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S u m m a r y 

N i f e d i p i n e , a 1 ,4 -d ihydropyr id ine a n t i h y p e r t e n -
sive d r u g , inh ib i t ed the basa l act ivi ty of e r y t h r o -
cyte C a 2 + , M g 2 + - A T P a s e of hype r t ens ive 
ind iv idua ls in a c o n c e n t r a t i o n - d e p e n d e n t m a n -
ner . A b o u t 5 0 % inhib i t ion was o b t a i n e d at 
n i f ed ip ine c o n c e n t r a t i o n s ^ 300 jim. T h e 
e x t e n t of inh ib i t ion of t he A T P a s e ac t ion was 
i nc rea sed in t h e p r e s e n c e of c a lmodu l in . Maxi -
mal inh ib i t ion at 400 jam w a s 7 6 % . Fur-
t h e r m o r e , t h e act ivi ty of t h e par t ia l ly t ryp-
sinized e n z y m e w a s inh ib i ted by a b o u t 5 0 % 
by 300 jim n i f ed ip ine . Similar resul ts w e r e 
o b t a i n e d wi th m e m b r a n e s f r o m n o r m o t e n s i v e 
ind iv idua ls . 

T h e s e findings suggest tha t n i f ed ip ine could 
p r e v e n t C a 2 + - p u m p i n g by the e r y t h r o c y t e 
C a 2 + , M g 2 + - A T P a s e . 

Resume 
N i f e d i p i n e , un m e d i c a m e n t an t ihypc r t ens i f d e 
1 ,4 -d ihydropyr id ine a inhibd l 'act ivit£ basa l d e 
( ' e r y t h r o c y t e C a 2 + , M g 2 + - A T P a s e d e s p e r s o n -
n e s h y p e r t e n s i v e s d ' u n e faqon e n t r a i n a n t u n e 
d e p e n d e n c e d e c o n c e n t r a t i o n . O n a o b t e n u a 
p e u pri is 5 0 % d e ( ' inhibi t ion ut i l isant d e s 
c o n c e n t r a t i o n s d e n i fed ip ine d e > 300 jim. 
A v e c la p r e s e n c e de c a l m o d u l i n , le d e g r 6 d e 
l ' inh ib i t ion d e 1"ATPase a a u g m e n t s . L ' inh ib i -
t ion m a x i m a l e & 400 e ta i t de 7 6 % . E n 
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o u t r e , l 'act ivi td d e T e n z y m e p a r t i e l l e m e n t t r yp -
sin<3e a 6t6 i nh ib6e p a r & p e u p r d s 5 0 % k 
300 |im d e n i f e d i p i n e . O n a o b t e n u d e s 
resu l ta t s s e m b l a b l e s a v e c les m e m b r a n e s d e s 
p e r s o n n e s n o r m o t e n s i v e s . 

C e s rdsu l ta t s d o n n e n t 1 ' impress ion q u e n i fe -
d ip ine p o u r r a i t e m p e c h e r C a 2 * d ' e t r e pomp<5 
p a r l ' e ry th rocy t e d e C a 2 * , M g " * - A T P a s e . 

I n t roduc t i on 

N i f e d i p i n e , a 1 , 4 - d i h y d r o p y r i d i n e c a l c i u m e n t r y 
b l o c k e r , is wide ly u sed in t h e m a n a g e m e n t of 
sys temic h y p e r t e n s i o n [1,2] . A l t h o u g h t h e r e is 
a b u n d a n t e v i d e n c e tha t ' C a i + e n t r y b l o c k e r s 
i n t e r f e r e wi th t h e in f lux of C a 2 * t h r o u g h s low 
C a 2 * c h a n n e l s in t he p l a s m a m e m b r a n e [3 -6 ] , it 
s e e m s p r o b a b l e t ha t t h e s e b l o c k e r s m a y in t e rac t 
with o t h e r c a l c i u m - b i n d i n g p r o t e i n s a n d 
c a l c i u m - d e p e n d e n t e n z y m e s . F o r i n s t a n c e , t he 
in te rac t ion of f e l o d i p i n e , a n o t h e r 1,4-
d i h y d r o p y r i d i n e a n t i h y p e r t e n s i v e d r u g , wi th 
ca lmodu l in h a s b e e n s h o w n t o resu l t in a n 
a l t e r a t i on in t h e C a 2 + - b i n d i n g p r o p e r t i e s of t h e 
p ro t e in (7). F u r t h e r m o r e , n i f e d i p i n e a n d re -
la ted s u b s t a n c e s a r e n o w k n o w n t o a n t a g o n i z e 
c a l m o d u l i n a n d t o inhib i t c a l m o d u l i n -
s t imu la t cd a n d basa l ac t iv i ty of cyclic A M P 
p h o s p h o d i e s t e r a s e (8,9] . W e h a v e r ecen t ly 
s h o w n tha t n i f e d i p i n e inh ib i t s t h e basa l a n d 
c a l m o d u l i n - s t i m u l a t e d ac t iv i ty of e r y t h r o c y t e 
C a 2 + - p u m p i n g A T P a s e [10], a n in tegra l p l a s m a 
m e m b r a n e p r o t e i n wh ich m o v e s C a 2 + ions 
ac ross t he p l a s m a m e m b r a n e aga ins t a 10,000-
fold c h e m i c a l c o n c e n t r a t i o n g r a d i e n t wi th 
e n e r g y d e r i v e d f r o m t h e hydro lys i s of A T P [11]. 

In v iew of t he o c c u r r e n c e of a n e l e v a t e d 

61 

DIG
ITIZED BY E-LA

TUNDE O
DEKU LI

BRARY C
OLL

EGE O
F M

EDIC
IN

E, U
I



62 Erythrocyte Co**-pump inhibition by nifedipine 

intracellular free Ca 2 + concentrat ion in essen-
tial hypertension [12] and of the finding that 
erythrocyte membrane C a 2 + , M g 2 + - A T P a s e of 
hypertensive humans [ 13] and of spontaneously 
hypertensive rats [14] exhibits a reduced re-
sponsiveness to calmodulin, it was thought 
desirable to examine the behaviour of this 
p u m p protein in the presence of nifedipine. In 
this paper , we present evidence that nifedipine 
antagonizes calmodulin and inhibits the C a 2 + -
pumping ATPase of the erythrocyte membrane 
of hypertensive humans. The calcium entry 
blocker also inhibits the activity of the partially 
trypsinized membrane-bound enzyme. 

Materials 

Ethyleneglycol - bis - (aminoethylether) N,N, 
N ' .N ' - t e t r a acetic acid ( E G T A ) , adeno-
sine 5 ' - t r iphosphate (vanadium free) , 4-(2-
hydroxyethyl) - 1 - piperazine-ethanesulphonic 
acid ( H E P E S ) , bovine serum albumin (fatty 
acid-free) and phenylmethylsulphonylfluoride 
(PMSF) were purchased from Sigma Chemical 
C o . , Poole. Dorset , U .K . All other reagents 
were of the highest purity available and were 
purchased from Fluka A G , Zurich, Switzerland 
and British Drug Mouses, U .K . 

Patients and methods 

Isolation of calmodulin-free erythrocyte ghost 
membrane 

Blood samples were collected in acid-citrate-
dextrose buffer f rom individuals who were 
newly identified as having essential hyperten-
sion and who did not receive any medication or 
dietary therapy prior to the time blood was 
collected. Calmodulin-deficicnt erythrocyte 
ghost membranes were prepared af ter haemoly-
sis in 1 niM E G T A , essentially as described by 
Dodge et al. [15] and as previously reported 
[16]. Ghost membranes were stored in 130 m\ i 
KCI, 20 mM Hepes , pM 7.4, 500 hm MgCl2 and 
50 JIM CaCI2 at - 4 0 ° C . All solutions contained 
0.1 mM PMSF. 

Determination of erythrocyte ghost membrane 
protein 

Membrane protein was determined by the 

method of Lowry et al. (17], as modif ied by 
Markwell et al. (18] following precipitat ion by 
t rea tment of whole m e m b r a n e prepara t ions 
with 0 .05% (w/v) dcoxycholic acid and 10% 
T C A . Fatty acid-free serum albumin was used 
as a s tandard. 

Assay of Ca2* ,M}f + -A TPase activity 

C a 2 + , M g 2 + - A T P a s e activity was de te rmined 
by following the rate of liberation of inorganic 
phosphate f rom the y p o s i t i o n of A T P , as 
previously described (16]. Reaction medium 
contained in final concentrat ions: 120 m.vt KCI, 
50 mM Hepes p H 7.4, 5 niM MgCU, 2 niM 
CaCl2 , 5 niM E D T A and 50-100 ng m e m b r a n e 
protein in a total volume of 900 jil. Alicjuots of 
nifedipine were added where necessary. T h e 
reaction was s tar ted by the addit ion of 2 mM 
ATP. The assay was run in duplicate with or 
without calmodulin (120 nsi). At the end of 
30 min, 10% sodium dodecylsulphate was used 
to terminate the reaction. T h e inorganic phos-
phate liberated was est imated colorimetri-
cally. C a 2 + , M g 2 + - A T P a s e activity was obta ined 
by subtracting M g 2 + - A T P a s e activity f rom total 
activity in the presence of calcium. 

Limited proteolysis of membranes by trypsin 

Plasma membranes (75 ng pro te in) were incu-
bated with trypsin (8.5 x 1 0 - 7 M) in an 
incubation medium containing 50 mM K - H e p e s 
(pH 7.4), 120 niM KCI, 0.1 mM ouaba in , 5 niM 
MgCU, 2 mM CaCI2 and 5 niM E D T A . Proteo-
lysis was started by adding the protease and 
incubating at 20°C for 60 min. 

T ryptic digestion was s topped by the addit ion 
of a 10-fold concentrat ion of soybean trypsin 
inhibitor, and the C a 2 + , M g 2 + - A T P a s e activity 
of the membranes was assayed in the presence 
of aliquots of nifedipine. In some exper iments 
C a 2 + , M g 2 + - A T P a s e was assayed in the 
presence of calmodulin (120 nm). 

Results 

The da ta presented in Table 1 show that the 
basal activity of erythrocyte membrane C a 2 + . 
Mg + - A T P a s e of hypertensive humans was 
inhibited by nifedipine in a concentrat ion-
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O. O. O/orttfisogo cl al. 63 

Table I. Influence of nifedipine on erythrocyte plasma membrane 
C a 2 ' , M g 2 ' - A T P a s e of hypertensive humans 

C a 2 ' ,Mg 2 ' -ATPase activity 
(fimol Pi/mg protein/h) 

Nifedipine 
(|»M) Basal Calmodulin-stimulated 

0 0.59 ± 0.06 1.62 ± 0 . 0 9 
50 0.56 ± 0.05 1.11 ± 0 . 0 9 

1(H) 0.49 ± 0.06 0.71 ± 0.08 
2(H) 0.37 ± 0.05 0.39 ± 0.03 
3(H) 0.30 ± 0.03 0.35 ± 0.03 
4(H) 0.30 ± 0.03 0.33 ± 0.02 

Each value is a mean of six determinations ± standard deviation. 

d e p e n d e n t m a n n e r . S ign i f ican t inh ib i t ion (5= 
3 7 % ) of th is A T P a s e ac t ion w a s o b t a i n e d at 
n i f ed ip ine c o n c e n t r a t i o n s g r e a t e r t h a n o r e q u a l 
to 2(H) jiM, wh i l e m a x i m a l inh ib i t ion ( 4 9 % ) w a s 
a t t a i n e d at 3(H) }i\t n i f e d i p i n e . T h e re su l t s s h o w 
f u r t h e r t ha t t h e e x t e n t of inh ib i t ion of t he 
e n z y m e w a s h i g h e r in t he p r e s e n c e of c a l m o d u -
lin t h a n in its a b s e n c e . In th is i n s t ance , m a x i m a l 
inhib i t ion of a b o u t 7 6 % w a s o b t a i n e d a t 
400 n i f e d i p i n e . In t e re s t ing ly , n i f ed ip ine 
(50 hm) s igni f icant ly inh ib i t ed (by 3 0 % ) th is 
A T P a s e a c t i o n . T a k e n t o g e t h e r , t he se resu l t s 
indica te t h a t , a l t h o u g h the basa l act ivi ty of t he 
p u m p is on ly par t ia l ly inh ib i t ed by n i f ed ip ine , 
t he c a l m o d u l i n - s t i m u l a t e d e n z y m e is m o r e sus-
cep t ib le to t he e f fec t of t he a n t i h y p e r t e n s i v e 
d r u g . T h e s e resu l t s a r e in a g r e e m e n t with 
p r ev ious f ind ings in o u r l a b o r a t o r y o n the 
e f f ec t s of n i f ed ip ine on the C a 2 + - A T P a s e of t he 
m e m b r a n e s of n o r m a l a n d hca l thv indiv iduals 
[10]. 

In o r d e r to a sce r t a in w h e t h e r n i f ed ip ine 
in te rac t s d i rect ly wi th t he A T P a s e o r p r e v e n t s 
ca lmodu l in f r o m b ind ing t o t he e n z y m e , w e 
inves t iga ted t he e f fec t of t he d r u g on par t ia l ly 
t ryps in ized e r y t h r o c y t e m e m b r a n e C a 2 + , M g 2 + -
A T P a s e which was no longer s t i m u l a b l e by 
ca lmodu l in . O u r f ind ings , s u m m a r i z e d in T a b l e 
2 , indica te tha t t he e n z y m e f r o m n o r m o t e n s i v e 
or h y p e r t e n s i v e indiv iduals w a s s t i m u l a t e d by 
mild t r e a t m e n t with t ryps in . A d d i t i o n s of 
varying a m o u n t s of n i f ed ip ine t o t he r eac t ion 
m e d i u m revea l ed tha t the act ivi ty of t he trypsi-
nized e n z y m e of t he m e m b r a n e s of h y p c r t e n -

Table 2. Effect of nifedipine on the activity of 
partially trypsinized erythrocyte membrane C a 2 ' . 
Mg'*-ATPase of normotensive (NTN) and hyperten-

sive (HTN) humans 

Ca 2 ' .Mg 2 *-ATPase activity 
(nmol Pi/mg protcin/h) 

Nifedipine 
( f i M ) NTN HTN 

0 4.34 ± 0.38 3 98 ± 0.43 
50 3.51 ± 0.29 3 36 ± 0.31 

100 2.63 ± 0.21 2.42 ± 0.22 
200 2.20 ± 0.22 1.99 ± 0.21 
300 2.16 ± 0.20 1.88 ± 0 . 2 3 
400 2.14 ± 0 . 1 5 1.87 ± 0 . 1 9 

Each value is a mean of six determinations ± 
standard deviation. 

sive a n d n o r m a l ind iv idua l s was inh ib i t ed by 
n i f ed ip ine . T h e lowest ( 1 6 - 2 0 % ) . a n d h ighes t 
(51—53%) va lues of inh ib i t ion w e r e , r e spec -
t ively, o b t a i n e d at 50 a n d 500 jim n i f ed ip ine in 
n o r m a l a n d h y p e r t e n s i v e s u b j e c t s . 

Discussion 
A l t h o u g h t h e use of ca l c ium e n t r y b l o c k e r s in 
t h e t r e a t m e n t of ca rd iovascu l a r d i s ea se h a s its 
r o o t s in t h e abi l i ty of t he se d r u g s to p r e v e n t 
c o n t r a c t i o n of c a rd i ac a n d s m o o t h musc le by 
i n t e r f e r i n g wi th t he e n t r y of ca l c ium t h r o u g h 
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64 Erythrocyte Co2'-pump inhibition by nifedipine 

the slow calcium channels of excitable cells, the 
concept of a specific channel which allows the 
passage of C a 2 + has been extended to non-
excitable cells such as the erythrocytes [ 19]. T h e 
present results show that nifedipine inhibits the 
erythrocyte membrane C a 2 + , M g 2 + - A T P a s e of 
hypertensive subjects, whether or not calmodu-
lin is present (Table 1). These results suggest, in 
part icular , that nifedipine could interact with 
the erythrocyte Ca 2 + -pumping ATPase of 
hypertensive humans , such that few C a 2 + ions 
a rc t ranspor ted out of the cell even in the 
presence of calmodulin. 

It appears , therefore , f rom these findings 
that the interaction of nifedipine with erythro-
cyte C a 2 * , M g 2 + - A T P a s e and calmodulin could 
produce an effect that is opposed to the ability 
of nifedipine to reduce the level of intracellular 
f ree C a 2 + in essential hypertension. Even 
though the experiments reported here were not 
carried out under the same conditions that 
prevail in essential hypertension, the involve-
ment of o ther Ca 2 + transport systems in the 
regulation of intracellular f ree C a 2 + concentra-
tion during exposure to nifedipine may not be 
ruled out . The active participation of such a 
system will be inevitable if the level of intracel-
lular free C a 2 + must remain very low. Alterna-
tively. the ability of nifedipine to complex Ca 2 + 

should reduce the level of intracellular free 
C a 2 + , especially at very high doses of the drug. 

Apar t f rom calmodulin, acidic phospholipids 
and unsatura ted long chain fatty acids, limited 
proteolysis by trypsin [11] or calpain |20], an 
endogenous Ca 2 + -dependen t neutral protease, 
will activate the erythrocyte membrane C a 2 + , 
Mg 2 + -ATPase . The finding that the activity of 
the partially trypsinized enzyme was sensitive to 
nifedipine (Table 2) provides additional evi-
dence that the 1,4-dihydropyridine interacts 
directly with the ATPase . Fur thermore , the 
observation that limited proteolysis by trypsin 
raised the activity of the enzyme of hyperten-
sive subjects to about the same level (or 
stimulation fold by calmodulin) as that of 
normal membranes supports the suggestion by 
Wang et al. (20] that calpain could irreversibly 
stimulate C a 2 + , M g 2 + - A T P a s e during periods 
of prolonged or uncontrolled increase in intra-
cellular f ree C a 2 + concentrat ion in certain 
pathological states. 

Finally, fur ther research on the effect of 
calpain on the Ca 2 + -pumping ATPase in essen-

tial hypertension should enhance our under-
standing of the mechanism of calcium 
homeostasis in this disease state and dur ing 
nifedipine therapy. 
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