has been introduced by two other groups of inves-
tigators (193,194), while a third deprived the animals of saline for the
last eight hours before assay (190).

The use of radioactive sodium has been retained only in the
present study. Another modification employs the urinary Na-24 to K-42
ratio (192). Three of the methods employ the measurement of total urinary
sodium, as determined by the flame photometer (51,190,193), and a fourth
uses the measurement of total urinary sodium, determined by a microchemical
method (194). The determination of total urinary sodium has a certain
advantage over methods using radioactive materials, since experiments can
be performed at a convenient time. In the present study, the sodium-
retaining effect of DCA was greater when the radicactive material was follow-~
ed than when total urinary sodium was studied. This is probably related
to the timing of the method, since the urine collecting period is begun
immediately after the subcutaneous injection of the radiocactive material,
when a large fraction of the injected sodium is being absorbed into the blood

stream and presented to the kidney for excretion. The use of the Na-24 to
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K-4L2 ratio requires the chemical separation of sodium and potassium by a
physical absorption procedure, to be publisheds This method is probably
less time-consuming than those now in use for the separation of these
materials, otherwise the determination of this ratioc would be very time-
consuming. A possible objection to this method is the fact that steroids
which increase the potassium output without necessarily affecting the sodium
output may contribute to the reduction in the ratio.

Very similar results have been observed in the present inves-
tigation with DCA in 0.25 ml. of corn oil, 0.25 ml. of 25% alcohol, and O.1 ml.
of absolute alcohol. In the last case the urine collection period was
reduced to five hours and the hour allowed for absorption of the test sub-‘
stance was eliminated. Examination of the regression lines obtained with
these solvents reveals that there was a significant difference in the regre-
ssion coefficients of the lines obtained with 25% alcohol and absolute
alcohol. On closer inspection, this difference appears to be related to’
the reduced effect of 2Y of DCA in absolute alcohol. As this dosage was
studied once, in a group of five animals, it should be repeated before
conclusions on this point are reached. Absolute alcohol has been retained
as the solvent vehicle for the urine studies because of the solubility of
urine-extracts in this substance. Corn oil has been retained as the solvent
vehicle in only one of the modifications (194). One group has employed
olive oil (193), another 5% glucose, and the rest have used various concen-
trations of alcohol (51,192).

The effect of elimination of the one-hour wait between édminis—

tration of test substance and radiocactive material cannot be assessed from
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the present investigation because it was introduced at the same time as the
solvent was changed to absolute alcohol and the urine collection period was
reduced to five hours. As mentioned above, thése changes did not affect
the sensitivity of the assay except for the 2Y dosage level. In the method
of Kagawa, Shipley and Meyer (194), one half of the hormone, or unknown,
was injected at the 24th post-operative hour, the other half at the 27th
hour, and the urine collected from the 28th to 30th hours. In the other
modifications, the absorption time ranges from zero to one hour. The six-
hour urine collection period of the original method has been retained by
one group (190). Others reduced it to five hours (51), four hours (193)
or two hours (192,194).

In the original method, the animals received 3.5 mg. of NaCl
per 100 gm. of body weight, at the start of the urine collection period.
All the other workers have modified this slightly, although it is difficult
to tell what effect, if any, this change had on the sensitivity of the
methods. Marcus, Romanoff and Pincus (193) found that a salt load of 5 ml.
of 0.9% saline was necessary for good results, in spite of the fact that
Dorfman et al. (189) found the method more sensitive wheh the salt load was
low. It must be remembered, however, that the animals of the latter workers
had received saline up to the morning of the experiment whereas those of the
former had not received any added salt for 24 hours. Spencer (190) injected
a rather heavy salt load. Nevertheless, his method is more sensitive than
most due, probably, to the fact that 35 gm. mice were used as test animals.
In the assay of Deming and Luetscher, the animals did not receive salt at

the start of the assay, but were allowed to drink saline up to the morning of
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the experiment. The method of Kagawa, Shipley and Meyer (194) combines
a 24=hour period of salt deprivation with a relatifely high salt load at
the start of the test, while the present method uses a 24~hour salt
deprivation period as well as a relatively low salt load. The method of
Simpson and Tait (192) uses the smallest salt load, i.e. 27Y of sodium and
381Y of potassium per animal, These workers do not, however, deprive the
animals of saline before the experiment, The relatively high salt loads
used by some of these investigators are probably related to the fact that
total urinary sodium is determined, rather than radioactive sodium,

In the method of Dorfman et al., (189), the urinary sodium
_excretion of the test animals was expressed in terms of its relation to that
of control animals, not necessarily studied at the same time, In three of
the modifications, including the present study (192,194), the sodium
gxbretion of the test animals has been expressed in terms of its percentage
of that excreted by concurrently studied controls. Spencer (190) and
Deming and Luetscher (51) have used three rotating subgroups on three success-
ive days, so that each subgroup had served once as controls by the end of
the three-day period. Results were expressed in relation to the average
sodium excretion of the control animals studied over the three-day period.
Marcus, Ramonoff and Pincus (193) were the only investigators ﬁho used the
absolute urinary sodium output as a method of expressing their resultis,

One of the weaknesses of the method of Dorfman et al.(189) was

the fact that a consistent dosage-response relation was not obtained, In

the present study, the results were found to be more consistent, There was

a linear relation between the log of the dose and the response in the range



92.

of 1 to 20Y of DCA. Similar relations were noted by Spencer (190)

between 0.5 and LY, by Simpson and Tait (192) between 0.8 and LY, by Marcus,
Romanoff and Pincus (193) between 2.4 and 60Y, and by Kagawa, Shipley and
Meyer (194) between 1 and 12Y of DCA. The most sensitive methods are those
employing the smallest animals. The fact that one of these sensitive
assays is based on the measurement of total urinary sodium and the other

the Na-24/K-42, suggests that the size of-the test animals is probably more
important in determining the sensitivity of the assay than any other single
feature.

Cortisone did not have a consistent activity in ﬁhe present
investigation. Mild to ﬁarked "sodium-excreting" effects were noted on
some but not all occasions throughout the range of 1 to 52.5Y. For this
rééson, a dosage-response curve could not be obtained. The results indicate
that only those points determined on the same day are comparable, and that
the compound does not always produce an increase in sodium excretion.

Between the range of 10 to 52.5Y increasing dosage was generally
associated with an increased sodium—excreting effect, however, the slopes
of the "curves" varied considerably from day to day. Two groups of inves-
tigators have found that adrenal cortical extract was highly active with
respect to sodium retention (192,193). Marcus, Romanoff and Pincus (193)
obtained a "sodium-excreting" effect above the 10Y level with dehydrocorti-
costerone, corticosterone, cortisone and 17-hydroxycorticosterone. Slight
sodium~-retaining effects were observed with all of these compounds at the
10Y level except dehydrocorticosterone, which was as active as DCA. Simpson

and Tait noted mild sodium-retaining effects with corticosterone, 17-hydroxy-
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1l-desoxycorticosterone, 17-hydroxycorticosterone, dehydrocorticosterone
and cortisone (192). The curves obtained with these compounds were
parallel to those obtained with DCA. The effects of estradiol, proges-
terone and testosterone were studied by Deming and Luetscher (51) and
Simpson and Tait (192), who found them to be almost negligible.

Although all of these methods are rather difficult and tedious,
they have the advantage of sensitivity as well as the ability to character~
ize substances on the basis of their "electrolyte! effect.

A decrease in activity of urinafy extracts was frequently
observed in the present investigation following storage in the "dry" state
at room temperature (Fig. 6). This was prevented for a period of at least
six weeks by refrigerating the extracts in alcohol in sealed glass ampoules.
It has recently been reported that certain common molds can be used for
the oxygenation of DOC, 17-hydroxy-ll-desoxycorticosterone and progesterone
(199,200). If the sodium-retaining material detected in urine-extracts is
a compound of this type, the report may have some bearing on the lability
of the extracts stored in the "dry" state.

Study of "crude" and '"neutral lipid" extracts of the urine from
two patients with nephrosis indicated that alkali and water washing left most
of the active material. This suggests that the sodium-retaining substance
in these extracts may be different from Hartman's "sodium factor', which has
been shown to be very soluble in dilute alkali (36).

When two urinary extracts were assayed at increasing dosages
from 4.4 to 4O minutes, interfering substances were detected at the 20-minute

level in one case and the 30-minute level in the other (Fig. 5). These
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results suggest that values obtained in routine assays at the 20-minute
dosage may not be quantitative. The fact that 1Y of cortisone had a
"sodium-excreting" effect in this assay indicates that it may be one of

the substances responsible for interferences noted in the above-mentioned
extracts, since small quantities of cortidone have been detected in

human urine (33). Deming and Luetscher have observed similar interferences

at higher dosages in their assay (51).

Sumnary of Methods

A method for the assay of small quantities of sodium-retaining
substances in human urine has been standardized. It is based on the
urinary excretion of a dose of sodium-2/ by adrenalectomized rats.

&) Hooded male rats on a standard diet of purina fox chow were
used. The test animals weighed between 160 and 170 grams at the time of
adrenalectomy.

b) The animals were adapted to laboratory conditions for one
day prior to adrenalectomy.

c) Room temperature was maintained as close to 80° as possible.

d) The post-operative period lasted two days.

e) Drinking fluid following operation was saline on the first
day and distilled water on the second. One hour before the assay was
started, food and water were removed from the cages.

f) Animals which lost 10 grams or more following adrenalectomy,

or gained more than a few grams, were not used.

g) The animals were attached to a board and given subcutaneous
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injections of test substance or solvent vehicle (0.1 ml. of absolute
alcohol) and 1 ml. of an aqueous solution containing 3.5 mg. of sodium
chloride and tracer quantities of sodium-24.

h) The animals were returned to their cages after ligation of
the urethra with heavy.thread.

i) The various groups studied on one day were divided between
all the cages to avoid variation due to the time of handling. A group of
control animals was required every day.

j) Five hours after receiving the radioactive sodium, the animals
were killed by intraperitoneal injection of nembutal. The body was opened
and the bladder exposed. A fine needle and syringe were used to remove the
urine. Bladder and syringe rinses were added to the urine. Care was taken
to insure a full five-hour collection period for each rat.

k) The mean sodium-2} excretion of each group of animals was
determined. The average count per minute obtained in the test animals weas
expressed in percentage, that of the control animals being 100%. Values
under 100% indicated sodium retention.

1) DCA was found to be sodium-retaining between the dosages of
1 to 20Y. A linear relation was noted between the log of the dose and the
urinary sodium-24 ratio of the test and control animals.

m) Cortisone had a mild to marked scdium-excreting effect in the
range of 1 to 52.5Y which was not always reproducible. A consistent dosage-
response relation was not observed.

n) Urinary extracts were stored in absolute alcohol in sealed glass

ampoules and refrigerated. This prevented, for periods of at least six weeks,
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the serious losses of activity frequently observed in extracts stored in
the "dry" state at room temperature.

0) The sodium-retaining effects of two "crude lipid" extracts
of urine were not significantly altered by dilute alkali and water washings.

p) Dosage-response curves of human urine extracts indicated
the presence of interfering substance at the 20-minute level in one case
and the 30-minute level in another.

q) Two "sodium-retaining” urinary extracts forwarded by Drs.
Deming and Imetscher had a sodium-retaining effeet in the present assay.
Minor differences were noted between the two methods, in terms of DCA equi-

valents, but the order of sensitivity was similar.
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RESULTS
Introduction

The edema or ascites of such conditions as toxemia of pregnancy,
nephrosis, cirrhosis and congestive heart failure has frequently been
attributed to a DCA-like substance of adrenal cortical origin. It has also
been suggested that certain rheumatic conditions may be associated with a
relative excess of DCA-like 'mineralocorticoids". In animals, growth
hormone has been reported to cause pathological changes similar to those
noted with an excess of DCA, suggesting that this hormone may have an action
on the adrenal gland. To test the validity of these suggestions, quantita-
tive determinations of substances having a sodium-retaining effect in animals
were made on the urine of normal individuals and of patients with the above-
mentioned diseases. The effect of surgical trauma and the intravenous
administration of growth hormone on the excretion of these substances has
also been investigated.

In the early studies, an extract of a l2-hour urine sample was
administered to each rat. This large aliquot was chosen on the assumption
that the sodium-retaining factor, if present, must be there in minute amounts.
"Water-insoluble" fractions were used in these studies because the "benzene-
water" partitioning in the preparation of these fractions had been shown to
remove a large part of the "cortisone-like" material in the extract, and
because cortisone may interfere with the detection of sodium-retaining
material in this method. Twenty-eight normal individuals and four patients

with panhypopituitarism were studied in this manner. The results are
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presented in Table XII.

Wide variation in the excretion of sodium-retaining substances
was noted in normal individuals. The values ranged from no effecﬁ to an
equivalent sodium-retaining effect of 15Y of DCA per day. The average
value for males was 6.1Y/day and for females 4.3Y/day. The results of
studies on four patients with panhypopituitarism showed a similar range and
average to that found in normal individuals. Since many of these extracts
were stored in the "dry" state for a number of weeks before assay, and since
this method of storage was later shown to result in marked loss of sodium-
retaining activity, the significance of these values may be questioned. It
is possible that some of the sodium-retaining effect noted in these large
and relatively crude urinary extracts might be due to the presence of toxic
substances.

At this point in the study, the dosage of extract used for each
animal was reduced from approximately 12 hours to 20 minutes. This change
was instituted when Deming and Luetscher (51) reported the presence of a
sodium-retaining factor in "crude lipid" extracts of 20-minute urine samples
in nephrosis and congestive heart failure. The "crude 1lipid" fraction
studied by Deming and Luetscher has also been used in the present investi-
gation for routine assays.

Unless otherwise stated, all values presented in the following
sections were detected at the 20-minute dosage level with "crude lipid"
extracts which had been stored in alcohol, as described. The sodium-24

excretion of the control animals was considered as 100% excretion, and the

sodium-2L excretion of the test animals was expressed as a percent of the
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TABLE XTI

DCA-LIKE SUBSTANCES IN "WATER INSOLUBLE" FRACTIONS OF URINARY
EXTRACTS, BY BIO-ASSAY

Subject  Time-Dose/rat Approx. Approx.
(hrs.) DCA Equiv. (Y) DCA Equiv./Day (Y)
per Sample
Normal Subjects

Males
B.J.K. 10.3 0.0 0.0
J.B. 10.3 5.0 11.7
L.T. 10.3 1.0 2.3
W.2. 10.3 1.5 3.4
S.S. 10.3 6.7 15.4
F.B. 10.3 1.8 4ol
H.S, 11.25 25 5.3
R.P. 11.25 5.0 11.7
c.Y. 11.25 1.5 3.1
M.F. 11.25 0.8 1.7
P.P. 11.25 2.5 5.3
K.P. 11.25 1.0 2.1
N.O. 11.25 L9 10.3
J.S. 13.5 1.9 3ol
N.N, 11.25 5.8 12.2

Average: 6.1
Females
B.3. 10.3 2.1 L.83
H.E, 11.25 3k Tel
S.N. 11.25 0.8 1.7
B.Z. 11.25 1.3 2.7
N.A. 11.25 5.9 12.4
M.T. 11.25 1.7 3.6
J.E, 11.25 0.75 1.6
E.M, 11.25 0.4 0.85
J.S. 11.25 4.0 8.5
S.C. 11.25 0.5 1.07
R.M. 11.25 1.0 2.1
E.C. 11.25 1.0 2.1
M.L. 11.25 3.5 .

Average; L3

Patients with Panhypopituitarism

BoKo 906 5 12'5
E.C. 9.6 3.5 8¢5
F.N. 10.5 0.5 1.1
Re.R. 11.25 1.7 3.6

Average: 6.l



101 L]

controls. Approximate DCA equivalents were determined from the curve

obtained with DCA in absolute alcohol.

Normal Subgects

Adults

Thirteen subjects, eight males and five females, have been.
studied. This group consisted of normal volunteers between the ages of
20 and 35 years, and was composed of university students and members of
the hospital laboratory staff. The results are presented in Table XI171.

The sodium-2L excretion of the test animals was 104.2% of the
control values, which is not a significant effect.  Although there was a
greater excretion of radiocactive sodium in the animals treated with female
urine,.the results are not significantly different from those observed in
males (at the 2% level of confidence). The normal urine having: the
greatest activity produced a sodium-retention similar to that obtained with
2.1Y of DCA equivalents.

Children

Six children ranging from 4 to 13 years of age have been
studied. The results are presented in Table XIV.

The sodium-2/, in the urine of the test animals was 97.1% of
that amount excreted by the control animals, which is equivalent in effect
to less than 1Y of DCA per aliquot. This result is not significantly
different from that observed in normsl adults (P is€0.5). Here again,
some of the extracts were found 'to cause a slight increase in the excretion

of urinary sodium~24, relative to the control animals. The greatest sodium-



TABLE XIII1

EFFECT OF URINARY EXTRACTS OF NORMAL ADULTS ON THE EXCRETION OF SODIUM-24 IN RATS

Subject No. of test rats No. control Urinary Na-24*
animals (% of controls)
Females
R.M, 13 15 117.9
R.C. 8 9 128.5
M. 1. 8 8 116.5
Y.K. 7 9 98.8
L.S. 6 9 98.0
Average: 111.9 * 5.92** 5
N
Males
R.S. 9 8 92.8
M.S. 7 10 105.8
H.R. g 8 7849
E.E. 6 8 98.0
F.J. 6 9 106.1
G.Jl 7 5 92’7
W.W. 5 L 104.5
D.K. 5 b4 92.6

Average: 96.l4 + 3.27**
Overall Average: 102.4% + 3.61%*

*Sodium-24 excretion of control animals was considered as 100%. Values under
100% indicate "sodium retention'.

**Standard Error
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TABLE XTIV

EFFECT OF URINARY EXTRACTS OF NORMAL CHILDREN ON THE EXCRE-

TION OF SODIUM-24 IN RATS

Name Age Sex No. test No. Control Urinary Na-2,*
rats Animals (% of Controls)

I.L. L M 7 8 8l.1

I.G. 5 M 7 9 9.6

3.C. 7 F 8 8 99.7

L.C. 9 M 7 8 72,2

J.S. 11 M 8 12 112.8

M.M. 13 M 7 8 122,1

Average:  97.1 + 7.68%*

*¥Sodium-2/4 excretion of control animals was considered as

100%.

Values under 100% indicate "sodium retention'.

**Standard Error
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retaining effect was obtained in a child of nine. In this case,.the
sodium-2L excretion of the test animals was 72.2% of that of the control
animals, which is equivalent to approximately 2.7V of DCA.

Discussion

The urinary extracts of the normal adults and children studie@
in this investigation caused small fluctuations, both positive and negative,
in the excretion of sodium-2) in test animals, as compared with the controls.
The values obtained in the adult group are similar to those reported by
Luetscher and Deming (106) who found that normal subjects ahd a variety of
non-edematous hospital patients excreted from O to 2.3Y of DCA equivalents,
or an average of l.4T per 20-minute aliquot of urine. No other studies on
normal adults have been published.

Although there is some evidence that sodium is metabolized
differently in children than in adults, particularly with respect to sweat
sodium concentrations in infants (87) and salivary sodium concentrations in
young children (118), the present studies have not shown this to be associated
- with a difference in the amount of "sodium~retaining" lipids in the urine
in children of 4 to 13 years of age. Whitney, Bennett and Li (120) have
suggested that the renal retention of sodium following the administration of
growth hormone to rats in their experiments is related to an expansion of
the extracellular fluid volume. If growth hormone is secreted in normal

children, it may be responsible for the aforementioned tendency to salt

retention.
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Congestive Heart Failure

Seven patients with congestive heart failure have been studied.
These patients have been divided into two groups, depending on their clinical
condition at the time of urine collection. One group consists of patients
who showed symptoms of severe congestive heart failure, while those in the
second group were maintained in a relatively controlled state. The
results are listed in Table XV. (Patients were under the care of Drs. J.
Wener, L. Horlick and P. Pare).

One patient, A.M., wés studied in the severe and controlled states.
While in the severe state, he did not respond to the administered diuretics
and had gained four pounds in the five days before urine collection was
completed. His weight at this time was 172 pounds. Six months later this
patient was again investigated. At this time he was in a more controlled
state, was feeling much better and weighed 162 pounds. He was no longer on
treatment with digitalis. He was, however, receiving a cation exchange
resin. On each occasion urine collections were started three days after the
last mercurial diuretic injection. Etiology and treatment were similar in
the two groups of patients. Two of the severely ill patients were on
mercurial diuretic treatment but were responding poorly. A third patient,
(H.S.) was no longer on this treatment because of failure of response. The
congestive failure in the fourth patient (A.B.) was of recent onset and was
complicated by diabetes. All the patients were on a salt-restricted diet,
all but one (A.B.) were ambulatory, and all but two were receiving digitalis
(A.M. in the controlled state, and L.M.),

The urine of patients in severe congestive failure showed marked



TABLE XV

DCA-LIKE SUBSTANCES IN THE URINE OF PATIENTS WITH CONGESTIVE HEART FAILURE, BY BIO-ASSAY

Subj. Age Sex Etiology Urine Vol. No.days after Other Urinary Na-24* Approx.DCA

(patient) Diuretic Treatment (% of controls) Equiv. (Y)
Severe
H.S. 29 F RHD 270 ml/dy digitalis 577
A.B¥* 56 F ASHD 2240 digitalis 65.3
AJM, 53 M ASHD 525 3 digitalis 6h4e1
A.A. 61 M HCVD 695 6 digitalis 6l.2 s
2
62.3 3.6
o 1,720xx
Controlled
H.S. 60 M RHD 750 7 digitalis 89.0
E.V. 53 M ASHD 915 6 dig. & NH,C1 87.6
L.M,. 5l M HCVD 1480 3 NH401 777
AM, 53 M ASHD 600 3 cation exch. 89.0
resin.
85.8 1.5
+ 2. 73***

*See table XIV. **Disbetic. *** Standard FError
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sodiunm-~retaining activity. A1l the values were greater than those
obtained in the normal adults. The average sodium-2L excretion of
the test animals was 62.3% of that of the control animals. The
difference between these results and those obtained in normal adults
is highly significant (P is40.,001). In terms of approximate DCA
equivalents, the sodium retention produced by these extracts was
similar to that produced by 3.5V of DCA.

The four patients who were in mild failure did not show
as marked sodium-retaining activity as was noted in the severely
congested patients. The average sodium-2/ excretion of the test
animals in this group was 85.8% of the control values. In terms of
dpproximate DCA equivalents, the sodium retention produced by these
extracts was similar to that caused by 1l.57 of DCA. Although these
results are not as striking as those noted in the other group of
patients with congestive heart failure, the activity obtained in this
group was significantly higher than that found in the normal adults
(P is€0.01).

Discussion

The finding of increased sodium-retaining activity in the
urine of patients with congestive heart failure, particularly in
uncontrolled patients, suggests that the accumulation of fluid in this
condition might be related to an excess of circulating salt-retaining
hormone (Fig. 7). The present findings are in agreement with those
of Deming and Luetscher (51) who found, with a similar method of assay,
increased quantities of urinary sodium-retaining substances in five of

six patients with uncompensated congestive heart failure.
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Fig. 7

Effect of urinary extracts obtained from normal individuals
and patients with congestive heart failure on the urinary
excretion of radiosodium in rats. An extract of a 20-minute
sample of urine was used for each rat. Sodium-24 excretion
of control animals was considered as 100%. Values under

100% indicate sodium retention.
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Lasche et al. (93) noted "hypoglycemic unresponsiveness"
and & decreased fall in eosinophils following a test dose of insulin
in this condition, suggesting that there is a decreased ability of
the adrenal gland to secrete "glucocorticoids". The 1l-oxysteroid
excretion was below normal in most of the patients. The finding of
increased circulating ACTH levels in this condition by Bornstein and
Trewhella (94) suggests that there may be a compensatory oversecretion
of this substance on the part of the anterior pituitary. The report
that salivary sodium levels are below normal in congestive heart failure
(88) lends support to the suggestion that there is a relative oversecretion
of "sodium-retaining" corticoids in this condition.

Some reports, however, are not in keeping with this view.
Parrish (91) has found increased urinary "glucocorticoids" (biologically
active) in these patients, and Reynolds (89) has detected normal sodium
concentrations in the sweat. Some of the variations observed may be due
to the fact that the patients were studied at differeﬁt stages of the
disease and that some were ambulatory.

The possibility that some of the mercurial diuretic administered
to the patients may be present in the urinary extract and may be responsible
for the differences noted between the patients with controlled and
uncontrolled congestive heart failure seems very unlikely. Grossman et al.
(201) have studied the urinary excretion of mercury following the adminis-
tration of mercurial diuretics to normal individuals and patients with

congestive heart failure. About 60 to 95% of the injected mercury was

excreted in the urine during the first 24 hours. - Mercury continued to
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appear in the urine for the next day or two in highly variable amounts.
Neither ammonium chloride which enhances, nor DCA which inhibits the
diuretic response to mercurials affects the renal excretion of mercury.
Thus, it is hardly likely that much mercury would be present in a 20-minute
aliquot of urine excretion, since none of the urine collections were
started less than 72 hours after the last injection of the diuretic.
Whether mercury is excreted in a "diuretic" form and whether it would be
extracted from the urine by chloroform, is not known.

Clinically, & reduced glomerular filtration rate has been
observed in most patients with congestive heart failure (74,75,76,77).
Many investigators assumed that tubular function was normal in this condition
but this has recently been questioned by White and his associates (82,83).
They were able to show that a reduced glomerular filtration rate in
hypophysectomized dogs, supported by DCA therapy, is not necessarily
accompanied by electrolyte disturbances. Also, Goldman (79) has recently
studied diurnal variations in the output of electrolytes and water in
congestive heart failure and found evidence that there is an alteration in
renal tubular function in this condition. It would appear, therefore, that
reduced salt excretion in congestive heart failure may be influenced not
only by ischemia, increased venous pressure and diminished glomerular
filtration, but also by increased tubular reabsorption due, possibly, to
an increase in circulating salt-retaining corticoids.

It is becoming increasingly evident that congestive failure and
the development of edema is a complicated process due to many interacting

factors. From recent studies it appears that not only the heart and kidney
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but also the antidiuretic factor of the posterior pituitary and the 'sodium-
retaining" factor of the adrenal cortex may play a role in this condition.
The importance of each factor, however, cannot be ascertained with the data

available at the present time.
Nephrosis

Eleven nephrotic children, between the ages of 18 months and
seven years, have been studied. One patient (J.P.S.) was at the Royal
Victoria Hospital, all others were under the care of Dr. F. McCall, of the
Children's Memorial Hospital. The results are presented in Table XVI.

These patients have been studied at three different stages:

i) while actively accumilating edema fluid, ii) while edematous but not
accunulating any more fluid, and iii) during diuresis. Most of the
patients were studied in more than one phase.

Of the nine patients who were observed during the period of
"accumulation", eight showed ma?ked sodium-retaining activity in their
urinary exéracts. The ninth patient, D.W., was very ill and excreted very
little urine with reduced urinary creatinine values. The results obtained
in this group of children have been compared with those obtained in normal
children in Fig. 8. It is noted that the sodium excretion of the test
animals treated with urinary extracts obtained from the nephrotic children
was 61.2% of the control values, as compared with 97.1% obtained from normal
children. The difference between the groups is significant (P is¢0.01).
The effect of these extracts was equivalent to that obtained with 3.8 of DCA.

Six determinations have been made in four nephrotic children



TABLE XVI

DCA~LIKE SUBSTANCES IN THE URINE OF PATIENTS WITH THE NEPHROTIC SYNDROME, BY BIO-ASSAY

Subj. Date Age Sex History Extent of Edema Course Urine Vol. Urinary Na-24* Approx.
ng.[da¥) (% of controls) DCA Equiv.

[ N PSRN

44
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Effect of urinary extracts obtained from normal children
and patients with nephrosis during the "fluid accumula-
tion" phase on the excretion of sodium-24 in rats. An
extract of a 20-minute sample was used for each rat.
Sodium~-24 excretion of control animals was considered as
100%. Values under 10073 indicate sodium-retention.
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who were in a "static!" state with respect to their edemé. These patienté.
apparently had stopped accumulating fluid at different edematous stages.
Marked sodium-retaining activity was detected on only one occasion. This
patient, A.C., was very edematous and excreted very little urine. His
weight had been stationary for some time and continued to remain at the same
level for a few days after completion of the urine collection. It is possi-
ble, however, that he was actually gaining edema fluid during this period
since the losses in weight due to urinary albumin may have been replaced

by increases in body water.

The patient J.S. was studied during the "accumulation" phase
and in the stationary phase while on intravenous ACTH. His urine output
increased while on ACTH partly because his water intake was increased and
partly because the patient was no longer accurmlating fluid. The marked
sodium-retaining effect (radiosodium excretion waé 56.2% of control values)
observed before ACTH treatment was no longer e#ident after he had stopped
accumulating fluid while on intravenous ACTH therapy.

Three patients, S.L., J.M. and H.McD., were studied during the
fluid accumulating phase and during diuresis while still on ACTH or
immediately following ACTH therapy. In the patient S.L., the water diuresis
was accompanied by an increased salt excretion as well. In the second
case (J.M.), a water diuresis, occurring cn the 13th day of ACTH, preceded

the salt diuresis. The urinary sodium values were not determined in the
third case (H.McD.) The urinary sodium-retaining activity in the urine of

these three nephrotic patients, before and after diuresis, is presented in

Fig. 9. It is seen that the marked sodium-retaining effect observed when
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Sodium-retaining activity in the urine of children with
nephrosis, before and after diuresis. An extract of a
20-minute sample was used for each rat. Sodium=24
excretion of control animals was considered as 100%.
Values under 100% indicate sodium retention.
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the patients were accumlating fluid (radiosodium excretion was 60.8% of
the control values) had decreased to the normal range (98.7% of the control
values) during the phase of diuresis.

Discussion

This finding of increased urinary sodium-retaining activity
during the phase of edema formation, and disappearance of activity during
the static phase or the phase of diuresis, suggests that there is an
increased secretion of "salt-retaining" corticoids during the phase of
edema formation in the nephrotic syndrome, and adds to the growing body of
evidence that adrenal cortical function is in some way related to the salt
and water disturbances of this condition. The results are a confirmation
of the work of Deming and Luetscher (51,100,106) who, using a similar assay,
found increased amounts of DCA-like subétances in the urine of most patients
with nephrosis. These values fell to normal during a diuresis produced
by the administration of ACTH, cortisone or salt-poor serum albumin.

Some of the strongest evidence in support of the theory that
disturbed adrenal cortical function may play an important role in the
nephrotic syndrome is based on the fact that the administration of ACTH or
cortisone frequently results in loss of edema fluid. The frequent
remissions following infection with malaria (112,113) and measles (111 have
also been attributed to the release of ACTH with subsequent activation of
the adrenal cortex. These findings, plus the fact that the urine of the
patients contained a high degree of sodium-retaining activity, suggests that
the beneficial effects of these substances or conditions are due to a

counteraction of "salt-retaining" hormones by "glucocorticoids". This is
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further supported by evidence that the urinary "formaldehydogenic" steroids
are reduced in this condition (personal communication Dr. F. McCall)
although the possibility that this is due to renal retention of the substances

has not been eliminated.

Cirrhosis with Ascites

Three patients with cirrhosis and ascites have been studied.

The results are presented in Table XVII. Two of these patients (C.C. and
E.D.) were under the care of Dr. R. Laing of the Montreal General Hospital,
while the third (S.G.) was studied at the Royal Victoria Hospital. " Although
all the patients had cirrhosis with ascites at the time of urine collection,
they were not by any means at the same stage of the disease.

Patient P.J.W. was studied within a few days of admission to
hospital while he was still severely ill and before any special treatment
had been instituted. Death occurred two months later. The extract of his
urine caused a marked sodium retention in the assay, i.e. the sodium excretion
of the test animals was 62.7% of that of the control animals.

Patient S.G. had been placed on a low salt, low fat, high caloric
diet for two weeks, and was considerably improved at the time of urine
collection. The extract of this patient's urine was mildly "sodium-
retaining”. The sodium-2) excretion of the test animals was 76.1% of the
control values, which is just below the lower limit observed in normal adults.

Patient E.D. was studied ten days after admission to hospital
while he was on a high protein, low fat diet. He improved continuously in

the two and a half weeks he was in hospital and lost ten pounds in this period.



TABLE XVI1

EFFECT OF URINARY EXTRACTS OF PATIENTS WITH CIRRHOSIS AND ASCITES ON THE
EXCRETION OF SODIUM-24 IN RATS

Subject Age Sex Treatment Course of Urine Vol./day Urinary Na-24*
Disease (patients) (2 of controls)

*8TT

P.J.N. 57 M Died 2 705 cc 62.7
months later

S.G. 57 M Diet Improved . 960 76.1

E.D. 52 M Diet . Improved 1360 206.4

*Sodium-24 excretion of control animals was considered as 100%. Values under
100% indicate "sodium retention"
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The extract of this patient's urine was markedly “sodium~excreting®, i.e.
the radiosodium excretion of the test animals was 206.4% of the control
values.
Discussion

| A recent report by Bongiovanni and Eisenmenger indicated that
there was a high degree of sodium-retaining activity in the urine of two
of eight patients with Laennec's cirrhosis (138). Urines of the other
six patients also showed these effects but their importance could not be
determined because of difficulty with controls, These patients had
subnormal sodium concentrations in sweat and saliva (137,138) which is
regarded by some to be an indication of increased "salt and water" hormonal
activity of the adrenal cortex (22,23,24,139,187).

From the three values obtained in the present study, it is
apparent that urinary extracts of patients with cirrhosis and ascites may
have different effects in the assay. The results are consistent with the
view that the period of accumulation of ascites is associated with increased
levels of circulating "sodium-retaining” substances, and that the period
of lmprovement is associated with a relative increase in the level of
circulating sodium-excreting substances,

Although further study is indicated, the finding of a marked
sodium-retaining effect in the urine of a patient who was accumulating
ascitic fluid suggests that a salt-retaining substance, possibly of adrenal

cortical origin, may be a factor contributing to the retention of salt

and water in cirrhosis, How this is related to such factors as the

Presence of excessive quantities of antidiuretic hormones, the portal
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hypertension and hypoproteinemia observed in this condition remains to be

determined.

Essential Hypertension

Four patients, three females and one male, with "essential
hypertension" have been studied. The results are presented in Table XVIII.
(The patients were under the care of Dr. J. Wener) .

Two of the patients, B.B. and A.P., were receiving treatment
with an ion exchange resin and the other two were untreated except for a
salt-restricted diet. The values obtained with the urinary extracts of
this group of patients ranged from 87.2 to 107.0% of the control values,
with an average of 95.6%. The effect of these extracts on the sodium=24
excretion of test animals was similar to that obtained with extracts of
urine from normal individuals. In terms of the effect of DCA, the sodium-
retention produced by these extracts was equivalent to less than 1Y.
Discussion

Although there is considerable evidence that the adrenal cortex
may play a role in the development of experimental hypertension in animals
(148), the etiology of "essential hypertension" in man is not known.

Some evidence exists for a slight retention of sodium in man (150) and in
animals (202) but this has not been found by all investigators. Eisenberg
et al. (186) found normal sweat electrolyte concentrations in 35 patients
with "essential hypertension" and Stamler and co-workers (203) have
observed no disturbance in the pattern of strong electrolyte excretion in

Goldblatt hypertensive dogs. Urinary chemical corticoid studies in
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TABLE XVIII

EFFECT OF URINARY EXTRACTS OF PATIENTS WITH ESSENTIAL

HYPERTENSION ON THE EXCRETION OF SODIUM-24 IN RATS

Subj. Sex Age No.test Urinary Na-24* No. Control

rats (% of controls) Animals
B.B. L6 8 107.0 7
A.P. 65 8 93.9 7
R.A.G. 51 6 9,42 8
G.M. 50 6 87.2 8

Average: 95.6%

*Sodium-2)4 excretion of control animals was considered

as 100%.

Values under 100% indicate "sodium retention".
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"egsential hypertension” have indicated that they may be either elevated
(153) or'mormal" (152,154). This type of corticoid determination does
not, however, differentiate between the "sodium-retaining" or other corti-
coids which may be secreted by the adrenal gland.

The results of the present study do not suggest that there is
a relative increase in the excretion of "salt-retaining" lipids in
"essential hypertension".  Although two of the patients were on ion ex-
change therapy, it is not believed that this affected the assay because the
| resin is not absorbed from the gut. The values obtained with the urinary
extracts of.these patients were similar to those noted inthe untreated
patients. The fact that the studies were performed on "crude lipid"
extracts at only one dosage level introduces some difficulty in the inter-
pretetion of the negative findings noted here. Studies of the dosage-~
response curves of two extracts of nephrotic urine have indicated that
interfering substances may be present at the 20- or 30-minute dosage levels.
As similar studies have not been performed in this condition, the possibi-
lity that interfering substances may have masked the activity of these
extracts has not been ruled out. The suggestion that interfering substances
may be present in these extracts is supported, in this instance, by the
theory of Corcoran et al. (204) which postulates that experimental renal
hypertension is associated with excesses of both renin which is "sodium-

excreting", and DCA-like corticoids which are "sodium-retaining". If
this theory is applicable to "essential hypertension" in humans, and if

renin is present in the urinary extracts of these patients, the two effects

may cancel each other out, explaining the findings of the present study.
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Before conclusions on this subject can be reached, a more detailed study
should be carried out at different stages of the disease using various
time-dosages other than the 20-minute level and more highly purified

urinary extracts.

Acute Rheumatic Fever

Eleven cases of rheumatic fever in children of 4.5 to 14 years
have been studied. The results are presented in Table XIX.

KMthough a diagnosis of acute rheumatic fever was made in every
case, there was considerable variation in the clinical state of these
patients. The disease has been characterized as very mild, mild, moderate-
ly severe and severe on the basis of the severity of symptoms. Temperatures
taken at the time of urine collection did not always parallel the severity
of the condition of the patient. The results sﬁow that there is a wide
variation in the effect of these urinary extracts on the excretion of
sodium-24 in test animals. The values range from 55.4% to 110.7% of the-
control values, with a mean of 82.4%. Although the mean value is lower
than that found in normal children, the difference is not significant (P is
{0.2). The variations in results cannot be correlated with the severity
of the rheumatic condition or degree of fever of the patienﬁ at the time
of study, nor do the results appear to have any direct relation to the urine
volumes.

Discussion

The predominantly negative results in this group of patients

(Fig. 10) are difficult to interpret because of the finding that the urinary



TABLE XIX

EFFECT OF URINARY EXTRACTS OF PATIENTS WITH ACUTE RHEUMATIC_FEVER ON THE

EXCRETION OF SODIUM-2)4 IN RATS

Subject Age Sex  Condition Temp. Urine Vol. Urinary Na-24*
(Rheumatic) (patient) (% of controls)
G.R. L.5 M severe 100-101° 450 ml/dy 5544
A.B. 10 M mild no fever L68 63.1
c.C. 10 M mod. severe 103° 825 70.0
D.M. 10 F mild 53}, 73.4 _
A.L. 10 M mod . severe 103° 750 77.8 S
E.R. 7 F mild no fever 950 78.6 *
A.B. 13 M mod.severe 100° 480 81.0
E.C. 11 M  very mild 1030 592 81,7
R.T. 11 M mod. severe 1039 4110 102.6
J.P.Y. 10 M severe. 101° 770 109.6
D.L. 14 M severe 103° 650 110.7

8.4 + 5.49™F

*Sodium-2) excretion of control animals was considered as 100%. Values
under 100% indicate "sodium retention'.
**¥Standard Error.
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Effect of urinary extracts obtained from normal children
and children with acute rheumatic fever on the excretion
of sodium-24 in rats. An extract of a 20-minute sample
was used for each rat. Sodium=2/ excretion of control
Values under 100%

animals was considered as 100%.

indicate sodium retention.
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"formaldehydogenic corticoids" are frequently elevated in rheumatic fever
patients who are febrile (personal communication Dr. F. McCall, Children's
Memorial Hospital). If these "corticoids" are predominantly of the
"glucocorticoid" type there is evidence, from studies described elsewhere
in this report, that they may mask the effects of sodium-retaining substan-
ces. Thus, a patient with rheumatic fever with elevated temperature may
have increased amounts of both types of corticoids in his urine, resulting
in a negative effect in the assay. The relative excess of "salt-retaining"
corticoid postulated in this condition may, if present, be detectable only
at lower time-dosages such as 5 or 10 minutes, in which the concentration

of interfering substances ié too low to have a masking effect in the assay.

Post-Operative State

Six patients with gastric ulcer have been studied during the
first eight days following gastrectomy. Random assays from the fifth to
the eighth days were performed on five patients, while a sixth was studied
before operation and on five occasions during the first eight post-operative
days. The results are listed in Table XX.

Of the five patients studied at random, the urinary extracts of
two showed marked sodium-retaining effects on the sixth post-operative day.
The sodium-2L excretion of the test animals was, respectively, 43.8 and
60.4% of the control values. In the sixth patient, the greatest sodiume
retaining effect was observed on the seventh post-operative day. In this
instance, the radiosodium excretion of the treated animals was 59.5% of

that of the control animals. The results obtained in this patient are



TABLE XX

DCA-LIKE SUBSTANCES IN THE URINE OF PATIENTS FOLLOWING GASTRECTOMY, BY BIO-ASSAY

No. Subj. Sex. Day Urine Vol. Urinary Na Urinary Na-24*  Approx.
(patient) (patient) (% of controls) DC%Ygiquiv.

1 E.K. M 5th post-op. 795 ml/dy  1.89 gn/dy 110.4
2 J.T. M " " 1010 2.27 126.0
3 RM. M 6th " 770 100.0

L B.MeB. M " " 605 L3.8 6.0

5 L.O'H. M " " 893 0.05 60.4 4.0
n 8th " 720 0.24 116.7

6 G.J. M 1st pre-op. 1800 2.92 92.7 0.6
" 2 & 3 post-op. 1996 0.21 117.5

" 5th " 625 0.53 91.8 0.8

i 6th n 920 1.55 76.5 2.4

" Tth " 850 2,02 59.5 Lol

n 8th " 1140 3.32 73.8 2.6

*Sodium-2h excretion of control animals was considered as 100%. Values under

100% indicate "sodium retention".

*LeT
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illustrated in Fig. 11. On the first pre-operative day, the sodium-
retaining effect was within the range obtained in normal individuals. On
the second and thifd post~operative days, the extract produced a mild
increase in the urinary sodium-24 excretion. By the fifth day the "sodium-
excreting" effect was no longer present; on the sixth day a mild sodium-
retention was observed; on the seventh day the sodium-retention was quite
marked and on the eighth post-operative day the "sodium-retaining" effect
appeared to be wearing off.

The levels of urinary sodium in the urine of these patients did
not always correlate with the "sodium-retaining" effects of the urinary
extracts. However, the dietary sodium of these patients could not be
controlled in the post-operative period.

Discussion

The "sodium-retaining" activity which was demonstrated on the
sixth and seventh post-operative days in three patients of this group is in
keeping with the findings of Johnson, Conn and Iob (165) who showed that
thé most marked decrease in sweat sodium concentration occurs between the
fifth and eighth post-operative days. The increase in "glucocorticoid"
excretion which has been demonstrated following operational stress (163,164)
may be responsible for the delay in the appearance of these substances in
both studies. The final appearance of ﬁhe effect may be related to a
decrease in the secretion of "glucocorticoids" from the very high levels of
the immediate post-operative period. This is indicated by the return of

the circulating eosinophils to normal levels in the patients studied by

Johnson and his associates.



129.

OPERATION
120 = T
] [
|
100 - ;
‘ - |
URINARY &5 |
SODIUM -24 I
AS % OF GONTROL 3 :
VALUES 60 |
- |
I
40 4 I
4 |
|
|
|
|
o . SO
Ol 2 3 4 5 6 7T 8 9 10

PRE AND POST-OPERATIVE DAYS

Fig. 11

Effect of urinary extracts obtained following

gastrectomy on the excretion of radioscdium in

rats. An extract of a 20-minute sample of
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The present findings suggest that following the stress of surgery
in man there is not only an increase in the secretion of "glucocorticoids"

but alsc an increase in the secretion of "salt-retaining" substances.

Late Pregnancy

Toxemia of Late Pregnancy

Five patients with toxemia of pregnancy have been studied.

Urine was collected from these patients as soon as possible after admission
to hospital, and while symptoms were still present. The results are listed
in Table XXI.

Albuminuria, edema and hypertension were present in all cases
with the exception of A.P., who had no visible edema but was admitted in
convulsions. The patient F.F. had been suffering from diabetes for a
nunmber of years and had shown signs of toxemia in a previous pregnancy.

Each of the patients was in her eighth or ninth month of pregnancy. All
the urinary extracts obtained from these patientsm showed a marked "sodium-
retaining" activity in comparison with normal women. The average sodium-24
excretion of the test animals of this group was 61.7% of the control values,
which is equivalent in effect to 3.8Y of DCA.

The findings on one patient where the diagnosis of toxemia of
pregﬁancy was questionable have been included at the bottom of the same
table. This woman (M.Mu.) had ankle edema from the onset of pregnancy, a
symptom not generally found in patients with true toxemia of pregnancy.

The results on this patient differ considerably from those noted in the

patients with toxemia of pregnancy but are, in fact, similar to those noted



TABLE XXT

DCA-LIKE SUBSTANCES IN THE URINE OF PATIENTS WITH TOXEMIA OF PREGNANCY, BY BIO-ASSAY

Subject Symptoms Urine Vol. Urinary Na-24* Approx.
(patient) (% of controls) DCA Equiv.(Y)
F.F. Diabetes,Edema,s4+ Albumin, 370 ml/dy 52.5 Le7
Hypertension. _
M.L. Edema,Urine Albumin, 785 Y 3.6
Hypertension. &
A.P. Convulsions,3+ Urine Albumin, 750 66.4 3.3 e
Hypertension.
M.M. Edema,3+ Urine Albumin, 650 56.3 Le3
Hypertension, Jaundice
S.B. Hypertension,Urine Albumin, 720 69.2 3.1
Edema

61.7 + 3.16** 3.8

Questionable Toxemia of Pregnancy

M.Mu. Ankle Edema since onset of 520 114.0
Pregnancy, Nausea.

*Sodium-21+ excretion of control animals was considered as 100%. Values under 100%
indicate "sodium retention'.
**Standard Error.
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with urinary extracts obtained from normal non-pregnant women. This
patient was included because she ié typical of the vast majority of patients
who were admitted to hospital for investigation of possible toxemia of
pregnancy. Very few of them have more than one, or at most two, of the
symptoms of toxemia and frequently these are mild and transitory.

Normal Late Pregnancy

Four normal women, in their eighth and ninth months of pregnancy,
have been studied. The results are presented in Table XXII.

None of the urinary extracts obtained from these patients had a
"sodium-retaining" effect in the assay. The average sodium-24 excretion -
of the test animals was 98.9% of the control values. Since the urinary
extracts obtained from non-pregnant women produced a "sodium-excreting"
effect in the assay (test animals excreted 111.9% as much sodium-24 as the
control animals), the effect of the extracts obtained from pregnant women
is relatively "sodium-retaining". However, the difference between the
groups is not significant (P is ¢0.1).

Discussion

A comparison of the effects of extracts of urine obtained from
normal women, normal pregnant women and women with toxemia of pregnancy,on
the excretion of sodium~24 in rats,reveals that the urinary extracts (Fig.12)
obtained from normal pregnant women tend to cause a mild "sodium-retention"
in the assay, and that this is greatly exaggerated in toxemia of pregnancy.
This confirms the work of Chart et al. (171) who noted, with a similar
method of assay, a marked increase in the excretion of a "sodium-retaining"

factor in toxemic pregnancies. Bush et al. (205) have recently reported
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TABLE XXTI

EFFECT OF URINARY EXTRACTS OF NORMAL PREGNANT WOMEN ON THE

EXCRETION OF SODIUM-24 IN RATS

Date of Date of
Study Delivery

Subj.

Urine Vol. Urinary Na-24*
(patient) (% of controls)

Feb., 5/52 Mar.5/52
Feb.28 Apr.7
Mar. 3 Mar.5

Mar. 6 Mar.9

R.R.

R.B.

R.Ml

S.K.

1920 ml/dy 91.6

1100 110.0
665 - 96.9
520 97.1

98.9 + 3.,92%*

*Sodium—2h excretion of control animals was considered as
100%. Values under 100% indicate "sodium retention'.

**Standard Error.
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the presence of two unidentified compounds in extracts of pregnancy urine
which appear to be identical with two compounds present in the "amorphous
fraction" of adrenal extracts. This is of particular interest because
the amorphous fraction is most active with respect to sodium retention.
It would be of great value to know whether the output of these compounds
is increased in patients with toxemia of pregnancy.

Studies of protein and carbohydrate metabolism have led
Mukher jee, Govan et al. (179,180) to believe that there may be an increase
in "corticotrophic!" hormone ahd, possibly, growth hormone in toxemic preg-
nancies. These conclusions were based on the finding of a reduced
sensitivity to insulin and a relatively reduced nitrogen balance which could
not be accounted for solely on the basis of the albuminufia. It is
possible that the increased excretion of salt-retaining substances noted
in the present study and in that of Chart and his associates may be related
to a disturbance in pituitary function with respect to ACTH and/or growth

hormone secretion.

Acromegaly, and Effect of Growth Hormone

Acromegaly

Four patients with acromegaly, two men and two women, have been
studied. The results are presented in Table XXTIII.

A high degree of sodium-retaining activity has been observed in
the extracts of three of the four patients. The average sodium-2/ excretion
of the test animals was 68.4% of that of the control animals. One patient,

J.G., was on estrogen therapy ( 3 mgm. of stilbestrol per day) at the time
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TABLE XXIIT

EFFECT OF URINARY EXTRACTS OF PATIENTS WITH
ACROMEGALY ON THE EXCRETION OF SODIUM-24 IN RATS

Subject Age Sex No.of No.Control Urinary Na-24*
rats Animals (% of controls)

EV. L4, M 5 5 60.6%*
R.B. 33 M 5 7 L9.8¥*
J.G. 33 F 8 9 67.9
M.O. L4 F 7 11 95.3

Average: 68.4

*Sodium-24 excretion of control animals was considered
as 100%. Values under 100% indicate "sodium retention'.

**Stored in "dry" state for two or three days
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of study. It is unlikely that this treatment was responsible for the
effect observed with this patient's urinary extract, since the excretion
of estrogenic material following the administration of stilbestrol is not
significantly increased (unpublished work - McGill University Clinic).

Effect of Growth Hormone

The effect of the intravenous injection of growth hormone on
the activity of urinary extracts of two normal malé subjects has been
studied. The growth hormone experiments were part of a larger study
conducted by Drs. Carballeira, Flrick et al. (in press), at the McGill
University Clinic. The results are presented in Table XXIV.

Pretreatment values were obtained with urine collected two days
before hormone therapy. Post-treatment values were obtained with urine
excreted in the first six hours following the intravenous injection of
2 mg./kilo (D.K.) or 1 mg./kilo (W.W.). 1In both cases, after administration
of growth hormone, there was a marked sodium-retaining effect in the urinary
extracts which was not present before treatment. The effect of 1 mg./kilo
was as great as that noted with 2 mg./kilo. The sodium-24 excretion of
the test animals following the administration of growth hormone was 62.5%
of the control value in one case (D.K.), and 57.0% in the other (W.W.).
Before treatment, values of 92.6% and 104.5%, respectively, had been obtained
with the urinary extracts of these subjects.

Discussion

It is thought that the increase in urinary sodium-retaining lipids

observed in these experiments actually resulted from the treatment with

growth hormone. This assumption is supported by the fact that the growth
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TABLE XXIV

EFFECT OF GROWTH HORMONE ON THE URINARY EXCRETION OF
SODIUM-RETAINING MATERIAL IN NORMAL ADULT MALES

Expt. Subject Treatment No. test No.Control Urinary Na-24*
rats Animals (% of Controls)

L6 a D.K. Pretreatment 5 N 92.6

45 d " 2 mg/kilo 7 8 62.5

Growth Hormone

L6 a W.W. Pretreatment 5 L 104 .5

L5 ¢ " 1 mg/kilo 6 6 57.0

Growth Hormone

*Sodium-24 excretion of control animals was considered as 100%.
Values under 100% indicate "sodium retention".
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hormone used in these experiments was relatively free of ACTH and other
impufities, and that neither of the two subjects showed a fall in
circulating eosinophils following its administration. The detection of
Ysodium-retaining" activity in the urine of three of four patients with
acromegaly may be taken as additional evidence for this view, if it is
agreed that this condition is associated with an increased secretion of
growth hormone.

These results are of interest in view of recent studies on
growth hormone by several groups of investigators. Stack-Dunne and Young
(184) have found an "adrenal-weight-stimulating factor! in growth hormone
and ACTH preparations. The adrenal-weight-stimulating effect of growth
hormone preparations has also been observed by Selye (182) who postulated
that this substance may stimulate the adrenal cortex to secrete "mineralo-
corticoids" or may sensitize the body to the action of these substances.
Whitney, Bennett end Li (120) have noted that growth hormone produces a
retention of sodium as well as of potassium in normal female rats. They
believe that this is related to an expansion. of the extracellular fluid
space.

The present findings, plus those of others mentioned here,
suggest that growth hormone administration of secretion may, in some way,
result in the increased release of "sodium-retaining" substances from the

adrenal cortex. Further work on this point is indicated.
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GENERAL DISCUSSION

Results of the present investigation show that the excretion of
#sodium-retaining" substance: was above "normal" in a number of patients with ~
congestive heart failure, nephrosis, cirrhosis and toxemia of pregnancy
while they were accumulating edema or ascitic fluid. This would suggest
that an increased secretion of this substance may actually be directly
related to the accumulation of fluid observed in these patients.

Studies of the solubilitj properties of the active material
which was extracted from acidified urine with chloroform iﬁdicate tha@ it is
a lipid which is relatively insoluble in dilute alkali. Although these
properties are characteristic of many steroid hormones, it is not known
whether the active substance is, in fact, related in structure to these
compounds, The development of newer methods for the detection of steroids,
such as adrenal-gland-perfusion and paper partition chromatography indicate
that the predominant secretory products of the adrenal cortex are 1l7-hydroxy-
corticostercne and cortisone (29,46,47,205) which do not have ﬁarked " 5044 um-
retaining" effects. Small quantities of substances with many of the chemical
properties of DOC and 17-hydroxy-ll-desoxycorticosterone have been detected
in beef-adrenal extracts (31), beef-adrenal-gland perfusates (29), pooled
normal human urine treated with B-glucoronidase (32, Pe 506), and "quick-
frozen' hog adrenal glands (29, p. 241). However, it is not known
whether they were present in sufficient quantity to be of physiological
importance. Bush and his associates were unable to detect either of
these compounds, but have found two steroids in dog adrenal-vein blood
and pregnancy urine whose Rf values corresponded with two similar com-

pounds in the "amorphous" fraction which is highly active with respect



141.

to sodium-retention (47,205). It is possible thet one of these compounds
may be similar to a highly active "mineralocorticoid" recently separated
from adrenal extract by Grundy et al. (39) using paper chromatographic
procedures. This substance, or a similar one, has also been detected in
extracts of adrenal venous blood taken from a monkey and a QOg (206).
Studies should be cagried out to determine whether the activity observed
in the present study was due to the effect ofione of these substances.
Although the urinary extracts obtained from normal individuals
did not show a significant sodium-retaining effect in the present assay, a
high degree of activity was found in the urine of normal subjects following
the intravenous administration of growth hormone. This effect of growth
hormone suggests that the excretion of an increased amount of "sodium-
retaining" substences in some conditions may be related to an oversecretion
of growth hormone. This is further supported by the fact that sodium-
retaining activity was observed in the urine of three of four patients with
acromegaly. Unfortunately, little is known about the mechanism of the
release of this hormone or about its presence in the circulation in man.
Although it has never been demonstrated, it is possible that the secretion
of growth hormone may, in some way, result from a relative decrease in
"anabolic!" functions within the body. If this is so, then there are
certain disturbances in the aforementionel conditions which may act as
stimuli for the release of growth hormone. These include the negative

nitrogen balance following operational stress, the albuminuria of nephrosis,

the hypoalbuminemia of cirrhosis and the "relatively" negative nitrogen

balance (179) in toxemia of pregnancy.
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Although an increased excretion of the "salt-retaining" factor
was not detected in "essential hypertension" and in most cases of acute
rheumatic fever, the possibility exists that this was due to an interfering
substance in the extract. Dosage curves of several urinary extracts
prepared from nephrotic patients have indicated that the dosage level at
which interferences are detectable may be different for each extract. In
view of this, and until more highly purified extracts can be investigated,
it would be advisable to study various time-dosages in those cases where
activity was not detected at the level used for routine assays, i.e.

20 minutes.
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SUMMARY AND CONCLUSIONS

A method for the biological assay of small quantities of
sodium-retzining substances in human urine has been developed. It is
based on the eicretion of a dose of sodium-24, within a five-hour period,
by adrenalectomized rats kept under standard conditions.

DCA was found to be sodium~retaining between the dosages of
1 to 20Y per rat. A linear relation was noted between the log of the
dosage and the urinary sodium-24 excretion expressed as the ratio of
test to control animals studied at the same time. When results were
expressed in this manner variation from tést to test was reduced to a
minimum. With small groups of animals (circa 6 to 10 per group) signi-
ficant sodium-retention occurred between the 2 and 57 dosage levels.

Cortisone caused mild to marked sodium~excreting effects on
some but not all occasions between the dosage range of 1 to 52.5Y per rat.

’Urinary extracts were prepared by extraction with chloroform.
The urine was acidified to pH 1.5 before extraction. Storage of the
extracts before assay in the ﬁdry" state, at room temperature, frequently
resulted in losses of "sodiumeretaining" activity with time. Refrigeration
of the éxtracts in aﬁsolute alcohol in sealed ampoules prevented these
' iosses in activity for at least six weeks, the longest period studied.

An extract of a 20-minute urine sample was used for each rat
in routine assays. Assays of various time~-dosages of two extracts of
urine obtained from patients with nephrosis gave maximum sodium-retaining
effects at the ten and twenty-minute dosage levels in one case and the

twenty-minute level in the other. Higher dosage levels were associated
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with reduced effects in both cases. The possibility exists that cortisone
may act as one of the interfering substances in these assays.

Studies on the effect of alkali washing on the activity of
the urinary extracts of two nephrotic patients indicated that the active
material was relatively inscluble in dilute-alkali.

The urinary extracts of thirteen normal adults, eight males
and five females, caused mild fluctuations, both positive and negative,
in the excretion of sodium-24 of test animals. The sodium-24 excretion
of the test animals was 104.2% of that amount excreted by the control
animals. The difference between males and females was not significant
although the urinary extr;cts of the females had a greater "sodium-excreting"
effect than those of the males. Significant quantities of "sodium-
retaining" material were not detected in the urine of six normsl children,
ranging in age from 4 to 13 years. The test animals treated with extracts
prepared from the urine of these subjects excreted 97.1% as much sodium-2J
as the control animals.

Eight assays have been performed on urinary extracts obtained
from seven patients with congestive heart failure. Marked "sodium-
retaining” effects were noted in the "controlled" and "uncontrolled" patients.
The sodium-2/, excretion of the test animals was 85.8% and 62.3% of the
control values, respectively. Both values were significantly different
from those obtained with urine of normal adults. In terms of DCA equivalents.
these extracts had an average effect equivalent to 1.5 and 3.6Y respect-
ively.

Eleven nephrotic children, from eighteen months to seven years

old, have been studied. Eight of nine patients who were retaining fluid
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at the time of study had marked "sodium-retaining" activity in their
urinary extracts. The test animals treated with these extracts excreted
61.2% as much urinary sodium-2/ as the control animals. This value is
significantly different from that obtained with extracts of urine of
normal children, and is equivalent to that obtained with 3.3V of DCA.

Six determinations were performed on the urinary extracts of four patients
who were edematous but static with respect to their edema. Marked sodium-
retaining activity was detected only in one instance. The activity
detected in the urine of three patients before therapy was no longer
evident when the patients were studied during diuresis following ACTH
therapy.

Three patients with cirrhosis and ascites were studied. A
marked sodium-retaining effect was obtained with the urinary extract of
the one patient of this group who was accumulating fluid at the time of
study. A mild sodium-retaining effect and a marked sodium~excreting effect

.was obtained with the urinary extracts of two other patients who were
studied during a period of improvement with respect to ascites.

Ixtracts of urine from four patients with essential hypertension
did not have a different effect on the excretion of sodium-24 in rats from
that noted with urinary extracts obtained from normal individuals.

Three of eleven children with acute rheumatic fever had marked
"sodium~-retaining" activity in their urinary extracts, while the others
showed values within the normal range.

A high degree of ''sodium-retaining" activity was noted in the

extracts of urine of three patients on the sixth .. seventh day following
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gastrectomy. In three other patients, assays carried out on the fifth
and sixth post-operative days did not show any sodium~-retaining activity.

The urinary extracts obtained from four normal women in their
eighth and ninth months of pregnancy were slightly, though not significantly
more "sodium~retaining" than those of normal non-pregnant women. The
urinary extracts of five patients with toxemia of pregnancy contained
substances which were very active in their effect on the urinary sodium-24
excretion of test animals. The quantity of urinary sodium-24 in these
animals was 61.7% of the control values, and was equivalent to that
observed with 3.8Y of DCA.

In two normal adults there was a marked increase in the
excretion of "sodium-retaining" substance following the intravenous admin-
istration of 1 or 2 mg./kilo of growth hormone. The urinary sodium-24
excretion of the test animals fell from 104.5% of the control values,
before treatment, to 57.0% and from 92.6% to 62.5% of the control values,

respectively.
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