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SUMMARY 

Two new thermostable aldosterone binding globulins were partially characterised in plasma (ABG-TS) 
and urine (ABD-TSu) of normal humans. Analysis comprised ultrafiltration, dialysis, incubation at 
37°C preceding or following DEAE cellulose chromatography (pH gradient), and Sephadex G75 
chromatography. Both compounds had a molecular weight and isoelectric point similar to that of 
the already described plasma thermolabile ABG. In studies on the effect of potassium canrenoate, 
with physiologic range, on aldosterone ABG binding in vivo in 4 out of 7 and in vitro in 9 hypertensives, 
a decrease, probably due to a specific competitive displacement of aldosterone, was observed. The 
transmission of high ABG capacity, as reflecting high plasma ABG concentration, was studied in 
three generations of 40 French Canadian families from the Montreal area. Samples were taken from 
304 relatives (aged 2&84) of two known essential hypertensive (EH) parents, and also from 290 controls 
(aged 4-65). Relatives with values similar to controls were designated “normal” in contrast to relatives 
carrying the high ABG binding trait designated “affected”. In “affected” relatives, total mid-afternoon 
to early evening plasma aldosterone was similar to that of normal relatives or controls but the free 
fraction was less (P < 0.001). Total CBG capacity for other plasma corticosteroids was lower in EH 
patients and their relatives. In pedigree analysis of the trait, the cumulative frequency distribution 
was continuous in controls and bimodal in EH families. Affected males or females transmitted the 
trait, which was expressed in early childhood without skipped generations or sex difference. The distri- 
bution of individuals in pedigrees suggests a simple autosomal dominant inheritance of the trait. Because 
there was no correlation with blood pressure, and because not all hypertensives had increased ABG 
binding, it is suggested that this high binding could be one of the determining factors of susceptibility 
or resistance in some EH patients. 

INTRODUCHON 

Essential hypertension (EH) tends to run in families 
and is to a large extent genetically controlled. The 
precise hereditary abnormality and the exact role of 
genes have not yet been clarified because no precise 
genetically controlled biochemical defect has been 
identified. 

Recently, it has been postulated that the increased 
binding of aldosterone to a specific thermolabile 
plasma globulin fraction (ABG) in EH patients with 
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a normal binding in secondary hypertension may in- 
dicate that this quantitative change in a plasma pro- 
tein represents a genetic marker of EH [l]. Moreover, 
the increased thermolabile ABG binding has been 
shown to contribute to significant alterations in 
aldosterone metabolism, which may enhance its bio- 
logical activity in EH [l-5], in women on oestrogen- 
containing oral contraceptives (OC) [6], and in cystic 
fibrosis patients [7]. Marked increase in thermolabile 
ABG binding in subjects on OC and its positive cor- 
relation with blood pressure [6] also favours this con- 
clusion. 

This investigation has been a familial study of ther- 
molabile ABG capacity to bind aldosterone [ 1,6,8,9] 
and its transmission among the natural children and 
grandchildren of two parents with proven EH. To 
clarify some closely related points, three additional 
aspects have been included: (1) The effect of the spir- 
onolactone on this binding because 42% of treated 
patients, at the time of the study, received this drug 
either alone or in association with other antihyperten- 
sive agents. (2) Partial characterisation of a novel 
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plasma and urinary thermostable ABG homologue 
has also been included, because the binding of aldos- 
terone to a thermostable plasma protein fraction was 
increased in some of the relatives. (3) Aldosterone 
binding to the thermolabile ABG binding has also 
been compared to that of plasma corticosteroids to 
the corticosteroid binding globulin (CBG) in order 
to explore the selectivity in modification in the two 
binding systems. 

MATERIALS AND METHODS 

Thermolabile ABG binding capacity and plasma aldosrerone 
Improvements of the ABC binding capacity procedure. In 

the procedure initially used for the binding capa- 
city [I, 5,6] an incubation time of three hours at 37°C of 
tritiated aldosterone with normal plasma was found most 
effective. In the course of this study, it was noticed in a 
few percent of the plasmas from relatives that when this 
time was prolonged beyond 2 h and 45 min, significantly 
less of the thermolabile form and proportionally more of 
the thermostable form was present. Therefore, this incuba- 
tion time was shortened by 15 min after it had been estab- 
lished that in plasmas from controls and the remaining 
EH patients, identical results were found with either of 
the two incubation times. It is not clear what causes this 
difference, but repeated estimations on different occasions 
(up to 5 times) on plasma samples from some of the above 
patients showed this anomaly. 

Total plasma aldosterone was determined by radioim- 
munoassay (10) and free and protein bound by a minor 
modification of a dextrancoated charcoal method already 
reported [i, 5.63 and assessed [l, 63. 

Total plasma CBG capacity was measured by adsorp- 
tion [11] and total plasma corticosteroids (TCS) by com- 
petitive protein binding [12]. The intra-assay coefficient of 
variation for CBG capacity was 7.8% (n = 8) and the inter- 
assay coefficient was 4.8% (n = 25). 

Spironolactone. The effect of potassium canrenoate (Sol- 
dactone,@ Searle) on thermolabile ABG binding capacity 
was studied in viuo in 6 EH patients and one control and 
in vitro in 9 patients. 

Urinary or plasma proteins. Urine was concentrated by 
first using Amicon concentrators (capacities 10 ml, 400 ml 
or 2.51) with XM50 and then YMlO Diaflo membranes 
at 4&50Ib/in*. Chromatography of urinary and plasma 
nroteins on SeDhadex G75. G200 and Senhadex A-50 
columns [S, 93 aid mole-c& weight detern&ations by gel 
filtration were done as described [6,8,9], In addition, the 
following “C-labelled methylated protein molecular 
weight markers (New England Nuclear) were used: bovine 
serum albumin (mol. wt 69,000); carbonic anhydride 
(30,000); cytochrome c (12,000); ovalbumin (46,000). 

Familial study. The sample group, studied between 
197678, consisted of 40 French Canadian families from 
the Montreal area, in which both grandparents had EH. 
Blood samples and blood pressure readings were taken 
in the homes of the assembled families, while on a free 
diet, first in the parents, then in the children and lastly 
in the grandchildren. After the subjects had been seated 
and relaxed for 5 minutes, blood pressure readings were 
taken in both seated and recumbent pbstures, usually 
between mid-afternoon and early. evening after normal 
daily activities, always by the same observer, using a Tycos 
mercury sphygnomanometer, at 2-3-minute intervals. The 
results of 2 readings were averaged. Cuff size was adjusted 
in children. Blood samples were usually drawn while the 
subjects remained recumbent and plasmas kept frozen until 
processed. The usual criteria already described [l, 131 have 
been used for the diagnosis of EH patients. A total of 
304 relatives (128 males and 176 females) aged from 2f 

to 84 years were studied. 17 women were on OC, two 
on conjugated oestrogen (Premarinm), one was on corti- 
sone and 32 of the 78 hypertensives being treated were 
on spironolactone. The drugs were not interrupted during 
the study. Two women were pregnant. 

Blood samples and blood pressures were similarly 
obtained from apparently healthy untreated volunteers 
with two normotensive parents. This group consisted of 
135 males and 155 females aged between 4 and 65 years 
who were approximately age and sex matched to the EH 
families studied. 

To eliminate the effects of menstrual cycle [3, 5,6, lo]. 
which is known to affect total and ABG bound plasma 
aldosterone, all values were corrected to the first 6 days 
after the onset of menstruation in females. All subjects 
studied were white. Statistics, including frequency distribu- 
tions, mendelian proportions and genetic analysis of ABG 
bound aldosterone were done as described [14-193. Stu- 
dent’s two-tailed t-test for unpaired comparisons was also 
used. All results were expressed as mean + SEM and the 
difference was considered significant when P c 0.05. 

RESULTS 

Plasma aldosterone and ABG binding capacity 

Aldosterone binding capacity of thermolabile ABG 
(relative to total plasma aldosterone present) was 
9.7 + 0.24 (range 2r17) in 290 controls. The value of 
17 representing the normal mean plus two standard 
deviations was taken as the upper limit between those 
subjects designated as “normal” and those carrying 
the high ABG binding trait designated as “affected”. 
It is important that 8 out of 297 control subjects in- 
itially. selected on the basis of parental absence of 
EH had values exceeding this cut-off at 17. In all 
but one of them (with a value of l&3), further investi- 
gation into the family history revealed, however, a 
parent with EH. The above seven subjects were 
excluded from the control group and to preserve the 
object of familial aggregation, their values were also 
not included in the group of relatives. 

Aldosterone binding capacity of thermolabile ABG 
in 118 “normal” relatives (55 males and 63 females) 
(11.2 + 0.38) was significantly different (P < 0.001) 
from that of the 98 “affected” relatives (43 males and 
55 females) (23.2 + 0.6). Values in subjects on antihy- 
pertensive therapy were omitted since treatment 
affects both the binding capacity and total plasma 
aldosterone. (See results further on and Discussion). 
Similarly, pregnant subjects and those on oestrogen 
therapy were also excluded. 

Total midafternoon to early evening upright plasma 
aldosterone, uncorrected for age was similar in 290 
controls, 118 “normal” relatives and 95 “affected” 
relatives, but the free fraction was less (P < 0.001) 
in the “affected” relatives (Table 1). 

Blood Pressure 

No significant correlation between ABG binding 
and blood pressure was found. 

Total plasma corticosteroids and CBG binding capacity 

Total CBG capacity in relatives and age-matched 
control subjects as well as treated and untreated EH 
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Table 1. Upright mid-afternoon to early evening plasma aldosterone* 

Total 
@g/l00 ml) ABC binding capacity 

Controls 
N = 290 8.4 f 0.39 9.7 & 0.24 

Relatives 
designated 
“normal” 
N= 118 8.7 & 0.56 11.2 f 0.38 

Relatives 
designated 
“affected” 
N = 95 6.5 rt 0.5 23.2 &- 0.67 

* Mean k SE. 
t Vs controls or “normal” relative% P < 0.001. 

Free 
(ng/lOO ml) 

7.6 _+ 0.35 

7.7 + ost 

4.q _I 0.4 

patients showed no correlation with age. Significantly 
lower capacity was found in hypertensive relatives, 
normotensive relatives and treated or untreated EH 
patients as compared to age and sex-matched controls 
(Table 2). TCS were similar in controls and relatives, 
but were significantly higher in subjects on OC ther- 
apy, Markedly increased CBG capacity was also 
found in those on OC in both groups. 

E@ct of potassium canrenoate on ABG binding 

In vivo. The effect of potassium canrenoate, admin- 
istered in a 240 min infusion in a dose of 
2~rn~2~rnl isotonic glucose on plasma thermola- 
bile ABG binding capacity of aldosterone, was evalu- 
ated in 6 patients with stable EH and in one control. 
Blood samples were taken at 0 h (before administra- 
tion was started) and then at 15, 30, 60,90, 120, i80, 
240 and 300 minutes. In four patients the plasma 
ABG binding decreased (upper curve) during or im- 
mediately after the infusion with no significant change 
(lower curve) in the remaining three subjects (Fig 1Af 

In vitro. To aliquots of plasma from 9 EH patients 
first incubated at 37°C as usual with [3H]-aldoster- 
one for 2 hr 45 min, amounts of potassium canrenoate 
from 10-200 mg/l plasma were added and the mixture 
incubated for an additional hour. The percentage of 
aldosterone bound to thermolabile ABG declined 
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Fig. IA. Effect of infusions of potassium canrenoate on 
thermolabile ABG binding capacity in four EH patients 
with stable EH showing a decline in this binding and three 
other subjects in whom no significant change occurred. 
1B. Similariy, effects of an in uitro addition of potassium 
canrenoate into the plasmas of five patients with high, and 
four with normal ABG binding capacity of afdosterone. 

Table 2. 

Total plasma corticosteroids 
&lOOml; mean f SEM 

CBG Total binding capacity 
~g/lOOmI: mean f SEM 

Controls 
Controls on OC 
Relatives 
Relatives on OC 
Treated EH patients 

(a) 10.7 f 0.25 (n* = 247) 
(b) 16.6 + 0.78 (n = 62) 
(c) 10.3 f 0.29 (of = 274) 
(d) 22.6 + 1.84(n = 24) 

Untreated EH patients 
Statistics: (a)vse, PNS 

(a) vs b, P c 0.01 
(b) vs d, P < 0.001 
(c) vs 4 P < 0.001 

(e) 20.5 + 0.2(n = 157) 
(f) 37.6 + l.O(n = 64) 
(g) 17.5 * 0.4 (n = 170) 
(h) 39.2 f 1.2fn = 24) 
(i) 17.8 * 0.3 (n = 57) 
(j) 17.7 f 0.2(n = 130) 

evsf, P < 0.001 
evsg P < 0.001 
evsh,P<O.OOl 
evsi, P < 0.901 
evsj, P < 0.001 
g vs h, P < 0.001 

* n = number of subjects. 
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gradually with a dose of up to 150mg and then 
apparently remained constant (Fig. 1B). This decline 
was more pronounced in 5 subjects with high initial 
levels. 

Novel heat stable plasma ABG-like ftaction and aldos- 
terone binding proteins in human plasma and urine 

Of those proteins normally present, in small quanti- 
ties, in urine, one third is albumin and two-thirds 
are globulins arising mainly from plasma pro- 
teins [203. Investigation of the glycoprotein fraction 
of normal human urine has led to the isolation and 
partial characterisation of an apparent homologue of 
plasma ABG: i.e. two apparently related forms of a 
heat stable molecule. [‘HI-aldosterone was first 
added to urinary ultrafiltrate, extensively dialysed 
against water (see legend to Fig. 2A), and the com- 
pletely deionized mixture, which had been incubated 
for 3 h at 37°C was then subjected to DEAE-cellulose 
fractionation using a stepwise pH gradient elution. 
The pH 8.4 buffer (18-20 ml fraction, peak I) eluted 
the bulk of protein subsequently shown to bind aldos- 
terone and the pH 5 buffer (158-166 ml, peak II), also 
eluted a very small amount ,of an aldosterone binding 
protein. In other experiments, however, concentrates 
from the same urine collection obtained by ultrafilt- 
ration were first dialysed and then the deionised con- 
centrate was subjected to DEAE-cellulose chroma- 
tography, without prior incubation with [3H]-aldos- 
terone. In repeated results, urinary protein migrating 
close to void volume (Peak I) and transporting aldos- 
terone decreased sharply (Fig. 2B). It was the fraction 

eluted with the pH 5 buffer (Peak II), previously 
present in very small amounts (Fig. 2A), which was 
now’ the main carrier of [3H]-aldosterone. Binding 
experiments were performed on aliquots of all frac- 
tions of the eluate by incubations with C3H]-aldoster- 
one at 37°C for 3 h, removal of the excess of unbound 
aldosterone by a treatment with dextran coated char- 
coal (2: 1 w/w) for 10 min at 4°C and counting of ali- 
quots of the supeznatant for protein bound radioac- 
tivity were carried out. It appears that the incubation 
causes a change in the structure of this urinary aldos- 
terone binding protein fraction, which completely 
alters its chromatographic mobility but does not des- 
troy its capacity to bind and transport aldosterone. 

When pools of protein eluted in fractions on 
DEAE-cellulose were rechromatographed on 
Sephadex G75 gel, a major symmetrical peak binding 
aldosterone was eluted, with a mobility very close to 
that of the trypsin inhibitor standard (mol. wt 28,000), 
and a second small peak emerged with the void 
volume (Fig. 2C), indicating a molecular weight 
greater than 70,000. This urinary material contained 
in the first main peak (mol. wt 27,500) was not 
affected by heating to 60°C for 25 min. 

The above observation promoted a search for a 
similar protein in normal human plasma. It has been 
subsequently established that chromatography of 
human plasma on the same DEAE-cellulose column 
indicated the presence of peaks I and II behaving 
similarly with either non-incubated plasma or with 
plasma incubated with [3H]-aldosterone (37°C for 
3 h). Peak II from normal intact plasma contained 
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Fig. 2. Runs A and B: Typical fractionation of urinary proteins 0n DEAE-cellulose. Sample, human 
urine ultrafiltrate obtained by first forcing it through an Amicon diatlo membrane XMSO (mol. wt 
50,000) and then again through a YMlO (mol. wt 10,000) membrane and retaining the concentrate. 
Pharmacia column K16/40, bed height 2Ocm, eluent, Verona1 (0.04 M, pH 8.4) with stepwise gradient 
to acetate (0.2 M, pH 5.0); flow rate 1.6 ml/min. (Pharmaha peristaltic pump p-3). The compositions 
of the peaks indicated were further examined by gel filtration on Sephadex G75 gel. Run C: Typical 
elution profile of fraction II from the DEAE-cellulose rechromatographed on a column (0.9 cm x 70 cm) 
of Sephadex G75 gel. See materials, methods and results sections for more details on Runs A-C. 
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Table 3. Aldosterone-binding globulin (ABG) complex in 
human plasma 

a,-Gfycoprotein-heat labile (60°C for 35 min) 
Amount in normal plasma approx. 3 &l 
Mol. wt 26.500-27.500 ISenhadex G75 and G2001 
Apparent association cd&ants at 37°C: K, =‘lO’M-r 

K2 = lo6 M-’ 
Isoelectric point (Sephadex G75 S) p14.75 
Electrophoretic mobility at pH 7.95 RF-O.82 
Bromophenol blue-negative 
Sudan black-negative 
Periodic acid SchiR’s stain-positive 
(NH&SO, Precipitation at 1.4 M 

about 90% thermolabile protein identical to ABG 
(characterised before, Table 3) and about 10% of the 
novel thermostable homologue. Comparison of this 
urinary material with the plasma thermostable aldos- 
terone binding fraction indicated that it might be 
identical with the plasma thermostable (TS) fraction 
previously isolated (but not characterised) by DEAE 
Sephadex A-50 (ionic gradient) chromatography [S]. 
Both the plasma and urinary thermostable materials 
were eluted from this column in the same fraction 
(0.1 M NaCl) and were identical in both their mol- 
ecular weights (27,500 on Sephadex G75 and G200 
gel) and isoelectric points. They are abbreviated here- 
after as ABG-TS for the plasma and ABG-TSu for 
the urinary fractions. 

Heating normal plasma to 60°C for 25 min in- 
variably resulted in a strong diminution of the bind- 
ing to the molecule with mol. wt 27,500 as estimated 
by both DEAE-cellulose and Sephadex gel filtration, 
but never in its complete disappearance. That there 
is only a relatively small amount of this protein in 
normal plasma (about 10% of the total binding) is 
probably the reason why its presence was overlooked 
in our initial study [8] performed on a pool of normal 
human plasma. The presence of this protein is, how- 
ever, of utmost importance in studies of EH samples 
and especially for the construction of pedigrees of 
relatives in this study, since it has been found that 
in some EH patients the thermostable fraction, 
measured by our method, is also increased. 

In order to better understand the nature of this 
thermostable binding, solutions of increasing concen- 
trations of human purified albumin fraction have 
been tested by our method for the percentage of ther- 
molabile and thermostable binding of aldosterone. 
The thermostable binding increased gradually to 
reach a stable value of 11% at a physiological concen- 
tration of approximately 70mg/dl of albumin, while 
the thermolabile portion invariably remained unmea- 
surable. A further increase in albumin greatly exceed- 
ing the physiological concentrations resulted in only 
slight increases of thermostable binding. It may prob- 
ably be concluded that any thermostable binding sig- 
nificantly exceeding the 11% value can be safely attri- 
buted, not to albumin, but to ABG-TS. 

At present, the only indication that aldosterone 

binding to ABG-TS is of high affinity stems from the 
fact that the [‘HI-aldosterone bound to this fraction 
can be carried through four different chromato- 
graphic steps without any appreciable loss of radioac- 
tivity. Besides, exhaustive dialysis has demonstrated 
the reversibility of the binding in both thermostable 
fractions by the complete liberation of [3H]-aldoster- 
one from the bound portion. 

Genetic aspects of ABG 

What has been investigated is the mechanism of 
transmission of high ABG binding capacity among 
families of EH patients. The significance of this par- 
ameter is discussed later. Relatives with high thermo- 
labile ABG binding capacity, i.e. > 17 were designated 
as “affected” and are considered as carriers of the 
trait and those with binding ~17 as normal. Conse- 
quently, it appeared from a previous study [l] that 
52% of 109 untreated hypertensive patients with 
either labile or stable EH with either “normal” or 
low plasma renin activity carried the trait. 

Frequency distribution of ABG binding in 40 families. 
The data for all relatives from the second (GII) and 
third (GUI) generations were examined for indica- 
tions of tri- or bi-modality by comparing their fre- 
quency distribution with a normal distribution of ap- 
proximate age-matched controls with both normoten- 
sive parents. On the histogram (Fig. 3), the distribu- 
tion appears unimodal in controls and bimodal in 
relatives. Moreover, the difference in means between 
the “normal” relatives and those carrying the high 
ABG trait was more than the sum of the two respect- 
ive standard deviations. 

Graphical analysis of polymodal frequency distri- 
butions on logarithmic probability paper [18,19]: 
The cumulative frequency distribution of controls was 
unimodal (straight segment) while a sigmoid curve in 
relatives appeared to be the result of two or even 
three distinct straight segments with different slopes 
leading to the assumption that the distribution was 
bimodal or even trimodal (Fig. 4). 

Pedigree analysis. In Figures 5 and 6, there are 31 
pedigrees of nearly complete families with 118 males 
and 145 females. Figure 7 comprises 5 incomplete, 
similar pedigrees with 7 males and 23 females. Four 
additional incomplete families not shown were also 
considered. Subjects with high thermolabile ABG 
binding were considered as “affected”. They carry the 
high ABG binding trait. All three figures and Tables 4 
and 5 usually contain three and sometimes two-gener- 
ational, family subgroups with two grandparents or 
untreated parents which can be subdivided into three 
categories: In the first (a) (Table 4) both parents had 
normal aldosterone binding plasma ABG; in the 
second (b) both parents had elevated binding; in the 
third category (c) (Table 5) one parent exhibited in- 
creased and one normal ABG binding. Shaded sym- 
bols in Fig. 5 represent four individuals (F7 11-4, F15 
11-4, F19 11-2, and F30 B-2) with thermolabile ABG 
binding, usually close to the upper limit of normal 
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ABG> 17 ABG> 17 
NR 5 118 I AR=98 

3 5 7 9 II 13 1517 1921 2325272931 333537394143457 

A8G % 

Fig. 3. Frequency distribution in 118 untreated designated “normal” relatives (NR), 98 untreated desig 
nated “affected” relatives (AR) and 290 controls. 

range, but whose binding to ABG-TS as well as TCS 
were significantly increased (Table 4). These indivi- 
duals were also considered as carrying the trait. 

Sex repartition. The number of females 176 was 
higher than the number of males 128 but the ratio 
of males and females among “affected” relatives is not 
different from that in all relatives in GII x2 = 1.22 
(NS) and in GIII x2 = 1.33 (NS) indicating no sex 
linkage of the trait. 

CUMULAWE PERCENTAGE 

0 

ABG g 

Fig. 4. Cumulative frequency distribution (percentage) of 
plasma ABG binding capacity in 290 controls and 216 un- 

treated relatives on logarithmic probability paper. 

Vertical transmission of the trait. The transmission 
through three generations, of the actually measured, 
elevated thermolabile ABG binding occurred 12 times 
(Figs 5-7; families F20, F9, F19, F8). 

Family subgroups with both untreated “affected” 
parents of GII had 62 “affected” and 36 “normal” 
offspring. 

Similarly, a vertical transmission of “normal” bind- 
ing in families with both untreated parents in the GII 
exhibiting “normal” binding and all resulting children 
being “normal” occurred 20 times (Figs. 5-7). 

Thus, the trait appears to be transmitted vertically 
from grandparents to parents and grandchildren with 
no skipping of generations. 

Mode of inheritance 

Segregation ratios in familial subgroups. Several con- 

clusions can be drawn from the segregation pattern 
shown in Figs 5-7 and Tables 4 and 5. From eight 
“normal” x “normal” matings among “normal” un- 
treated parents in the GII, none of the 20 progeny 
had high ABG binding (Table 4 group (a)). Approxi- 
mately only 52% of the treated parents would be 
expected to have elevated ABG binding. (1) Because 
many of them had been treated with antihypertensive 
drugs, some of which apparently tend to lower this 
binding (i.e. spiionolactone), this figure is lower. It 
is impossible, therefore, to identify all families with 
both grandparents (GI) or parents (GII) with high 
binding. Consequently, in order to find out if theoreti- 
cal ratio 1: 3 is present, only those families -with two 
parents or children, exhibiting high ABG levels were 
considered (Table 3 group (b)). In the children of five 
families with both untreated parents, the ratio of 
“normal” to high binding was 3 : 11, very close to the 
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Fig. 5. Pedigrees of I1 families. 

C-l C-l 
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Fig. 6. Pedigrees of 20 families. 

F-31 

I 
expected figure. When treated parents (five families) 
with an elevated, actually measured binding were also 

I included, this ratio became 5:25. Since no antihyper- 
tensive treatment seems to elevate this binding there 

II would not appear to be any reason to exclude these 

F-35 F-u. F-23 values. 
I The ratio of “normal” to “affected” relatives result- 

I 
ing from “affected” x “normal” matings among rela- 
tives with two or more children is 14: 16, or not very 

I different from the expected 1: 1 ratio (Table 5 group 
1 

(c)) from 7 additional similar matings, a single 
Fig. 7. Pedigrees of 5 incomplete families. “affected” child resulted. 
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Table 4. Families with untreated parents 

(a) Both parents exhibiting 
normal ABG binding 

F23 11-1.2: III-I 
F27 U-1.8; 111-l and 

11-4.1 I ; 111-5.6.7 
F3l 11-2.8; III-4,5 
F32 11-4.8; III-7,8,9 
F35 11-3.9; III-I.2 
F38 11-1.2: III-l,2 
F39 U-1.2; III-I.2 

Pedigrees (b) Both parents exhibiting Pedigrees 
Fig : high ABG binding Fig : 

7 F7 H-8,2; III-1.2.3.4.5 5 
F9 U-2.7; III-2 and 5 

5 F20 11-2.12; III-3.4.5,6,7 
7 and II-3,13; 111-8.9 5 
6 F33 II-2,3: 111-l 5 
7 F34 11-25; III-I.2 5 
6 same as (b) but with one or both parents treated. 
6 F5 I-1,2; 11-1.2.3 6 

F8 11-2.4; 111-l 7 
Fl2 I-1,2: II-I,2 7 
F16 I-1.2; 11-l 6 
F20 I-1,2; II-I 23456789 IO , 3 1 3 , , , , 3 5 
F32 11-2.6; III-I 6 

Table 5. Families with untreated parents one exhibiting normal and one high 
ABG binding who had more than one child (c) 

Pedigrees 
Fig : Comments: 

F3 11-2.6; III-l.2 and 
11-9.5; 111-7.8.9 5 II-5 Cortisone treated 

F19 H-1.5; III-1,2,3 and 
II-2,6; III-4,5,6,7 5 II-22 

F20 II-1.11; III-l.2 and 
11-4.14: III-IO 5 II-4* 

F27 11-3.10; III-3,4 5 
F30 11-1.6; III-1.2,3,4 and 

11-2.7; 111-5.6 5 II-2* 

Same as (c) but with one treated parent exhibiting high ABG binding 
F2 11-4.9; III-3,4 6 
F14 11-2.5; III-l,2 5 
F19 I-1.2; II-1.2,3,4 5 

* Increased thermostable homologue ABG-TS and high TCS. 

Frequency of “uffectes’ relatives in Gil. When all 
first and second generation relatives were considered 
together, and after having made assumptions that 
approx. 52% of treated grandparents carry the trait, 
that those with high ABG-TS are similarly “affected” 
(Table 5 group (c)) and that approx. 52% of treated 
parents (GII) also carry the trait, it is possible to test 
if the expected frequency of “affected” subjects in GII 
is in agreement with the hypothesis of a genetic 
transmission. 

Expected proportions. The proportion of 52% of 
“affected” grandparents allows for the assumption of 
the following frequency of three different types of 
matings among the GI where all subjects are hyper- 
tensive: 

Both parents “affected”+0.52)2 
Only one parent “affected”-2 x 0.52 x 0.48 
None ‘baffected”-(0.48)2 

On the basis of the Hardy-Weinberg’s law for ran- 
dom-mating pairs [15-171 one can estimate that if the 
frequency of the dominant allele (M) in grandparents 
(GI) is p, and the frequency of the recessive allele 
(m) is q: 

p2 + 2 pq = 0.52 and q2 = 0.48, 

where p2 represents the homozygotes (MM) for the 
allele and 2pq the heterozygotes (Mm). From this. 
it can be deduced that for an “affected” GII subject 
taken at random the probability to be homozygote 
(MM) or heterozygote (Mm) is: 

2 

P(MM)& and p(Mm)g 

Therefore, the expected frequency of “affected” rela- 
tives out of the 136 in the GII is 0.5193. 

Observed proportions. There were 50 “affected” un- 
treated; 29 treated of whom 52% were assumed 
“affected”; i.e. 15; giving a total of 65 “affected” sub- 
jects. 

Testing the divergence between expected and 
observed v&es is. 

x3 = 0.43; u = 0.50 NS. 

As expected the repartition of p2, 2pq and q2 is veri- 
fied among the second generation and is not signifi- 
cantly modified in relation to the first generation 
because of no new contribution of genes. The above 
is compatible with the hypothesis of a genetic inheri- 
tance of the trait. 
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The same computation cannot unfortunately, for 
the time being, be applied to the GIII since the fre- 
quency of the trait among the spouses in the GII 

remains unknown. 

DISCUSSION 

Familial study of aldosterone ABG binding led to 
additional inquiries of some closely related subjects 
such as: the improvement of the ABG binding capa- 
city procedure; study of the effects of spironolactone 
on ABG binding and the detection of a novel plasma 
and urinary homologue. As decribed under Methods, 
the procedure for plasma aldosterone binding capa- 
city had to be slightly modified because of the as 
yet unelucidated differences in this binding in some 
EH patients. In all of them and in some others, there 
was an increase in a novel thermostable fraction 
ABG-T’S which appears to be similar to a urinary 
counterpart ABG-TSu. 

By applying the technique of two successive ultra- 
filtrations to normal urines it was found that the 
10,000-50,000 urinary ultrafiltrate contained two pro- 
tein fractions similar to plasma. The component 
ABG-TS isolated by ion exchange chromatography 
from the plasma appeared to be identical to urine 
ABG-TSu and possibly also to plasma TS previously 
isolated by DEAE Sephadex A-50 chroma- 
tography [8]. Investigations and partial characterisa- 
tion of these protein fractions were necessary for the 
pedigree analysis in familial studies. 

Also, measured TCS and plasma CBG capacity in 
the majority of relatives and controls as well as in 
some EH patients, indicated a decrease in corticoster- 
oids bound to CBG in presence of normal levels of 
circulating TCS in EH patients and their relatives. 
This is in contrast to an increase in thermolabile ABG 
binding of aldosterone and points to selective modifi- 
cations in both binding systems. CBG capacity unlike 

ABG binding, was also unaffected by antihypertensive 
treatment. Decreased CBG capacity has already been 
occasionally reported in hypertension [21,22] as well 
as no change in this parameter with age [23]. These 
latter conclusions further indicate that aldosterone 
and other corticosteroids are bound to different and 
distinct plasma protein fractions. 

Some of our data show that approximately thera- 
peutic doses of potassium canrenoate decrease the 
plasma thermolabile ABG binding capacity of aldos- 
terone in some EH patients. This may support the 
findings that only about 30% of EH patients, 42% 
of which received aldactazide (at the time of the study, 
between 197678), usually in association with other 
drugs, exhibit high ABG binding, in contrast to an 
incidence of about 52% in untreated patients pre- 
viously studied [ 11. It is suggested that the observed 
decrease in plasma thermolabile ABG binding in 
treated patients may be due to a competitive displace- 
ment of aldosterone by spironolactone leading to a 
decline in percentage binding. Because the in vivo 

effects of spironolactone were only suggestive, they 
were further supported by a significant in vitro dis- 
placement of [3H]-aldosterone from ABG binding by 
potassium canrenoate added to plasma samples. It 
may be that one of the possible mechanisms of action 
of spironolactones is an increase in the turnover rate 
of aldosterone due to this displacement. 

Total plasma aldosterone, with blood samples 
obtained between midafternoon and early evening 
after normal daily activities, was corrected for the 
levels in the early follicular phase of the menstrual 
cycle in females, but not for age or the circadian 
rhythm. For this reason, these values cannot be com- 
pared with previously reported levels measured under 
very different sampling conditions Cl]. In “affected” 
relatives, total plasma aldosterone was similar to that 
of “normal” relatives or controls but the free fraction 
was significantly lower. 

Genetic aspecfs 

The frequency of observed “affected” children in 
GII is no different from the frequency of “affected” 
relatives in GI when the assumption that any treated 
hypertensive is a potential carrier of the trait, is con- 
sidered. The results are consistent, according to the 
Hardy-Weinberg’s law, with a genetic transmission of 
the trait, but they do not indicate either a dominant 
or recessive hypothesis. 

Further genetic analysis had to be carried out, how- 
ever, on familial subgroups comprising untreated sub- 
jects only, due to the fact that it is not possible at 
present to identify all of the treated subjects carrying 
high ABG binding trait. Consequently, there are some 
additional findings which do support a possibility of 
a dominant transmission of high ABG binding: (1) 
The bimodality in the untreated relatives, as shown 
by the frequency distribution either on the histogram 
or on the logarithmic probability paper; (2) the 
transmission through three generations of high bind- 
ing actually measured without any skipping of gener- 
ations and the evidence of “affected” relatives in early 
childhood (the trait appearing as early as at age 4 
and probably before). It should be pointed out here 
that a direct transmission through three generations 
of an inherited defect is practically diagnostic of 
dominant inheritance. (3) The proportion of “affected” 
children, when one or two parents are “affected” in 
clear-cut situations where treated relatives are not 
considered. These proportions suggest again a 
dominant rather than a recessive hypothesis if the 
proportion of heterozygosity is kept in mind. 

If the inheritance of high ABG is of this type, we 
could expect two or more polymorphic forms of the 
protein since a monogenic defect is more frequently 
qualitative than quantitative. Our electrophoretic pat- 
terns and isoelectrofocusing revealing the apparent 
presence of a single homogeneous protein do nnt 

exclude the presence of microheterogeneity [6,9]. 
However, both qualitative and quantitative variations 
may be associated with identifiable gene differ- 
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ences [16]. The variation in ABG binding capacity 
in our study can be clearly subdivided into two non- 
overlapping or only slightly overlapping distributions 
and then its inheritance can be studied using standard 
techniques of Mendelian analysis [ 163. If individuals 
fall into one or more essentially non-overlapping 
ranges of measurement, indicated by bimodal familial 
distribution in this study, a quantitative character can 
be subdivided into qualitatively different categories. 

It must be pointed out that because the affinity 
of the binding might be altered by certain drugs (spir- 
onolactones) and a variety of physicochemical 

changes, including an increase in ACTH, circulating 
cortisol[24], oestrogens [6] and pregnancy [S], fac- 
tors other than molecular alterations or absolute con- 
centrations could play a role in the altered binding 
capacity seen in EH subjects. However, it seems 
reasonable to assume that in untreated and relatively 
unstressed subjects, the increased binding capacity of 
ABG, measured following a 2:45 h equilibration of 
the sample with the [3H]-aldosterone, was due rather 
to a proportionately increased ABG concentration in 
the plasma. 

An association between a familial increase in ABG 
and the blood pressure has not been clearly estab- 
lished in this study. This may be at least in part 
explained by the proportion of treated hypertensives 
that could not be considered. 

The amounts of aldosterone bound to thermolabile 
ABG, thermostable homologue (ABG-TS) or albumin 
will be determined by the concentration of each pro- 
tein, the respective association constants of each of 
the binding protein fractions, the total concentrations 
of aldosterone and probably also cortisol[24] in the 
system. Increase in cortisol which is also bound to 
albumin will change not only the free aldosterone 

concentration but also the partition of aldosterone 
among all three binding protein fractions probably 
by displacing it from the albumin binding. An in- 
crease in thermolabile ABG in the system will result 
in its increased binding of aldosterone and a decline 
in its binding to the two other protein fractions. The 
free aldosterone will also decline similar to OC sub- 

jects [6]. Conversely, a decrease in the thermolabile 
ABG in the system will result in an increase in free 
aldosterone and in concentration of aldosterone as- 
sociated with albumin or ABG-TS. Increase or addi- 
tion of free aldosterone to the system will result in 
proportional increases in aldosterone bound to all 
protein fractions and a rise in the free aldosterone 
with no change in the percentage of bound fraction 
until the total binding capacity of ABG will be 
reached. 

It is impossible from our data to make any approx- 
imation of the frequency of high ABG binding in the 
general population because the control group has 
been selected by taking age matched subjects, with 
relatives neither of whose parents had essential hyper- 
tension. But this frequency is probably higher than 
the approximate 1.5% incidence of EH among the 

white population at large [25]. This would be in 
agreement with the reasoning that the elevated ABG 
bihding represents part of the genetic susceptibility 
to EH and that the only predisposed individuals who 
may develop EH are those who live long enough and 
are under sufficient pressure from a multitude of en- 
vironmental factors which may cause a rise in blood 
pressure. 

In conclusion, it is proposed that high ABG bind- 
ing could be inherited as part of a predisposition 
which given time and environmental factors may lead 
to EH. Since it is present only in some EH patients. 
this observation further indicates that EH is hetero- 
genous in nature. Moreover, high bindings in many 
young children suggest that it is expressed in very 

early childhood. Because the pedigrees are relatively 
small, however, and because the antihypertensive 
treatment, as well as many physiological variables 
tend to affect this binding capacity, the interpretation 
of these results must be made with caution. 
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