
728 

Blood Volume and Aldosterone Secretion in Hypertension and Primary 
A1 d 0 s  t e ron i sin. * ( 26736 ) 

HIKOSHI YAMAC'CI!I,+ KIWARI) G. I ~ I ( : T , I E R I :  A N D  J A M E S  HOPPER, JR. 
(1Vith the technical assistaiice of ('atherille Lambert, Eiarbara Bradley 

and Bobby Diii.en) (Introduced by Peter H. Forsham) 
Cardiovascular Research I n s t i t  iif c ,  ,If etaholic. Rusmrch Unit ,  and Department of Medicine, 

C'trivcrsil! oi Califorilia Srhool oi Medicine, Sun Francisco 

Observation of an expanded extracellular 
fluid and plasma volume in 2 cases of pri- 
mary aldosteronism ( 1 ) suggested that the 
hypervolemia might be a useful differential 
point in its diagnosis, particularly in distin- 
guishing the hypertensive patient in whom 
the possibility of aldosteronism should be 
considered. 

Case reports. Primary aldosteronism 
L.B., a 39-year-old white female, and R.T., 
a 25-year-old white male, had known hyper- 
tension of 14 and 6 years duration respec- 
tively. Both had hypernatremic, hypokale- 
mic alkalosis for about 6 years. On admis- 
sion to hospital blood pressure in both was 
220/130 mm Hg. Cardiomegaly, Keith- 
Wagner Grade I1 hypertensive retinopathy, 
and a positive Trousseau sign were observed 
in each. No edems or congestive heart fail- 
ure was evident. 1'k iiiean of 9 urinary al- 
dosterone deterniinations during sodium in- 
takes higher than 100 mEq was 29 pg,'24 
hours in L.B. (normal 3-15 pg'24 hours). 
Mean of 5 urinary aldosterone values in R.T. 
was 40 pg/24 hours. At operation an 8.4 g 
left adrenal adenoma in L.B. was removed 
and, in R.T., a 4.5 g right adrenal adenoma. 
Two months after excision serum electro- 
lytes were normal in both patients and blood 
pressure had fallen to 140/90 mm Hg in L.B. 
and 170/100 in R.T. 

Hypertension. Blood pressure, serum elec- 
trolytes a:?d s z x n  creatinine determinations 
are summarized i : ~  Tible I. Blood volume 

* Supported in part by a grant horn  Kat. Inst. for 
Arthritis and Metab. Dis., U.S.P.H.S. The authors 
also acknowledge support from the Research Com- 
mittee, Univ. of California School of Medicine. 
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and urinary aldosterone were determined 
while sodium intake was in excess of 100 
mEq1'24 hours. The selected patients had 
no evidence of congestive failure, edema, or 
propensity to retain sodium with salt loads. 
Patient J.M. is of particular interest since 
during our observation she developed malig- 
nant hypertension with papilledema and sub- 
sequently died of bacterial pneumonia. The 
adrenal glands were normal at postmortem 
examination. Patient M.S. also had malig- 
nant hypertension, which did not respond to 
antihypertensive medications. Postmortem 
study revealed normal adrenal glands and 
severe nephrosclerosis. 

Methods. Red cell volume was determined 
by a modification of the NaCr5104 method 
of Sterling and Gray(2,3). Plasma volume 
in the cases of primary aldosteronism was 
measured directly with T-1824(4) or 
human serum albumin (5)  , thus allowing cal- 
culation of true whole blood volume and 
body hematocrit. Values for whole blood 
volume in the group of hypertensives (Table 
IT) were calculated from red cell volume and 
venous hematocrits uncorrected for plasma 
trapping or for differences between the hema- 
tcxrit of venous blood and that of the body 
as a whole. Extracellular fluid was deter- 
mined by volume of dilution (Inulin)(7). 
Normal values were predicted at 16.2% of 
body weight, Urinary aldosterone was meas- 
ured by the double isotope derivative tech- 
nic of Kliman and Peterson(8) after hy- 
drolysis a t  pH 1 for 24 hours a t  room temper- 
ature. Normal values with sodium intakes 
above 100 mEq/24 hours in this laboratory 
are 3-15 pgJ24 hours. 

Results. Primary aldosteronism (Table 
11). Preoperative. In patients L.B. and 
R.T., respectively, a marked expansion of 
extracellular fluid of 58% and 57%. total 
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730 ALDOSTERONE IN HYPEKTENSION 

blood volume 45% and 29%, and plasma 
volume 75% and 4870 above predicted nor- 
mal but with low hematocrits were noted. 
Serum albumin concentration was 3.7 g/100 
ml in L.B. and 4.4 g/lOO ml in R.T. Red 
cell volumes in both patients were normal. 
Postoperative. Eight weeks after operation 
all these measurements had been restored to 
normal in R.T. In L.R., the restoration was 
toward normal: total blood volume was but 
11 % above normal. Postoperative serum al- 
bumin concentration was 3.6 g/100 ml in 
L.B. and 4.6 in R.T. Hypertensive patients 
(Tab14 I ) .  Similar measurements performed 
in 4 patients with essential and in one with 
malignant hypertension revealed normal-to- 
decreased total blood volumes. Red cell vol- 
ume was decreased 5 1 4 7 %  of predicted nor- 
mal values. However. urinary aldosterone 
levels had increased to 28.6 (11.S.) and 36.0 
(J.31.) in the patients with malignant hyper- 
tension, while still normal in the group with 
essential hypertension (3.1 to 13 .O pg/24 
hours). 

Discussion. In the 2 cases of primary al- 
dosteronism it appears that the expanded 
plasma volume is a consequence of an in- 
crease in extracellular fluid produced by 
chronic secretion of excessive aldosterone 
similar to that seen after continued adminis- 
tration of desoxycorticosterone acetate( 9)  or 
aldosterone( 10). Red cell volume was nor- 
mal, and the plasma expansion was thus re- 
vealed by the low hematocrit in both cases. 
Serum albumin concentration in both pa- 
tients was normal and remained unchanged 
after removal of the adenomas. Colloid 0s- 
motic pressure was strikingly unaltered ir- 
respective of changes in aldosterone secre- 
tion. Complete restoration of total blood 
volume, plasma volume and extracellular 
fluid without changes in red cell volume oc- 
curred in R.T. 2 months after operation. In 
L.B., total blood volume approached normal 
values with a 46% fall in plasma volume. 
Significant anemia resulting from blood loss 
a t  operation may have contributed. in part. 
'to the still expanded plasma volume. 

I n  contrast, total blood volume and uri- 
nary aldosterone levels in 4 cases of severe 
essential hypertension were normal or even 

depressed. Total blood volume and extracel- 
lular fluid have been found previously to be 
normal in hypertension ( 1 1,12 ) . Grollman 
( 13) observed increases in extracellular fluid 
but normal plasma volumes in hypertension. 
Vrinary aldosterone assays in essential hy- 
pertension have been found normal (14). 
Only in malignant hypertension has increased 
aldosterone secretion been clearly established 
( 1  5). In one case of transition from essen- 
tial to malignant hypertension without oc- 
currence of heart failure, urinary ddosterone 
increased greatly without associated increases 
in blood volume or changes in plasma elec- 
trolytes. The adrenals were not enlarged at  
the time of postmortem examination. The 
blood volume in the second case a€ malig- 
nant hypertension was not determined, but 
urinary aldosterone was increased and there 
was no indication of hypervolemia, as re- 
ilected by a normal hematocrit without seriaI 
change and the absence of congestive heart 
failure. 

Thus the demonstration of an expanded 
plasma volume, which may be indicated by a 
low hematocrit in a hypertensive patient with 
hypernatremia and hypokalemia, suggests 
primary aldosteronism. The hypertensive 
patients studied also showed a slight decrease 
in hematocrit, which reflected a true red cell 
volume deficit and not an expanded plasma 
volume, as seen in the 2 cases of primary al- 
dosteronism. The differentiation of primary 
aldosteronism from malignant hypertension 
might be clarified further by a normal blood 
volume. 

Summary. Two cases of primary aldoster- 
onism were demonstrated to have expanded 
extracellular fluid, total blood volume, and 
plasma volume, with restoration toward nor- 
mal after removal of adrenocortical adeno- 
mas. Red cell volumes were normal in both. 
No increase in urinary aldosterone was ob- 
served in 5 patients with essential hyperten- 
sion. B l d  volume was normal or slightly 
decreased. Increased urinary aldosterone 
without hypervolemia was observed in 2 pa- 
tients with malignant hypertension. Thus 
increased total blood volume in hypertensive 
patients, due solely to plasma volume and 
anemia (low hematocrit), should prove a 
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useful addition to the diagnostic screen for 
primary aldosteronism. 
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Activation of Tremorine by Liver.*+ (26737) 
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Tremorine ( 1,4-dipyrollidino-2-butyne) 
was reported by Everett( 1 )  to produce sus- 
tained tremors and parasympathetic-like 
stimulation in several species of laboratory 
animals. Since it elicits tremors and other 
parkinsonian-like signs, Tremorine has been 
used in routine screening for potential anti- 
parkisonian drugs. The report(2) that an 
hour elapses before the cat shows typical 
drug effects after administration of Tremor- 
ine (10-20 mg/kg) suggested that Tremor- 
ine may have to be biotransformed before it 
becomes pharmacologically active. Evidence 
presented here indicates that the liver con- 
verts Tremorine to an active form which has 
pharmacologic properties differing from those 
of the original product. 

Materials and methods. Young adult male 
Swiss-Webster mice, hamsters weighing 100- 
150 g, 2-3 kg cats and 5-10 kg dogs were 
used. Tremorine dihydrochloridet was dis- 

* Supported by N. I. H., research grant. 
t Preliminary report presented before Am. SOC. 

Pharmacol. and Exp. Therap., Aug. 22-25, 1960, 
Seattle, Wash. 

solved in pH 7.4 Krebs-phosphate buffer ( 2  
mg/ml) prior to incubation with liver. Ho- 
mogenates and tissue slices totaling 2-4 g wet 
weight from the livers of mice, hamsters, or 
rats were incubated at  37°C for 2 hours in a 
shaking incubator with 12 ml of buffered 
Tremorine solution in 250 ml flasks (02 gas 
phase). After incubation filtrates of the so- 
lution were injected into animals in doses 
expressed as equivalents of Tremorine pres- 
ent before incubation. 

Time of onset of tremors was measured 
from injection to time of head and limb trem- 
ors of a fully developed intensity as judged 
by a single observer throughout the study. 
Five or more mice per group were used in 
each experiment, except as noted. 

Results. Tremorine incubated with mouse 
liver slices produced tremors within 5 sec 
after intravenous injection into mice, where- 
as non-incubated Tremorine required more 
than 15 min to produce effects (Table I ) .  It 

$ Kindly donated by Dr. Guy M. Everett, Abhott 
Laboratories and by Dr. T. Lamar Kerley, Pitman- 
Moore Co. 




