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ICaZ*l= increase is necessary in physiological platelet activity, particularly aggregation and release. The increase o |  
[Ca2+ll observed during platelet activation depends in part on Ca z+ influx from the extracellular medium. The 
participation o! voltage-operated Ca z÷ channels as a pathway for Ca 2+ entry is controversial. In the present study we 
have attempted to reinvestigate this problem by measuring aggregation and ICaZ+h changes in platelets activated by 
ADP or thrombln and incubated with organic or  inorganic blockers of calcium channels. The main findings of the 
present paper can he summarized as follows: (i) Ni  z+, Co z+ and Mn  z+. well known inorganic blockers of Ca 2+ 
channels, inhibited platelet aggregation induced by ADP or thrombin in a dose-dependent manner, Ni  z+ being the most 
efl'ective agent. (it) Thrombln induced a rise in free ICa2+]i in platelets incubated both in I m m o l / I  CaZ+-containing 
medium and in nominally CaZ+-free medium; the rise of free ICa2+k was in the first case up to 370 + 31 nmo l / I  and in 
the secoltd ease up to 242-1-26 nmo l / I ,  indicating that this observed difference was due to Ca z+ entry from the 
extrarellular medium. Co z+ and Ni z+ abolished that diffet'enee by inhibiting Ca z+ influx. (iii) Nis,~ldipine, nitrendipine 
and ninmdipine (10-50 n m o l / I )  inhibited in a dose-dependent manner platelet aggregation induced by either ADP or 
thrombin in platelets incubated in nolmal-Ca z+ nmmaI-K + medium, also, aggregation was inhibited to a similar extent 
in platelets incubated in normal-Ca z+ high-K + medium. (iv) Nisoldiphie - the most effective dihy(kopyridian to inhibit 
platelet aggrogntinn - also inhibited Ca 2+ influx in platelets incubated in normal-Ca 2÷ medium, either in nomaol-K + or 
high-K + media. Oter data support the existence of voltage-operated, dihydropyridine-sensitive calcium channels (L-type) 
and a physiological role for them in platelet function. 

Introduction 

Ca 2+ has a central role in platelet activation. Cyto- 
solic free calcium ([CaZ+]i) increase is cbserved in 
physiological platelet activity, i.e.. aggregation and re- 
lease reaction. The intraeellular increase of Ca 2+ ob- 
served during platelet response results both from the 
internal calcium release and from calcium influx, in 
different proportions depending on the agonist [1]. The 
major pathway for calcium entry in a great variety of 
cells are receptor-mediated and voltage-gated Ca 2÷ 
channels [2-4] as well as N a ÷ / C a  a÷ exchange [5]. The 
role of N a + / C a  2÷ exchange has been described in 
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platelets [6] but  its role in platelet Ca 2+ transport is still 
unclear [3]. It is known that at least three classes of the 
receptor-mediated calcium entry are involved in platelet 
function [8], although the presence of voltage-operated 
Ca 2+ channels in these cells is controversial [9-12]. 

Platelets suspended in physiological medium show a 
resting membrane potential (V  m) of about - 6 0  mV 
[13-15]. and changes in this l/m modify the platelet 
aggregating response [15]. It has recently been pointed 
out that voltage-gated K ÷ channels appear to play a 
role in setting the resting potential [1637]. On the other 
hand it is well established that ADP and thrombin 
induce platelet depolarization mediated by changes in 
Na  + influx [18-20]. Consistent with these findings we 
have reported that low N a  ~ media or  the presence of 
tetrodotoxin inhibit not only platelet aggregation in- 
duced by the same agonists but also the increase in 
[Ca2*l, [21], As a whole, these data lend support to the 
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notion that a voltage-depeod mechanism (voltage-oper- 
ated Ca "~ ÷ channels?) in involved in the entry of Ca z+ 
in platelets. It has been reported that high [K+],,, which 
induces platelet membrane depolarization, increases the 
thrombin-induced Ca 2+ influx, but not resting [Ca2+]i 
[221. This finding would indicate, however, that de, 
polarization may be necessary to activate the voltage- 
operat¢d pathway for Ca 2+ entry but that an additional 
signal, probably generated by the platelet agonists, is 
required. In another approach to this problem, several 
authors have used blockers of voltage-operated Ca 2÷ 
channels, with controversial results. Thus, while Rink 
[23] and Zschauer et al. [24] found no effect of dihydro- 
pyridines, which have specific affinity for L-type Ca 2+ 
channels [25], on platelet activity or Ca 2+ influx, other 
authors [26-28] found the opposite, i.e., an inhibition of 
platelet aggregation and Ca 2+ influx in d;-hy,-Iro - 
pyridine-treated platelets. 

In the present study we have attempted to shed light 
on this controversy. We have studied platelet aggrega- 
tion and [Ca2+]i changes induced by AD P or thrombin 
in normaI-K + and high-K + depolarized platelets. These 
experiments were performed with the use of three dif- 
ferent inorganie blockers of Ca 2+ channels and three 
different dihydropyridines, and they allow us to obtain 
evidence in support of a role of a voltage-operated 
dihydropyddine-sensitive Ca 2+ channel in platelets. 

Materials and Methods 

Preparation ofplatelets. Human blood was obtained 
from healthy volunteers of both sexes, ranging in age 
from 21 to 32 years. They had not taken antiplatelet 
drugs for at least 2 weeks. Blood was anticoagulated 
with 1 / 6  vol. acid citrate/dextrose (ACD). Blood was 
centrifuged at 700 × g for 10 rain to obtain platelet-rich 
plasma (PRP). Platelets were obtained from PRP as 
described elsewhere [15] and resuspended in a standard 
medium containing (in retool/l):  NaCI (140), KC1 (5.4), 
MgCI 2. 6H20  (1.0, dextrose (10) and Hepes (10), main- 
tained at 37°C,  and pH 7.4. In K+-induced depolariza- 
tion experiments, platelel suspensions were performed 
substituting KC1 for NaC1 at the desired concentration. 
Isotonicity was maintained at 294-304 mosmol /kg  H 2 0  
and a pH value of 7.4. Platelets suspended in normal- or 
bigh-K + media were used after incubation with MnC12, 
CoCI 2, NiCI 2 at concentrations ranging from 10 to 100 
/zmol/I, and with nitrendipine, nisoldipine or nimodi- 
pine at concentrations ranging from 10 to 100 nmol / I ,  
at room temperature for 15 min. Nitrendipine, nisoldi- 
pine and nimodipine were a generous gift from Prof. C. 
Grnzalez (Valladolid, Spain). 

Aggregation experiments. Aggregation was assessed at 
37*C with platelets suspended in the different media 
using Born's method [29] and constant stirring at 1100 
rpm with a stirring bar (0.5 cm length). Aliquots of 

platelet suspensions (500 #1) were placed in siliconized 
glass euvcttes (diameter 0.8 cm) for use in a Chronolog 
400 aggregometer equipped with a Yew recorder. The 
platelet count was adjusted to 2.5. 108/ml, and 1.0 
mmol / I  CaCI 2 was added. In ADP-induced platelet 
aggregation 0.5 m g / m l  flbrinogen (Kabi, Sweden) was 
added. Final concentrations of 5 / tmol/I  ADP (Stage, 
Asni~res, France) and thrombia (Behring) 0.1 U / m l  
were used in saline in a volume of 10 /tl. Platelet 
aggregation was evaluated by measuring, in each case, 
the maximal deflection obtained after 5 min of curve 
registration computed as a percentage of maximal ag- 
gregation. 

Measurement of cytosolic free Ca '+. The measure- 
meat of [Ca2+]i was performed using the fluorescent 
calcium indicator fura-2 according to Pollock [30]. 
Platelets obtained as above were loaded with 1 /tmol/1 
fura-2 acetoxymethyl ester (Molecular Probes, Eugene, 
OR, U.S.A.) and washed as described previously [21]. 
The cell count was adjusted to 2 .5 .10  s platelet /nd.  
Fura-2 fluorescence was measured at 37 ° C  in a Kontron 
SFM-50 speetrofluorimeter with 340 nm exeitatinn and 
500 nm emission in the presence and in the absence of 1 
n imol / l  Ca 2+. [Ca2+]t values monitored by observed 
fluorescence were calculated as described elsewhere 
[21,301. 

Measurement of  platelet membrane potential (V,,). In 
the experiments carried out  with high extracellular K +, 
V m was monitored using the fluorescent potentiometric 
dye diS-C3(5) (Nippon, Kankoh-Shikiso, genkoysho,  
Japan) as described previously [15]. The V m for 5.4, 20 
and 40 mM extracellular K + correspond to - 6 3 . 8  + 5.6, 
- 5 0 . 2  5:5.8 and - 4 0 . 6  + 4.6 (mean 5: S.D.; n ~ 10), 
respectively [15]. All the V m values obtained in the 
present study were in this range. 

Results 

Effects of inorganic blocker~ of Ca 2 + channels on platelet 
aggregation and on [Ca" +] j level 

Fig. 1 shows the effects of Co 2+, N i  2+ and Mn z+ on 
platelet aggregation in normal-K + (Vm, - 6 3 . 8  mV and 
high-K + depolarized platelets (V m, - 4 0 . 6  mV). Control 
platelets activated by A D P  5 / tmo l / l  or  thrombin 0.1 
U / m l  showed a significantly inhibited aggregation when 
divalent cations were present in the medium at doses 
ranging from 10 to 100 p.mol/ l  ( P  < 0.001 in all cases). 
Ni  2+ was the cation with largest capacity to block this 
aggregating response. High-K + depolarized platelets 
(V~, - 4 0 . 6  mV) showed a significantly higher ( P <  
0.001) aggregating response to ADP or thrombin than 
platelets suspended in normal-K + medium. In these 
high-K + depolarized platelets, divalent cations also in- 
hibited the aggregating response induced by ADP or 
thrombin but  by a smaller percentage. 

The basal level of [Ca2+]i in resting platelets was 



101 :[: 15 n M  ( m e a n  + S.D., n - 11) bo).h in C a :  ~ con-  
t a in ing  a n d  in nomina l ly  Ca'~+-free med ium.  I n  con t ro l  
Ca  z+ c o n t a i n i n g  saline,  0.1 U / m l  t h r o m b i n  induced  a 
rise in [CaZ+]i f r o m  the" basal  level to 370+_ 31 n m o l / i  
( P < 0 . 0 0 1 ) ,  bu t  in plate le t  su spended  in C a ~ ' - f r e e  
m e d i u m  the [Ca:+] i  increase,  due  to  a Ca  2 mobi l i za -  
t ion  f rom intraeol lular  stores,  was  on ly  up  to  242 +_ 26 
n m o l / l  ( P <  0.001). Thus ,  the  d i f ference  be tween  the  
tw o  levels should  represent  Ca  z"  en t ry  f r o m  the ex- 
t racel la lar  m e d i u m  (Fig.  2A). In  res t ing  platelcts  sus- 
p e n d e d  in con t ro l  Ca  ~- ~ l m m o l / I  c o n t a i n i n g  sal ine o r  
in Ca :+- f rec  m e d i u m ,  Ni  a+ or  C o  ~÷ a t  c o n c e n t r a t i o n s  
o f  [0,  50 and  100 ~ .mo l / t  d id  no t  induce  any  s igni f icant  
c h a n g e  of  f luorescence.  O n  the  cortfrary, in  platelets  
ac t ivated by  t h r o m b i n  0.1 U / m l  in  Ca2+-con ta in ing  
m e d i u m ,  the  same concen t r a t ions  o f  N i  z+ a n d  Co  2+ 
reduced  [Ca~+l~ to levels a lmos t  ident ica l  to those  ob-  
served in Ca2+-free m e d i u m  ind i ca t i ng  tha t  they  com-  
pletely b lock the  Ca ~'+ inf lux  (Fig.  2B). The  s a m e  
pro tocol  car r ied  ou t  in  Ca"*- f ree  m e d i u m  d id  no t  in-  

® 

t 

':I2- 
! 

400  ell ). 1 mmo~L 

Ca ~ 0 mmol~L 

171 

)oa 

I ~  v j 

)oo 
!B] : r" 

i ° L, / ~.:  

~ o 

co'- ~ ~ .  

Fi~. 1. Effects of divalent ions Co 2+, Ni 2+ and Mll p+ o u  olnlclei 
aggregation induced by (A) ADP 5 ~mol/l  and (B) tbrumbin 0.1 
U/ml  in ~litrol pl~lelets {o) and depolarized plalelels (o). Ordinate 
represent~ inhibition of platelet aggx~gation in pe¢cenlage: each point 

rcprcsenls Ihe mean of seven experiments ± S.D. 
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Fig, 2. Chan~¢s ot [Ca2+[i induced by thrombi~ (re'rows) al final concentration 0.1 U/nil  in (A): t mmol/I CaZ+-containing medium and 
nominally Ca2+-free medium, (B): 1 mmol/I Ca2+-contalidng medium in the prc~ence of Co 2+ or Hi 2.  50/lr~ol/L lind (C): nominally Ca2~-fte¢ 
medium in the p~sence of Co 2+ o¢ Nf 2+ S0/~rnol/l. The traces of each group shown are from the same batch of platelels and are replicates of 

sinf.le representative recordings, 



172 

L 
~ 4o 

~ 0 

IDHP) nmoL'L 

(ADP S~umoT/L) {Thrombln 0.1 u/ml) 

Fig+ 3 Effecls of dihydropyridine~ (DttP): nizrendipine (e), nisoldi- 
pine (a) and nimodipine (C3) on platelet aggregalion induced hy ADP 
5 /lmol/I and thrombin 0.1 U/ml. Ordinate represents inhibilion of 
platelel aggregation in percenlage; each point represents the mean of 

seven experiments 4- S.D. 

duce significant changes in Ca  "..+ peak with respect to 
thei~ controls in Ca2+-free medium (Fig. 2C). For  well 
known technical reasons [31], Mn 2+ could not  be used 
in these series of experiments. 

Effects of  dihydropyridines on platelet aggregation and on 
free  [Ca2 +], level 

The effects of different concentrat ions of nimodi- 
pine, nitrendipine and nisoldipine on platelet  aggrega- 
tion induced by A D P  and thrombin are shown in Fig. 3. 
Aggregation induced by 5 ,o.mol/1 A D P  or  0.1 U / m l  
thrombin was inhibited by dihydropyridines in a dose- 
dependent  manner.  The IC5o of nis~ldipine, ::itrendi- 
pine and nimodipine were 21, 25 and  33 n m o l / l ,  respec- 
tively, when A D P  was used as inducer,  and  15, 25, and 
35 nmol / I ,  respectively, when the inducer was throm- 
bin. 
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IABLE 1 
Effects of ni.roldipine an platalet aggregatio, hlduced hA' A DP or throm- 
bin in cnntrol and K + -depolarized platelets 

ne~ult~ are expressed as % of maximal aggregation 3_S.D. n = 8 in all 
cas~. * P < 0.01 ; * * P < 0.001, with resp~t Io the control value for 
each group. 

Nisoldipine Aggregating Place aggrega on:[K'],,.tVm) 
(nmol/I) inducer 5.4 rnmol/I 40 mmol/I 

(-63.8 mV) ( -49.6 mV) 

o ADP 
{5 wmol/I) 21.03:t:3.0 39.1 ± 3.5 

10 15.1 5-4.1(28%)* 17.3_+3.6(56%)" 
20 11.3 ±3.3(45%)** 15.2_+2.1 (61%)** 
50 2.1 5.1.9(90%)** 4.1+1.2(90%)** 

0 i'i::ombin 58.55-2.9 70.5 + 3.8 
l0 (0.l U/ml) 37.54-4.3(36%)* 39.1_+4.2(44%)* 
20 23.74-2.5(61%)** 28.2_+3+1 (60%)** 
50 4.24-2.8(93%)** 8.4_+3.2(88%)** 

Nisoldipine,  the most effective dihydropyridine found 
in these experiments,  was assayed in high-K+ de- 
polarized plntelets. Tab le  [ shows the effects of 10, 20 
and 50 n m o l / l  nisoldipine on platelet  aggregation in- 
duced by 5 , t tmol / l  A D P  and 0.1 U / m l  thrombin  in 
normal  and  high-K + depolarized platelets, In control  
platelets  nisoldipinc significantly inhibi ted ( P  < 0.001) 
the pla te le t  aggregat ion induced by A D P  (28%) and by 
thrombin (36%). The  same dose of nisoldipine signifi- 
cant ly  inhibi ted ( P  < 0.001) the enhanced platelet  ag- 
gregation of controi -K + depolarized platelets  induced 
by either A D P  (56%) or  thrombin  (44%). It  is interest ing 
to note that  the absolute value of  the  inhibition of  
aggregation was similar for each inducer, A D P  and 
thrombin,  in bo th  control  and  K÷-depolar ized platelets.  

t . . . .  ~ t . . . .  t ~'  . . . . .  t . . . . . . . .  K" S.4mmol4, K" S.4rrdllOl/L • 2Omm,,.UL K" 40 mmoUL 

Fig k ... ~:;ges ~f [Ca ~ ]i induced by thrombin (arrows) at final concentralion @.l U/ml in platc!ets suspended in media containing different 
exlracellular [K t ] in (A): Ihe presence Of nisoldlplne tO nrno[/l and (B) the presence of nlsoldiplne 10(I nmol/h The Iraces of each group shown 

are from Ihe same batch of plalelet~ and are replicates of ~ing]e representative recordings. 

r"a 

NS 0 nnYJIIL KN,S 10 nmOl/L NS 1OnntoPL NS 10 nmollL 
5.4 mmollL K" 29 mmol/L K" 40 mmo0L 



Fig. 4A shows sample recordings of the effects of 
nisoldipine 10 nmol / I  and Fig. 4B of nisoldipine 100 
nmol / I  on the free [Ca 2 ' l, level in thrombin-activated 
platelets. Nisoldipine produced a significant inhibition 
of the [Ca2+L rise induced by thrombin in platelets 
suspended in control normal-Ca 2+ normaI-K ~ medium. 
In two batches of thrombin-activated K*-depolarized 
platelets ( V~ - 50.2 mV and - 40.6 mV, respectively). 
the same doses of nisoldipine also induced a significant 
inhibition of the [Ca~-+]i rise. Note that at 10 nmol/I .  
nisoldipine produced a maximal effect, completely 
abolishing the inilux of Ca "~ ÷ and rendering [Ca z~], at 
levels observed in Ca"+-free medium or in Ca2+-con- 
taining medium in the presence of inorganic blockers. 

Discussion 

The results presented in Fig. 1 of this study show 
that well-known inorganic Ca-'+-channel blockers Ni 2+, 
Co 2+ and Mn  2 + inhibit platelet aggregation induced by 
ADP and thrombin in a dose-dependem manner Also, 
these blockers inhibit the [Ca~'÷L rise induced by 
thrombin, both in platelets incubated in 1 m m o l / l  
Ca2+-containing medium and in nominalty CaZ+-free 
medium (Fig. 2). Of the inorganic charmel b~ockers 
tested. Ni "-+ was the most effective in inhibiting platelet 
aggregation. The presence of inorganic channel blockers 
does not affect the basal [Ca2+]i level observed in 
non-stimulated platelets suspended in l m m o l / l  Ca:  ~- 
containing medium or that observed in platelets sus- 
pended in nominally Ca2+-free medium. These data 
indicate the ability of Ni  2.  and Co 2+ to inhibit ex- 
tracenular Ca 2+ influx. These results agree with previ- 
ous observations [24,26.32] and indicate once again the 
presence of functional calcium channels in human 
platelets. However, these data do not allow us to as- 
sume voltage-operated or receptor-operated character- 
istics, because divalent cations, Ni  2+ and Co 2+, block 
both types of channels [25,33]. 

Nisoldipine, nitrendipine and nimodipine at the 
nanomolar range inhibit in a dose-dependent mamxer 
and to a similar extent platelet aggregation induced by 
either ADP or thrombin in normal-Ca ~'+ normal-K + 
incubated platelets or in normal-Ca 2÷ high-K + media. 
Nisoldipine, the most effective dihydropyridine to in- 
hibit platelet aggregation, also inhibits Ca 2+ influx in 
platelets incubated in normal-Ca 2+ medium, with nor- 
mal-K* or high-K* medium. High K + per se in the 
absence of either inducer or nisoldipine did not induce 
changes in [Ca2~]i. Also, at 10 nmol / I  nisoldipine 
produces its maximum effect, completely abolishing the 
influx of Ca 2+ and rendering [Ca2+]i at levels observed 
in Ca2+-free medium or in Ca2+-containing medium in 
the presence of inorganic blockers. 

It has been reported that dihydropyridines fail to 
block platelet activity [23,24]. Other authors observed 
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that nitrendipine antagonizes the [Ca ~ ] ,  increase in- 
duced by ADP. adrenaline, thrombin and C(3P-28392, a 
dihydropyridine calcium ionophore in platelets [27], as 
well as in other cells [34]. The effects observed in our 
experiments indicate that dihydropyridines are able to 
act as effective Ca2÷-channel blockers in platelets. Per- 
haps the discrepancy between present data and those 
aforementioned could be explained by the different 
doses of inducers used. 

Dihydropyridines inhibited platelet aggregation to z 
greater extent than did Ca 2+ rise. This observntior, 
could be explained from other complex effects of dthy- 
dropyridines reported in platelets, such as the inhibition 
of cyclic AMP phosphodiesterase [35], inhibition of 
TXA 2 [32]~ a-adrenergie receptor antagonism [361 and 
particularly the inhibition of fibrinogen binding [37]. 

However, it should be noted that binding studies 
have shown that human platelets seemed to be devoid 
of specific receptors for dihydropyridines [38]. However, 
it has been reported for other tissues that the affinity of 
dihydropyridines for calcium channels is conditioned by 
their functional state [39,40]. In this sense, it has been 
shown in adrenomedullary tissue that [3H]nitrendipine 
binding depends on V m and is considerably enhanced 
by depolarization [39]. The dihydtopyridine binding 
experiments carried out in human platelets were per- 
formed only on resting platelets. Furthermore, the fact 
that high K + itself does not increa.~e [Ca2+]i would 
indicate that in addition to V m chauges, another signal 
(the agonist (e.g., ADP or thrombin) or a inlracellular 
signal generated by the agonist) is required. This ad- 
ditional signal might be necessary for lhe dihydro- 
pyridine interaction with the Ca z+ channel. Thus, the 
lack of evidence for specific dthydropyridine receptors 
in human platelets could be explained in this manner 
and. therefore, should be reinvestigated. 

It is known that in different tissues dihydropyridines 
at nanomolar  concentrations are able to block the volt- 
age-operated Ca 2+ channels [41,42]. Under our condi- 
tions, the inhibitory effect obtained with such con- 
centrations suggests that dihydropyridines may be acting 
on this type of Ca 2 ~ channels. It has been described 
that some dihydropyridines such as nicardipine at the 
micromolar range are able to block Ca 2+ influx induced 
by several agonists [28], this effect being attributed to 
receptor-operated calcium channel inhibition. However, 
it is necessary to point out that an inhibition of calcium 
flow through the voltage-operated calcium channel also 
occurs in some cases at p,M concentrations [43,44]. In 
addition, several authors have suggested the presence of 
a vestigial population of voltage-operated Co 2÷ chan- 
nels in human platelets or tile presence of a receptor 
operated Ca '÷  channel whose permeability could be 
increased by membrane depolarization, as occurs in 
other cells [22,45]. 

In conclusion, the data presented in this study dem- 
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onstrale that dihydropyridine-sensi t ive mechanisms par-  
ticipate in the Ca  ~-+ entry pa thway  dur ing  platclct 
activation and suggest that  some populat ion of L-type 
Ca 2 + channels  may  be present in platelets. 
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