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Effects of sodium removal on calcium mobilization and dense 
granule secretion induced by thrombin in human platelets 
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Memm~ d exiTuedhdm" N4tum ~ c~kimn mobilizttion from intruc~tular .~tor~ induce4 by thrombin in 
l m l d r i n - - ~  Immmm plalde~ ATP luml ~ i n  ~qa~'reUon were Id, m ~ilinificently reduced. Secretion wa~ positively 

~ eMetum ~ but t~e presem~ or ~ ol ~qodium did not modify the slope of the reRre~ion 
line. F l ~ . m u i m a  u~edon ~ u  ~ wl~en IC* * * I ,  ~ tnerea~l I,~ iboul 0.1 pM, Calcium mobilizulkm induced 
by die divMemt eati4um i o a o l p ~  iomomydn wB not modified by ~odtum removM. ~ induced by' ionomyein w~q 

~ ~ ~ l l h l ~ m d d ~ ~  one for the ~yJe t ~  of ICa z÷ J,. The~ results ~'mliile~ that tl~ 
d e~temd wdtmm i~ requdred for nonmd thrombin-imJueed ~ u m  r e l e ~  from the i n ~ l u l ~  s tor~ and ~ for 
deme ~ a~s~qkm. However, .q~v~km ~mnol be only attrllmled to the ,ncrestve of cell ICa ~* l, but also to other 
pmee~e~) wldd~ ,re not nffected by externul .q~dium. 

Removal of extracellular sodium interferes with ag- 
lp'q~tion and secretion induced by several agonists in 
human platelcts Ill. Much of this effect can be attri- 
buted to actions on tke cyclooxygenas¢ pathway ll.2]. 
responsible for "secxmdary" activation. A more direct 
link has been proposed recently by postulating tha! a 
Na ' / H  * exchanBe-mediated cell alkalinization is neccs- 
~ r y  for both (i) calcium mobilization from intracellular 
stores and (it) calcium influx from the extracellular 
medium 13-~5]. The facilitating effect of cell alkaliniza- 
tion on calcium influx has been confirmed and extended 
by recent e v i d ~  [6]. wherea.~ .several papers argue 
aq, ainst an essential role of Na " / H '  exchange :n calcium 
mobilization [7- I OJ. 

In the present paper we have ~,tud~ed the effects of 
Na ~' t en ,va t  on cal~um mobilization from the in- 
tracellular stores and secretion from den~ granules 
(ATP and ser~tot~_in) induced by thrombin in human 
platelets. Experiments wetre performed in aspirin-treated 
cells in order to eliminate the cyclooxygena~ pathway. 
Calcium and pH measurements were performed using 
the fluoccscent dyes fura-2 [I!]  and 2',7'-bis(2- 
carboxyethyl)-5 (and -6) carboxyfluorescein (BCECF) 
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[! 21. respectively, All the experiments were performed in 
Ca 2'.free medium (containing i mM E(;TA) in order 
to evidence only ri~s of ICa ~' ], con~u t ive  to the 
release of calcium from the intracellular stores. Other 
experimental details are given with the figure legends. 

Fig. I shows the effects ,ff N a '  removal on the 
calcium mobilization induced by several concentrations 
of either thrombin (A) or the divalent cation ionophore 
ionomycin (B). As reported before [131. the increase of 
[Ca" ' ] ,  induced by Ihrombin was fast and transient, 
whereas the one induced bv ionomycin was more sus- 
tained. This suggests that the ionophore acts on ad- 
ditional calcium stores (the ,~ecretion granules), which 
relea~ their calcium content very slowly, probably be- 
cause most of the calcium in this compartment is bound 
and dissociates slowly. Neither the extent of the peak 
nor the slope of the clearance was modified by sodium 
removal in ionophore.treated cells (Figs. IB and ID), 
On the contrary, the .~hape of the [Ca~'],  transient 
induced by ihrombin was deeply modified by sodium 
removal. The maximum [Ca :~ 1, re~hed at the peak 
was decreased, the peak itself was delayed, and the 
clearance of calcium was slowed down resulting in a 
[Ca:* ], plateau lasting for 1-2 minutes after stimula- 
tion (Fiss. IA and 1C). The effects w ¢ ~  more marked 
at the smaller concentrations of thrombin. 

Siffert and Akkerman have postulated that cyto- 
plasmic alkalinization mediated by N a ' / H "  ¢xchanlp~ 
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I~18 1 liffs~t,~ of ~hdmm rcgt~val ,m chanLt¢~ or t ( a : "  J, mdu~.~d h.~ thfornbm quppe~ paneh) and t,momycm (l(:-~t panels) m human phtt¢iet~. 
Platelet.rtt'h Plasma ~tas obtained frt~rl freshly dravtqrt cittated blood and centnfulF'd for 20 mm a! 3513 × X- Iqatelets were ~,,uspended II 3-10 m 
t¢lix/m| m ntnmnally Ca" '-free medium of the f ( d k ~ n g  ct~mp(~mor. (in mMl: NaCI. 14.~2 KCI, .~. MI~[:) 4. | ;  todittm.Helx'~ 10 (pH 7.4): 
gluc,~,  t(1 (ells were loaded with htra-2 by ,ncuhatitm with the ac'etc~xynwth,,t t~ter (Mofet'ular P r ~  l-:qle~. O L  U.SAo) al 2 iaM 
con~cnlrat.m f~n 4~ nun t,l !7~C Aspmn was added dunnlt the last 10 nan of mcubauon in tx~,~r to macuvat¢ c yclooxYIeflase. The cell 
~,q~'nu, m ~a~ tht'*l diluted with lwo volurr~ of standard medium contaimnlt all..urmn (l mg/ml )  and aod.c*trate-de~tlrose ~duttt~n (2~), 
~ a m e n t e d  b~ ~rttnfullal,on and re~u~pended in ~landard medium at 5,10* ~.~ils/m[ A~ the bes~nnlng of each expt'nmen! the celts we~  diluted 
wll~ ~) ~31urne~ of ~thcr standard Na "-contamin8 medium or Na *.free medium ( ~ i m m  ~,~ub~lttuled equim~4eculariy b~ .~.mcthyll~lucanu~} in a 
flu(~c~-em.'e .~peclrophotom~er cuv¢~:~ at 3'7 ° C  under masncu¢ slimng. Aft¢,- about 1 mm F(3TA (l raM) was added, and .t0 s later the add|twins 
~d" [hr~m~bm (human, Ortho D~agnosttc Sy.~tems. Nt'~' Jer~y.  U S A . ;  final concenlratitm.s: 003.0.0~.  O]. 0 2 .0  3 and (),~ U/ni l )  cw ionom:vcm 
(Calhtochem-lkhrm& La Jo|la, CA. US.A,'. final concentfauon,t: 0.05, 02.  0.~. 1. 2 and ~ ~,M) ~¢rc rnad~ from ~-onccntrated ~hx'k~ at : - 0. 
Measurement, of spec, fic f l ~ n o f  and ~Ilbratton of the fura-2 ~.ignal wt'T¢' r~ff~wmt, d a,. , | t '~nbed heftwl* IS.l~l Panct~ cm the leer (A and ~I 
.~11o~ data fr~m !he ~.'fude reco~I~ d~ta|l~,ed at - 0[,i, 0) t3~. ().~. I. I ~. ~ ~md ~ ~ mlnute~ Pan-~l~ ,m the r111hI ( ( '  and I ) |  ~h,~v~ ph~s of the t.,t__~ium 
mobdt~lt~m (a~ ,rtc;~a~ of It 's"" I, at the peak) ve~.~u~ the t~r~-rntrat:~m*t of thrornhm , . . m o m ~ ' m  ()f~n ~vml~d~. wtlh Na ' .  ch~ed syml~s .  

~,,tth~tl Na ' 

,s required for thrombtn-induc'ed relca~ of calcium 
from intracellula~" stores [3-5]. This would explain why 
calcium mobilization is reduced by ",odium removal. 
Hov,~:ver, Fi 8. 2 shows that this could not be the ca~ 
since: (i) the calcium peak coincides in time with an 
intr:.c,,'llular acidification, and (ii) inhibition of Ha */H" 
excl'a~ger with ethylisopropylamiloride (EiPA) had lit- 
tie cf'~'ect on the lea  "~+ ], peak. The efficiency of this 
inlub,_tor was demonstrated in the same experiment by 
the blockin 8 of the mtrac~ular alkalinization which 
follows, with some delay, thrombin activation (Fig. 2). 
O~her evidence altam~ the role of Na */H" exchanBe 
on calcium mobilization from intracellolar stores has 
been publithed previously [7-10J. Thrombin has been 
reported to accelerate [Ca 2. ], clearance in cells treated 
with Ca 2. i ~  [13]. The fact thst the clearance 
of [Ca 2" ], is also slowed down by Na * removal could 

suggc~.~t that a more general step of thrombin.platelet 
interaction is affected by external .~xlium In any ca~ 
we must conclude that the interference of Na'  renewal 
with thrombin-induced ~:alcium mobilization from in- 
traccllular stores cannot be attribulex! to inhibition of 
the Na ' / H  * exchanser. Note that t~,: experiments pre- 
sented here were not addressed t(~ evidence effects on 
calcium influx from the extracelhdar medium, which 
has also been reported to increase upon cellular al- 
kalinization ~3.6]. 

Thrombir~-induced dense granule secretion was also 
impaired by Na + removal. ATP secretion induced by 
low doses of thrombin (0.03-0.3 U/nd)  was reduced by 
an averase of 25(~. This effect was statistically silnJfi- 
cant (p  < 0.02: paired t-test: seven pain  of values). 
ATP secretion at 0.5 U/m1 thrombin was nol siE~fi- 
cantly modified. In similar experiments [*4Cjsefotoai, 
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Fqt. 2. F~ffectt M e t h y l t ~ l t n ~ k w i c k  (EIPA) on the changes of  I( 'a  ~" ], any pi t ,  induced by Ihrombin (0.2 Lf/rnl) ,n human platelet~, Plalelets 
were loaded simultalu~ottsly with [era-2 and BCECF by incubation w~th the corresr.ondtng e.~ter.~ (Molecular Prx~hcs, Eusene. ( )R U S A t at 
~ t t a t i o Q s  o[ 2 arid 0.25 FM, r~c~ 'a4~tt~'ely, for 45 nun at 3 7 ° C .  Fluorescence measurements  were performed at alternating exci~at~on~ (32 H~) 
M 3.tO, 3~0, 430, *~0 and ~ 0  nm ~ d  f~ted e r ~ su t m  at S~R} nm using a rotating filler wheel (( 'aine Research. Nev nham. Stlltngbt~arne, t l .K ) l]~e 
firm two e~t-ttatttm w a v e k ~ t h s  w e ,  used ft~r (Ta ~ * m ~ s u r e m e n l s  and the last three for pH measurements,  S~gnal,~ were cahhraled as de.~-nhed 
before  18,15,16]. EIPA (a t ene roes  ~ f t  o f  Drs, T Frtedr, ch and G I~rkhard t .  Max-P|anck-lnst t tuL l-',ankfurl~ ! R ( ; )  was adtk'd I mm bef~we 
thrombin at 5 ltM final concentratt~m in the right.hand .side experiment~ "lhl~ concentral ton prtMu~x:d more than ~tYi; (If ittittlma] IllhtblltOn O[ the 

pH,  c h a n g e ,  t ) lher  delal|,, a~ tn } lg  | 

secretion was decrea~d by 10~ by ~Mium removal 
(p  < 0.01 ; paired t-test: seven pairs of values). The 
impairment of secretion could be explained directly by 
the decrease of calcium mobilization. Fig. 3 shows a 
plot of ~ t i o n  (ATP or serotonin) versus calcium 
mobilization in cells treated with several concentrations 
of either thrombin or ionomycin in Nat-containing and 
Na +-free medium. There was a positive correlation be- 
tween secretion and calcium mebilization, but the ,,lopes 
of the r ~ i o n  lines obtained in Na*-containing and 
Na*-free media were not significantly different. These 
results suggest that the secretion process itself is not 
impaired by sodium removal. 

Fig.  3 also shows that secretion induced by both 
thrombin and ionomycin is related to the increase of 
[Ca2+],. However, the Ca 2+ sensitivity is very different 
in both cases. While thrombin-induced ~crction is 
half-maximal when [Ca 2* ], increases by about 0.1 pM. 
an increase of [Ca:*], of 0.7 tim induced by ionomycin 
produc~ less than 30~ secretion, Th¢s¢ results are 
consistent with previous observations in permeabilized 
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FLg 3. l)~l~wmden~ of the .,~:reuon of ATP (circl~) and ~roto~.ia 
( tnangles)  ¢m calcium mobilization. Data obtained with th rombm 
(O0.~-O.5 U / m l )  and  with loncnnycin (0.05-5 p M )  in either Na * - o ~ -  
tmmng (filled._ symbols) or Na+-fr~ (op~ symbols) medium 
shown. Secretion of ATP [17] ot ~ r m o m n  [18] ~ rnca~ t ed  2 mitt 
after  the addition of  the asonist, S¢~mtitm is ¢ ~  a t  ix~cenl~le 
of  the va!tte obta ined with the hi_4lhett thrombtn conoent ta tma in 

Na*-contatninj tnedmm. Other de tmh  a t  in F~. 1. 
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plateleis {141 and suppor! the idea that th rombin  in- 
c r e a ~ s  the se~,sitivit', + to C ; ~ :  + of the secretory' mc¢+b;'+- 
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