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Plasma levels of digitalis-like subs tance in Nigerians 
with essential hyper tens ion 

B. O S O T I M E H I N , S . O. A. L A W A L \ A . O . I Y U N \ A . O . F A L A S E * , M A R I E - G A B R I E L L E 
P E R N O L L E T t , M A R I E - A U D E D E V Y N C K t A N D P. M E Y E R t 

Departments of Chemical Pathology and 'Medicine, College of Medicine, University of lhadan, 
and tU7 INS Eli M, Mpartement de Pharmacologic, Udpital Necker, Paris, France 

S u m m a r y 

A p l a s m a N a + - K + ATPasc inh ib i to r , which is 
e s t i m a t e d by a technique in which it c o m p e t e s 
with ouaba in for binding on red cel ls , 
was m e a s u r e d in three g roups of ind iv idua ls : 
( a ) no rmotens ive subjects wi thou t a fami ly 
h i s to ry of hyper tension, (b) n o r m o t e n s i v e sub-
j e c t s with a family history of h y p e r t e n s i o n , 
(c) u n t r e a t e d essential hyper tens ive s u b j e c t s . 
T h e m e a n value of the inhibi tor in g r o u p (b) 
s u b j e c t s was significantly higher t h a n t h e m e a n 
v a l u e in g r o u p (a). The mean va lue in g r o u p (c) 
s u b j e c t s was also significantly h ighe r t h a n in 
g r o u p (a) subjects . However , t h e m e a n s of the 
v a l u e s in g roups (b) and (c) w e r e no t signifi-
can t ly d i f fe ren t . The re was a s ignif icant pos i t ive 
c o r r e l a t i o n be tween the levels of the inh ib i to r 
a n d t h e urinary N a + excret ion in all s u b j e c t s . 
H o w e v e r , there was no corre la t ion b e t w e e n t h e 
i nh ib i t o r levels and mean ar ter ial p r e s s u r e . T h e 
r e l e v a n c e of these results to the p a t h o p h y s i o -
logy of hypertension in the black A f r i c a n 
s u b j e c t is discussed. 

R e s u m e 

L 'ac t iv i te d 'un inhibitcur de t r i p h o s p h a t a s e 
d ' a d e n o s i n e sodique et po tass ique d a n s le 
p l a s m a sanguin a ete estimd selon u n e techni -
q u e mesuran t I 'affinitc de b o n d a g e c o m p e t i t i f 
su r les corpuscules rouges cn t r c l ' i nh ib i t eu r et 
l ' o u a b a i n e , chez trois g roupes d ' i n d i v i d u s qu i 
inc luen t : (a) Les gens normotens i f s s a n s liis-
to i re familiale d 'hypertension a r te r i e l l e , ( b ) Les 

Correspondence: Babatundc Osotimclun. Depart-
ment of Chemical Pathology, College of Mcdicinc, 
University of Ibadan, lhadan. Nigeria. 

g e n s n o r m o t e n s i f s avec histoire familiale 
d ' h y p e r t e n s i o n , (c) Les gens d 'hypertension. 
L e s t aux m o y e n s d ' inhib i tcur dans le groupe (b) 
e t le g r o u p e (c) sont significativement super-
i eu r s ft celui du g roupe (a). Neanmoins il n'y a 
pas d e d i f f e r e n c e signifiante ent re le groupe (b) 
et le g r o u p e (c) . II y a une signifiante correla-
t ion pos i t ive e n t r e les taux d ' inhibitcur et de 
n a t r i u m ur ina i rc dans tous les groupes. Cepen-
d a n t il n 'y a pas de correlat ion entre les taux 
d ' i n h i b i t c u r et la tension arterielle moyenne. 
L ' impl i ca t ion de ces nSsultats sur la pathophy-
s iologic de 1 'hypertension arterielle chez les 
A f r i c a i n s no i r s est discute. 

I n t r o d u c t i o n 

A p l a s m a N a + - K f A T P a s e inhibitor (i.e. puta-
t ive n a t r i u r e t i c fac tor ) has been suggested to be 
of c o n s e q u e n c e in the pathogenesis of hyper-
t ens ion (1-3) . Physiological studies in experi-
m e n t a l a n i m a l s have demons t ra ted that the 
s c r u m levels of the factor respond briskly to 
c h a n g e s in ext race l lu lar volume (4,5). and 
s t u d i e s in p a t i e n t s with pathological expansion 
of p l a s m a v o l u m e , e .g . acromegaly , have con-
f i r m e d its e l eva t ion [6). Since the suggestion in 
p r e v i o u s s t u d i e s is that volume factors may 
play a s igni f icant role in the pathogenesis of 
e s sen t i a l hype r t ens ion in the black subject 
(7 -9 ) , w e d e c i d e d to study Na*-K + ATPasc 
ac t iv i ty in o u r pa t i en t s in an a t tempt to pro-
v ide t h e m u c h n e e d e d informat ion for fur ther 
e v a l u a t i o n of this initial impress ion. We believe 
tha t th is e f f o r t m a y assist in the unders tanding 
of t h e b io logy of this impor tan t disease in this 
e n v i r o n m e n t . 

231 

DIG
ITIZED BY E-LA

TUNDE O
DEKU LI

BRARY C
OLL

EGE O
F M

EDIC
IN

E, U
I



232 B. Osotimehin ct al. 

Patients and methods 

Fifty-two subjec ts were recruited into the s tudy 
a f te r careful clinical and biochemical assess-
ment . These comprised three groups . 

(a) Twenty control subjects without a family 
history of hypertension. T h e r e were 12 males 
and eight females in this subgroup , with an age 
range of 19-68 years and a mean of 43 ± 12 
years (s .d.) . T h e mean arterial pressure 
( M A P ) ranged f rom 70 to 93.3 with a mean of 
83.3 ± 6 (s .d.) . 

(b) Thir teen control subjects with a def ini te 
family history of hypertension, i .e. at least o n e 
parent had been medically a t tended on account 
of essential hypertension. T h e r e were seven 
males and six females in this subgroup, with an 
age range of 22-71 years and a mean of 45 ± 7 
years (s .d.) . T h e M A P ranged f rom 76.3 to 100 
with a mean of 86.6 ± 11 (s .d.) . 

(c) Nineteen subjects who presented with 
essential hypertension. This subgroup consisted 
of 10 males and nine females, with an age of 23 -
75 years and a mean of 43.5 ± 12 years (s .d.) . 
T h e M A P ranged f rom 110 to 160 with a mean 
of 133.3 ± 10 (s.d.) . 

None of our subjects had: (i) a sc rum creati-
nine value higher than 0.9 mg/100 ml, (ii) obes-
ity as ad judged by their heights and weights, 
(iii) exposure to any form of medicat ion. 

Blood pressure measurements 

T h e blood pressure was measured in the supine 
position af ter adequa te rest taking the fifth 
phase of the Koroktoff sound as the diastolic 
pressure. All blood pressures were recorded 
f rom the right arm by the same observer 
(B .O . ) . 

Preparation of plasma samples 

Venous blood was collected with hepar in as an 
anticoagulant in ice-chilled tubes. T h e samples 
were centr i fuged initially at 3(KK) x g to sep-
arate the plasma. T h e red cells and buffy coat 
were discarded and the plasma boiled immedi-
ately in a water-bath for 15 min. The protein 
coagulum was broken into small f ragments and 
the mixture was separa ted and s tored at - 8 0 ° C 
for processing. 

3 H-Ouabain binding to erythrocytes 

T h e binding exper imen t s were performed ac-
cord ing to the m e t h o d s described by Devynck 
el al. [3| . Fresh red blood cells, obtained from 
sub jec t s w h o did not have a family history of 
hype r t ens ion , were washed using a Tris-HCl 
bu f f e r and m a d e u p to an haematocri t of 
be tween 1% a n d 3 % . T h e cells were then in-
cuba ted for 5 h at 37°C in the presence of five 
d i f fe ren t concen t ra t ions of 3 H-ouaba in (ranging 
f rom 2 x 10" 9 to 2.5 x 10" 8 M). Non-specific 
( n o n s a t u r a b l e ) b inding was also assessed by 
runn ing paral lel assays in the presence of excess 
unlabcl led ouaba in (10~ 4 M). 

T h e d i f ferent ia l b ind ing in the absence and 
p resence of excess cold ouaba in was taken as 
specific b inding. B o u n d radioactivity was sepa-
ra ted f rom f r ee radioact ivi ty on a Millipore 
f i l t rat ion system using W h a t m a n G F C filters. 
T h e fi l ters were subsequen t ly dr ied and the 
radioactivi ty c o u n t e d . 

Binding p a r a m e t e r s , a p p a r e n t affinity and 
n u m b e r of b ind ing sites we re de te rmined by 
c o m p u t e r analysis of Sca tchard plots . In study-
ing o u r sub jec t s , b inding e x p e r i m e n t s were car-
ried out in the p re sence of p fasma extracts and 
the K|> values were de r ived . T h e ability of the 
p lasma ex t rac ts to c o m p e t e with ouaba in was 
quan t i f i ed by the Kd1 /K|> ra t io where K D ' 
and K d r ep re sen t the a p p a r e n t aff ini t ies of 
ouaba in for the si tes in the presence and 
absence of p l a sma , respect ively. 

Determination of electrolytes and creatinine 

S e r u m and ur inary N a + were es t imated by the 
usual f l ame p h o t o m e t r i c m e t h o d s , while serum 
b i c a r b o n a t e and c rea t in ine were by the stan-
da rd au toana lyse r m e t h o d s . All the est imations 
had a d e q u a t e in ternal and external controls. 

Statistical analysis 

This was p e r f o r m e d using S tuden t ' s /-test, and 
signif icance levels we re checked for in standard 
statistical tab les using 9 5 % confidence limits. 

Results 

Even though the re were obvious differences in 
the scat ter of the K|> ratios in the three patient 
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Digitalis-tike substance in essential hypertension 233 

groups, t he re was a g rea t dea l of o v e r l a p be-
tween one g r o u p a n d the o t h e r (F ig . 1). T h e 
values in g r o u p A s u b j e c t s ( c o n t r o l s w i thou t 
family history) r anged f r o m 0.52 t o 1.28 wi th a 
mean value of 1.03 ± 0 .19 ( s . d . ) , whi le t h e 
values in g r o u p B ( con t ro l s wi th fami ly h i s to ry) 
ranged f r o m 1.00 to 1.60 wi th a m e a n of 1.32 ± 
0.17 s .d . T h e va lues in g r o u p B s u b j e c t s w e r e 
significantly h igher t h a n those in g r o u p A indi-
viduals (P < 0 .001) . T h e Kj> va lues in g r o u p C 
subjects w e r e even h ighe r t h a n in t h e t w o p re -
vious groups . T h e va lues r a n g e d f r o m 1.08 t o 
2.65 with a m e a n of 1.63 ± 0 . 4 5 ( s . d . ) . T h i s 
mean was signif icantly h ighe r t h a n t h e m e a n of 
the g roup A ra t ios ( P < 0 .001) . W h e n c o m -
pared with the m e a n of t h e g r o u p B s u b j e c t s , 
there was a slight d i f f e r e n c e bu t no t as r e m a r k -
able as the d i f f e r e n c e b e t w e e n g r o u p s A a n d C . 

A 

B 

Controls without 
fomtly history 

Controls with 
fomily history 

Potients with 
essential hypertension 

Fig. I. Scattergram showing the K,> ratios in the three 
groups studied. (A) controls without family history, 
(B) controls with family history. (C) patients with 
essential hypertension. 

Thus it would a p p e a r tha t t h e v a l u e s in t h e 
hypertensives a n d t h e con t ro l s wi th a fami ly his-
tory are c o n t i n u o u s ( i .e . l ike t hey a r e d e r i v e d 
from the s a m e p o p u l a t i o n ) w h e r e a s t h e v a l u e s 
from the sub jec t s w i thou t fami ly h i s to ry a r e dis-
crete and sepa ra t e . 

There was a posi t ive c o r r e l a t i o n b e t w e e n 
24-h ur inary Na ( U N a ) a n d K|> ra t ios in 
all the th ree g r o u p s of s u b j e c t s ( g r o u p A : r — 
0.71, P < 0 .05; g r o u p B: r = 0 .73 , P < 0 .05 ; 
group C: r — 0 .69 , P < 0 .05 ) . 

Discussion 

W e have a t t e m p t e d to emp loy the new tool of 
indi rect m e a s u r e m e n t s of N a * - K + - A T P a s e in-
h ib i tor to e n a b l e us t o e luc ida te the ro le of 
v o l u m e e x p a n s i o n in t h e pa thophys io logy 
of high b lood p res su re in the Af r i can black 
sub j ec t . 

P r ev ious physiological a n d pharmacolog ica l 
s tud ie s s e e m to suggest that the v o l u m e com-
p o n e n t is impor t an t in the pa tho logy of hyper-
tens ion in the black sub jec t as ev idenced by: 
(i) a high p r e v a l e n c e of low p l a s m a - r c n i n ac-
tivity in mos t s tud ies in black sub jec t s (7,10); 
(ii) the ine f fec t iveness of be t a -b locke r s and the 
s e e m i n g need for a na t r iure t ic agen t fo r e f fec -
tive an t ihype r t ens ive t he rapy [11-13); (iii) the 
racial d i f f e r ences that have been d e m o n s t r a t e d 
in p lasma v o l u m e m e a s u r e m e n t s in c o m p a r a -
tive s tud ie s (8,14); and (iv) the pecul iar i t ies of 
N a * - K + e x c h a n g e across cell m e m b r a n e s in in-
vitro s tud ies (15-17] . 

In con t ras t to these obse rva t ions , the re are 
s tud ies tha t suggest tha t t h e basic d i f f e r ences in 
pa thophys io logy might re la te essential ly to the 
d i f f e r ences in t h e in take of N a * and K* since 
the ur inary N a + / K + ra t io in black sub jec t s is 
usual ly larger than in Caucas ian sub jec t s (18, 
19). This obse rva t ion suppor t s the v iewpoint 
of Seve r et al. (20) that the d i f f e rence in the 
p reva lence of b lood p ressure is re la ted to socio-
e c o n o m i c cond i t ions , since food i tems conta in-
ing K + a re usually m o r e expens ive a n d blacks 
in the a r e a s s tud ied be long to the low socio-
e c o n o m i c g r o u p s . 

In o u r p rev ious s tudies , we have also shown 
that mos t of o u r hyper tens ive pa t ien ts be long to 
the low renin subse t (21). H o w e v e r , in o u r 
p l a s m a v o l u m e s tud ies , the ma jo r i t y of o u r 
pa t i en t s had c o n t r a c t e d p lasma v o l u m e com-
p a r e d with con t ro l s (22). T h e s e resul ts , we fel t , 
w e r e not cons i s ten t , so we dec ided to investi-
g a t e the vo lume c o m p o n e n t using a n o t h e r tool 
— t h e assessment of a c i rcu la t ing N a + - K + 

A T P a s e inhib i tor — since this has been d e m o n -
s t r a t ed to be a sensi t ive index of the b lood 
v o l u m e . Signif icant increases of the inhib i tor 
f ac to r have b e e n r e p o r t e d in r e sponse to acu t e 
p l a s m a v o l u m e expans ion in bo th m a n and ex-
p e r i m e n t a l an imals (4,5). Clinical s tud ies of pa-
t i en t s wi th a c r o m e g a l y w h o have d e m o n s t r a b l y 
e l e v a t e d p l a s m a v o l u m e s have shown a signi-
f icant d e c r e a s e in the inhibi tory fac tor a f t e r 
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234 I f . Osotimehin ct al. 

e f fec t ive t r ea tmen t of the pr imary disease |6 ] . 
T h e results of o u r present s tudies indicate 

that the inhibi tor values in o u r hyper tens ive 
sub jec t s a re slightly higher than in the two con-
trol g r o u p of sub jec t s , but the re is a great dea l 
of over lap in the scat ter of the values. I n d e e d , 
5 0 % of the hyper tens ive pa t ien ts had values 
within the same range as the controls . T h e 
p r o b a b l e implication of this observa t ion is that 
t h e vo lume componen t of the disease is not p re -
dominan t in most of o u r pa t ients a f t e r all. 
H o w e v e r , the re is a suggestion that it might be 
cont r ibutory in some of t h e m . 

We a t t emp ted to relate inhibi tor fac tor 
values to the chronicity of illness. Th i s is in re-
sponse to a previous pos tu la te , which suggests 
that in the early phases of hyper tensive disease 
the re is probably an increase in p lasma vo lume 
that gradually contrac ts as the disease b e c o m e s 
established [23]. W e encoun te red cons iderab le 
difficulty with this as it is virtually impossible to 
put a def ini te t ime-point to the onset of hyper-
tension. All the pat ients were recrui ted f resh on 
first consultation and that was when they were 
m a d e aware of their disease. It might be poss-
ible at a later date to design animal model 
exper iments to study the dynamics of the in-
hibitor factor in response to the progress 
of hyper tension. 

O u r results a re similar to those ob ta ined in 
the same laboratories in Caucasian sub jec t s [3| . 
They strengthen the evidence of those w h o 
argue that there a re no racial d i f fe rences 
in the plasma volume of hypertensives [24,25]. 
Fu r the rmore , the study of N a + - K + A T p a s e in-
hibitor by Macgregor el al. (1), using a d i f fe ren t 
detect ion system, obta ined similar resul ts , 
showing that there were no d i f ferences be tween 
the blacks and the whites in their series. 
Howeve r , G r u b e r el al. [2,26] showed distinct 
racial d i f ferences in their studies. 

We believe that our da ta are likely to be a 
t rue reflection of the pathophysiology of the 
disease in black subjec ts , as our pa t ien ts den ied 
a prior exposure to any form of medica t ion that 
might affect the results of the b inding s tudies . 
T h u s , work ing on this p remise , it would s eem 
that an increase in plasma vo lume does not 
p r edomina t e in the sus tenance of b lood pres-
sure in our hyper tensive subjects . It is possible 
that it plays an impor tan t role in the init iation 
of disease but once it is es tabl ished o t h e r 
mechan i sms come in to ope ra t ion . 
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