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Effects of Valine-5 Angiotensin I1 on Excretion of Water and Salt in 
Primary and Secondary Hypertension." (26804) 

F. DEL GRECO 
Department of Medicine, Passavant Memorial Hospital and Northwestern University 

Medical School, Chicago, Ill. 

Intravenous administration af angiotensin 
in hypertensive subjects promotes an in- 
creased excretion of water and salt( 1). In 
contrast, a similar infusion in normal subjects 
usually results in sodium retention and anti- 
diuresis ( 2 ). Whether angiotensin causes na- 
triuresis in subjects with hypertension by act- 
ing directly on the kidney, or by some other 
mechanism is not clear. Since hypertensives 
seem to ingest more salt than normotensives 
( 3 ) .  it may well be that this dietary factor 
conditions their response to angiotensin. 

The present study deals with the effects of 
intravenous angiotensin under conditions of 
high and low salt intake on renal excretion of 
sdium, potassium and water in subjects with 
hypertension due to primary aldosteronism, 
advanced essential hypertension and chronic 
glomerulonephri tis. 

Six subjects were 
studied. One (H.M.) had primary aldoster- 
onism, 2 (H.F., O.J.) advanced essential hy- 
pertension, and 3 (S.J., B.E., R.D.) chronic 
glomerulonephri tis. Resting diastolic blood 
pressure ranged between 110 and 130 mm Hg 
in H.M., H.F. and O.J., and from 90 to 100 
mm Hg in S.J., B.E. and R.D. Degree of 
renal disease varied from severe (S.J., B.E., 
R.D., H.F.) to moderate (O.J.) or no im- 
pairment (H.M.). None of the subjects pre- 
sented symptoms or signs of congestive heart 
failure. 

All subjects were maintained on a fixed Na 
(30 to 90 mEqJday) and K (50 to 90 
mEq/day) intake for one to 6 weeks. 
Daily urines were measured and samples 

Material and methods. 

of the individual diets saved. After es- 
tablishing Na retention (urinary Na 20 to 80 
mEq/day below intake for a t  least 10 days) 
in H.M., H.F. and O.J., and Na depletion 
(urinary Na exceeding intake by 20 to 30 
mEq/day for 2 weeks) in S.J., B.E. and R.D. 
an intravenous infusion of 300 cc of 5% 
D/W was given over 6 to 24 hours. On the 
following day, 100 to 200 pg of synthetic val- 
ine-5 angiotensin I1 (angiotensin 11) t diluted 
in 300 cc 57% D/W was administered intra- 
venously during 6 to 24 hours. 

In one of the subjects (R.D.) on each of 
the following 2 days the effects of intravenous 
aldmteronet: alone, 0.5 mg diluted in 300 cc 
5 %  D/W, and in combination with angioten- 
sin I1 were also studied. 

Observations similar to the a b v e  were re- 
peated in the subject with primary aldoster- 
onism (H.M.) after removal of an adrenal 
cortical adenoma, in one subject (O.J.) with 
advanced hypertension after 3 weeks of re- 
duced Na intake ( 2 0  mEq/day), and in 2 
subjects (B.E., R.D.) with chronic glomeru- 
lonephritis after Na depletion had been cor- 
rected by provision of additional salt in tablet 
form (65 and 100 mEq Na/day). 

All subjects were kept recumbent through- 
out the infusions. Blood pressure was de- 
termined at 5 to 30 minute intervals during 
administration of angiotensin 11, and less fre- 
quently during infusion of 5 %  D/W. Blood 
was drawn before and at termination of infu- 
sions. 

Pooled diet samples and urines were ana- 
lyzed for sodium and potassium by flame 

*Supported in part by a grant from J. A. Hart- 
ford Foundation, Inc., New York 

t Hypertensin Ciba, lot E6429 
$ d-aldosterone Ciba, lot E6403. 
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photometry. Plasma and urine creatinine 
chromogen concentration was measured by 
the method of Bossnes and Taussky (4),  and 
urine osmolality by the Fiske mmometer. 

Results. In Tables I and I1 are listed the 
observed data relative to blood pressure 
(BP),  24-hour urine volume (V) ,  urine m- 
dium ( UNa), potassium (U,) , osmolality 
(UOsm), urinary sodium to potassium ratio 
( Uxa/K) and endogenous creatinine clear- 
ance (Ccr). 

Effects of angiotensin 11 injusion in pri- 
mary aldosteronism and advanced hyperten- 
sion (Table I ) .  1. Administration of angioc 
tensin I1 under conditions of Na retention 
promoted in H.M. (before adrenalectomy) , 
H.F. and O.J. a mild to marked diuresis, a 
more than 2-fold increase in UN& and a 3- 
to 5-fold rise in uN,./day. In  contrast, u& 
did not change, while UK/day increased from 
1 2  to 16% and UNa/K more than 50% above 
control. Ccr rose by 18% in H.M., but did 
not change in H.F. and O.J. 

2. After Na depletion had been established 
in H.M. (3 weeks following adrenalectomy) 
and O.J. angiotensin I1 infusion did not alter 
V, though UNJL and uNa/day decreased 18 
and 33 mEq, respectively. UK/L and UICJ 
day changed little, consequently Uxa,g de- 
creased markedly. Ccr did not change in 
A ther subject . 

EBects of angiotensin 11 infusion in chronic 
glomerulonephritis (Table 11) . 1. Adminis- 
tration of angiotensin I1 under conditions of 
Na  depletion promoted a slight to moderate 
decrease of V in S.J. and B.E., but not in 
R.D. UNa/L remained nearly unchanged in 
all the 3 subjects, while UNa/day decreased 
10 and 13 mEq in S.J. and B.E. UK/L and 
UK/day tended to rise in S.J. and B.E., while 
i t  did not change in R.D. UNa,K diminished 
by 10 to SO%, a d  Ccr remained unchanged. 

The infusion of aldosterone in R.D. caused 
a fall in UN,/L and UNJday of about Sol%, 
and a small rise in U s / L  and UK/&y. Con- 
sequently, UNa, K decreased markedly. When 
angiotensin I1 was added to the aldosterone 
infusion on the following day, no further de- 
crease af UNa or increase of UK were found, 
though V and Car fell by 8.7 and 14.6% re- 
spec t ivel y . 

2. After a state of N a  retention had been 
established in B.E. and R.D. administration 
of angiotensin I1 caused a slight to moderate 
rise in V, UN,/L and UNa/day. Since GK/L 
and UK/day were not affected by the infu- 
sion, UNa/K increased. Ccr did net change 
in either subject. 

Discussion. These observations show that 
under conditions of sodium retention angio- 
tensin promotes natriuresis and diuresis in 
hypertensive subjects. By contrast, under 
conditions of sodium depletion angiotensin 
tends to cause a diminished excretion of salt 
and water. The results are in accord with 
observations made in the rat(5,6), and em- 
phasize the role of sodium metabolism in 
renal response to angiotensin. 

The fact that angiotensin caused exagger- 
ated natriuresis in the 2 subjects with ad- 
vanced hypertension (H.F., O.J.) as well as 
in those with chronic glomerulonephritis 
(S.J., B.E., K.D.) and in that with primary 
aldosteronism (H.M.) indicates that the phe- 
nomenon is not a specific feature af essential 
hypertension. Feart and Brown( 7 )  have 
found that angiotensin-induced natriuresis 
could be abolished in hypertensives by lower- 
ing the blood pressure to normal levels. It 
is pertinent in this respect that 3 subjects of 
the present study (H.M., H.F., O.J.) having 
a diastolic blood pressure above 110 mm Hg 
exhibited the greatest natriuresis during in- 
fusion of mgiotensin. Thus, the results sug- 
gest that renal response to angiotensin is re- 
lated to the height of blood pressure and is 
conditioned by the state of sodium balance. 

The mechanism of angiotensin-induced na- 
triuresis in hypertensive subjects is obscure. 
Understanding of the phenomenon is further 
complicated by the complexity and variety of 
factors affecting the renal handling of so- 
dium. Renin causes less renal vasoconstric- 
tion in the hypertensive than in the norm+ 
tensive dog( 8), and angiotensin in hyperten- 
sive subjects doles not significantly affect glcl- 
merular filtration(7). In the patient with 
primary aldosteronism (H.M.) the natriu- 
retic response to angiotensin before adrenal- 
ectomy was associated with a rise of endoge- 
nous creatinine clearance of 18 % . p i s  find- 
ing suggests that the natriuresis in this sub- 
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ject might have been due to an increased fil- 
tered sodium. However, there were no 
changes in endogenous creatinine clearance 
in the other subjects exhibiting natriuresis 
(H.F., O.J.), nor in those in whom sodium 
excretion decreased or did not change. One 
might speculate that anpiotensin acts directly 
on the renal tubule causing a diminished re- 
absorption of sodium. However, this hypo- 
thesis is difficult to reconcile with the fact 
that adrenal secretion of aldosterone is ele- 
vated in hypertensives and is further in- 
creased by administration of angiotensin ( 2 ,  
9).  Another hypothesis might be that the 
natriuresis induced by angiotensin represents 
the effect described in the dog( 10). wherein 
a rise in the kidney perfusion pressure causes 
increased sodium excretion without changing 
the glomerular filtration rate. 

Suntmary. Angiotemin I1 was adminis- 
tered at  rates of 0.3 to 0.6 pg per minute over 
6 to 2 4  hours to 6 subjects with hypertension 
of various etiologies under conditions of posi- 
tive and negative sodium balance. Angioten- 
sin produced hypernatriuresis under condi- 

tion of positive sodium balance. The effect 
was most marked in those subjects having a 
diastolic blood pressure above 110 mm Hg. 

Miss S. Goodman, Mrs. S. Beacher and Miss M. E. 
Sovotny provided technical assistance. -4ngiotensin 
I1 ( Hypertensin Ciba) and aldosterone (d-aldoster- 
one Ciba) were obtained through the courtesy of Dr. 
lV. E. Wagner, Summit, N. J. 
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Ovarian Weight Response to Varying Doses of Estrogens in Intact and 
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A dose-response relationship was demon- 
strated for injected diethylstilbestrol and 
ovarian weight stimulation in hypophysector 
mized immature rats zfter a 4-day treatment 
interval ( 1 ) .  A recent study has shown that 
the greatest increase in ovarian weight occurs 
after about 8 days of treatment with large 
doses of estrogen in both intact and hypo- 
physectomized immature rats( 2 ) .  The fol- 
lowing experiments were carired out to eval- 
uate ovarian weight response after 8 days of 
injection with varying doses of diethylstilbes- 
trol or estradiol. 

Intact or hypo- 
physectomized Sprague-Dawley rats, 23-2 5 

Materials and methods. 

*This study was supported by USPHS grant. 

days old, were utilized in groups of 5 animals 
each. Hypophysectomized rats were received 
on the second post-operative day from Hor- 
mone Assay Laboratories, Chicago, Ill. Cor- 
tisone acetate ( 2 . 5  mg) was administered 
upon arrival and estrogen injections were be- 
gun on the following day. Daily injections of 
4, 20: 100: 500, or 1000 pg af either diethyl- 
stilbestrol or estracliol, dissolved in 0.1 cc 
peanut oil, were given for 8 days. Uninjected 
control animals were caged separately. The 
animals were asphyxiated with natural gas 
24 hours after final injection. The ovaries 
were dissected free, weighed on a Roller- 
Smith torsion balance, and prepared for mi- 
croscopic examination. 




