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The membrane potential of platelets suspended in physiological medium and membrane potential changes 
induced by high potassium ¢oncenlrations, onaba[v, and cooling have been measured using a eyanlne 
fluorescent dye (3,3'-dipropylthiediearboeyanide). The membrane potential of platelets suspended in physio- 
logical medium was -63.8 mV. High potassium concentrations, ouabain and cooling induced depolarization 
of platdet membrane. Depolarization using the above procedures enhanced platelet aggregation induced by 
ADP~ adrenalL~e and collagen. These results suggest that the membrane potential could moduhle lflatelet 
activity. 

lnlToduction 

Membrane potential (Vm) changes arc involved 
in some cellular mechanisms, such as coupling of 
contractile activity [1] or secretory activity [2,3] to 
stimulus. Calcium influx, which induces aclomyo- 
sin activation is related to membrane depolariza- 
tion in muscle c.ells [1]. In some secretory ceils, 
~ucl~ as adrea~al and ~a]iv~-y" o ~ $ ,  i'd~mbra_q¢. 
depolarization has been proposed as a second 
messenger in the sense that it could act as a 
transduction mechanism. The action of secreta- 
Rogues on these cell~ induce chvalgcs in V m [2,3]. 
Human ptatdets are activated by several agents 
including ADP, adrenaline and collagen, which 
induce ~ contractile and/or secretory activity [4l. 

Abbreviations: diS-C3(S ), 3,3'-dipropylthiodicarbocyanide; 
K+ h.  extracellnlar notassium concentration; [K + h, imracell- 

ular potassium concentration. 
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The information available on the possible effect of 
the Vn~ changes on plalelet activity is controversial. 
Some authors have shown that depolarization 
sensitizes human platelets to aggregating agents 
[5], whereas others deny such as effect [6]. 

The participation of Vn~ on platelet activity 
elicited by ADP, adrenaline and collagen is studied 
in the present work. To study the influences of Vm 
~n t,,e mechanism of pl.tclet aggregation, we have 
selected several procedures that change the action 
of V m through different mechanisms, such as: (i) 
high e×tracelhflar [K +] oad (ii) Na+/K%ATPase 
blockade by ouabain or by cooling. 

Materials aRd Methods 

PreFaration of platelets. Blood was obtazned 
from healthy voiunteers cf br, th sexes, ranging in 
age from 19 to 38 years. They had not taken 
antiplatelet drugs for at least 2 weeks. Blood was 
added it 3.g~ ~dium citrate in a ~,ohtm¢ ratio of 
9:1. and centrifuged for 10 rain at 700 × g at 
room temperature. Platelet-rich plasma was col- 
lected in plastic tubes and incubated for 30 rain at 
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room temperature. Any tube containing red cells 
was discarded. Platelet-rich plasma was centri- 
fuged for 15 win at 2000 × g, platdet-poor plasma 
was discarded and the ptatelet pellet as suspended 
in a standard medium containing (in raM): NaCI 
(137), KCI (5.4), NaHCO 3, (12), NaH2PO4H20 
(0.42), MgCI2 (1), CaCI2 (2.t)), dextrose (5), and 
bovine albumin (CMbi~hem) 0.35%, 0.15 O/ml  
of apyrase (Sigma, St. Louis, MO, ILS.A.) and 50 
U/ml  of sodium heparin (Sigma) were also added 
to the buffer zolution. The pH value was adjusted 
to 7.4 and the osmolality to 290 mosmol/kg H20; 
the platelets were washed in this medium twice 
and rio.ally suspended in the same medium without 
heparin and without apyrase. 

Platdet suspensions were used in: (i) K~--in - 
duced depolarization experiments, replacing KCI 
for NaCI at the desired concentrations (5.4, 20, 40 
and 80 raM); (i) ouabain-induced depolarization 
experiments, incubating the platelet suspension in 
sta~,dard medium ~-ith three oa~ba/n (Sigma) do- 
ses (10 -6, 10 -5 and 10 -4 M) for 1 h at room 
temperature; and (iii) cooling-induced depolariza- 
tion experiments, incubating samples at 0 o C for 1 
h. All other reagents of analytical grade were 
purchased from Merck Darmstadt, F.R.G. 

Measurement of membrane potential. Membrane 
potential was determined by the fluorescent 
potentiometrie probe 3,3'-dipropylthiodicarbo- 
cyanine (diS-Ca(5)), Nippon Kankoh-Shikiso 
Kenkuysho, Japan). Fluorescence measurements  
were made on a Kontron SFM-25 spectrofluori- 
meter equipped with a tnermostated ceii holder 
and a stirring device. The samples were excited at 
622 nm and the emission was monitored at 670 
rim. The signal was first measured in the absence 
of the probe and after its addition at 2- 10-6 M 
final concentration in ethanol (10 fd in 1 ml of the 
sa~,ple). The fluorescence emission rnnnitored at 
this moment was taken at initial fluorescence (F0) 
and used as the reference value in each experimen- 
tal design. The fluorescence was also monitored 
after each experimental maneuver until it reached 
a plateau. The value read at this moment was 
taken as final fluorescence (F).  The results were 
reported as a ratio, Fo/F. 

Fluorescence ehanges were studied under the 
following conditions: (i) platelet suspensions with 
5.4, 20, 40 and 80 mM [K +] in the presence of 

valinomycin (Sigma) 2- 10 -~ M; (it) platelet sam- 
ples with 5.4 mM [K+], immediately after 1 h 
incubation at 0°C,  in the presence of aspirin 
(Bayer) to avoid the interference of cold-induced 
reversible plate!et aggregation with the fluores- 
cence signal, and after rewarming at 370C for 10, 
20 and 30 min after initial cooling; and (iii) plate- 
let samples with 5.4 mM [K+], incubated with 
ouabain at 10 -6, 10 -~ and 10 -4 M concentra- 
tions. In all cases the final platelet count was 
adjusted to 6,107/ml.  

To establish the relationship between fluores- 
cence and V m we plotted the fluorescence change 
in presence of valinomycin against [K+]0/[K÷I, 
ratio (semilog plot). Extracellular [K +] was de- 
termined with an Instrumentation Laboratory 143 
Flame Photometer IL-143. To determine [K+]0, 
platelet supernatant was diluted 50 times with 15 
mequiv./l LiCI. To determine [K~lt, platelet pel- 
let was lysed with distilled water, sonicated and 
finally resuspended with 15 mequiv./1 LiCI by 
stirring. From these data we determined the V m, in 
each case, according to the method of Friedhoff 
and Sonnenberg 171. 

Aggregation experiments. For aggry~ation ex- 
periments, platdets were obtained as above and 
incubated for 30 rain at room temperature. Aggre- 
gation was assessed under the same experimental 
conditions as those described above. In the experi- 
ments with cold-depolarized platelets, aggregation 
was assessed in platelets rewarmed 10, 20 and 30 
min at 37"C after cooling, and in ~ e  absence of 
aspirin. Platelets incubated with 5.4 mmol KCI/I 
without ouabaln at 37 °C were considered as con- 
trois. The platelet count was adjusted to 2.5- 
108/ml. 

P10.telet suspension aliquots, (600 /~1) were 
placed in silicon~zed glass euvettes (0.g era) for use 
in a l',~ston Aod, regometer equipped wi!b an 
Omnisetibe Tm Re,.order. Aggregation experi- 
ments pe,fformed according to Born [8], were car- 
tied out at 37°C with platelets being constantly 
stirred at i100 rpm with a stining bar (0.5 cm 
long). In at! cases 5 mg/nd fibrinogen (Kabi, 
Sweden) were added. In each determination, the 
amount of ligl:t transmission was standardized so 
~.hat buffer blank: would indicate 100~ light trans- 
mission and platelet samples 0% light transrais. 
sion. Aggregation inducers, 5 ~mcl/ l  ADP and 



adrenaline, and collagen, 10 p,g/i final concentra- 
tion (Diagnostiea Stage, Asni&e~, France), were 
added in each case in saline isotonic solution to a 
volume of 100 IH. Platdet aggregation was 
evaluated by measuring the maximal deflection 
obtained in each case after 5 rain of curve registra. 
tion computed as a peree.,?.age of maximal aggre- 
gation. Statistic',d an',dysis wa~ performed using 
the Student's t-test for paired for grouped com- 
parison as appropriate. 

Results and Discussion 

The fluorescence change induced in platelet 
suspensions by addition of 2 ~M valinomycin was 
dependent on the [K+]o/[K+]i ratio (logarithmic 
scale), considering [K+]i, (132 raM) as a constant. 
This relationship was adjusted using titular regres- 
sion analysis to a straight line F - 2 1  
loglK+]0/132 + B(1) where F is the percent flu- 
orescence change and / / a  constant (r -- 098, P < 
0.001). By combining this equation with the the 
Nernst equation, we calculated that a change of 
I% in fluorescence was equivalent to a change of 
2.92 mV in the membrane potential. According to 
this, the membrane potential of human platelets in 
physiological medium (5.4 mM [K+]) wa~ esti- 
mated at -63.8 + 5.6 mV and the changes cf  V~ 
induced by high K +, ouabain and cooling were 
determined. 

Table I shows the effects of extraeellulax IK ÷ 1, 
ouabain and cooling on the V m value of platdets. 
Platelets incubated with four different extracella- 
lar [K ÷1 showed a decrease in V m value, from 
-63.8 mV in physiological medium to - 16.7 + 3.6 
mV in 80 mM extracellulat [K+]. Incubation with 
ouabain also provoked a gradual decrease in Vm, 
reael~ng mardmum depolarization at 10 -4 M. Im- 
mediately after 60 rain cooling at 0*C in the 
presence of aspirin. V m decreased to - 3 5  + 6.2 
inV. V m measured in platelets rewarmed at 37 *C 
for 10, 20 and 30 rain after cooling were increas- 
ingly higher according to the length of the heating 
period, as showed in Table I. Longer periods of 
heating, 3 h, did not alter the value estimated after 
30 ra in .  

Since it has b~,~c, ' . . . .  :~" " [~1 "l'a" 
produces changes in platdet shape, it is possible 
that part of the change in fluorescence observed 
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TAB LE I 

EFFECTS OF EXTIL~CELLIlLAR [K + ], COOLING AND 
OUABAIN ON PLATELET MEMBKANE POTENTIAL 

Vm was calculated by the method of Friedhoff and Sonnen- 
berg [7] and is expressed as mean± S.D.; n =I0  in all eases. 

Depolarizing agems V m (mY) 

K + [5.4 retool/l) - 63.8 + 5.6 
K + (20 retool/I) - 50.2+ s.8 
K + (40 retool / I )  -40.6-+-4.6 
K + (SO retool/I), - 16,'7+3.6 

0°C,  ~0 min - 35.0+fi.2 
0°C,  60 rain; 37°C, I0 mln - 64.0± 4,6 
0°C,  60 mln; 37°C, 20 rain - 57.0±4A 
0°C ,  60 rain: 37°C, 30 rain - 6 2 3 ± 5 . 3  

Ouabain O0 -~ reel/I) -50.6±6.2 
Ouabain (10 -~ tool/i) -40.7:1:4,2 
Ouahain (10 -4 reel/l) - 35.2 +4,8 

after ouabain exposure is, in fact, artifactual and 
produced by chauges iJi light scattering associated 
with the shape change. In order to quantil'y the 
genuine change in V m accurately it is necessary to 
correct for that potential source of error. Subse- 
quently, in parallel control and ouabaio-treated 
platelet suspensions, the difference i:t fluorescence 
signal was measured after equilibrium of the dye 
was reached (Fig. IA). Immediately following this, 
platelets were centrifuged in complete darkness 
and the fluorescence in the st,~ension media was 
measured again. Fig. 1B shows the difference in 
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H~. 1. Huore.~ccnce -~ignal in arbitrary, units of (A) Control 
and cuabain-treated platetet suspensi,ms (arrows indicated 
digC3(5) additkm) and (B) supematant (platelebfree medium) 

obtained by centrifugation of samples from A, 
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"FABLE II 

EFFECTS ON PLATELET AGGREGATION OF CHANGES 
OF THE PLATELET MEMBRANE POTENTIAL IN- 
DUCED BY K +, OUABAIN AND COOLING 

Aggregation resu!ts are e~tpressed as a percentage of mean 
platdet aggregation 5: S.D.; V m has calculated by the method 
of Friedhoff and Sormenherg [7] and is expressed as mean 5: 
S.D, (mV) and its valu,'s under each eondiliort are shown in 
brackets, n =10 in all cases, The K* .'oncenlranon u,.-.!; 5A 
rnmol/I and the temperature was 37°C where not indicated. 

Conditions Aggregation inducers 

ADP adrenaline collagen 
(5/~1/1) (5 i~mol/l) (10 ttg/r~l) 

K "~ {5.4 mmol/ l ,  37 ° C) 
(-63+8 5._ 5.6 mV) 

K ÷ {20 mmul/ t )  
(-50.2+5.8 mV) 

K + (40 retool/I) 
( -  40,6.5:4.6 mV~ 

K + (80 mmal/[) 
(--16.74-3.6 mV) 

Ouabain (10 -6 tool/I} 
( - 50.6 .-'c 6.2 mV'l 

Ouabain (10 ~ r, tool/I) 
( - 40,7 + 4.2 mV) 

Ouabaia (10 4 tool/I) 
( -  35.2 4-4.8 mY) 

0 ° C  ] h; 37°~ ,  10 ~fiu 

21.3 ± 4.2 19.fl-4- 3.1 48.2 + 3.0 

25.6:t:3.0 26.4"1:4.0 51.24-3,2 

38.2:1:4,~ + 34.2+5.1 * 84.0+5,2 * 

40.24-3.3 * 38.2+3.2 * 85.24-3.4 * 

22,25-3.1 21.24-4.6 50.2+3.0 

38.1+2.0 * 32.24-3.1 * 82.2+4.3 * 

45,2+2.1 * 47,,t+4.2 * 82,4+3.5 * 

( - 44 ,0±4 ,6  mV) 4 1 2 ± 6 , 2 "  35A±4,1 * 96,1+6,0 * 
O ° C , I  h; 37° C, 20 rain 

( -5705 :4 .1  mV) :~7.24-3.1 24.2+43 76.04-6.1 * 
0*C,  1 h; 37 oC, 30 rain 

(-62,7::1:5.3 mV) 22.4+2.3 20.2+4,0 51.2:[:3.1 

" P < 0 . ~ l  vs. cea~r,31. 

fluorescence signal in the platelet-free media which 
is identical to that observed with the platelets in 
suspension, indicating first a re~ difference in the 
disafibuiioa of the dye between control and 
ouabain-Ireated platelets and then a gemfine dif- 
ference ha membrane potential. 

Table II shows the effects of changes of [K+]o, 
ouabain and cooling with rewarming on platelet 
aggt~:gation induced by ADP, adrenaline and col- 
lagen; the membrane potential vak~es in each con- 
dition are also shown. In K+-depolarized ptatelets, 
aggregation induced by ADP, adrenaline and col- 
lagen is significantly enhanced (P < 0,001). Plate- 
lets depolarized by 10 -~ M ouabain, (Fro-- -40.7 

mV), also show a significant aggregation increase 
(P  < 0.001). Platelets incubated for 60 min at 0 °C 
showed a spontaneous, reversible aggregation, but 
these platetets rewarmed for 10, 20 and 30 min at 
37 o C after cooling disaggregates spontaneously. 
The sensitivity of platelets, warmed for 10 rain 
after cooling, to ADP, adrenaline and collagen is 
significantly higher (P  < 0.001) when compared to 
the control. After 20 rain warming, the extent of 
platelet aggregation is not signific~tly different 
from that of the control. 

Our estimation of -63.8 mV resting V m for 
platelets does not differ from previously reported 
values obtained with potenfiometric probes [7,10]. 
Horae et al. [11] have demonstrated that resting 
the V m measured by fluorescent dyes correbtes 
with the transmembrane K ~ redistribution follow- 
ing ~:ddhion of valinomyein. Like these authors, 
we have observed that platelet membrane de- 
polarization is proportional to extraceUular [K+]. 
The activity of plasma membrane N a " / K  ÷- 
ATPase plays a major role in the maintenance of 
cell resting potential and, as in other cells, the 
plateht No ÷/K+-ATPase is inhibited by the pres- 
ence of ouabain. Our results agree with those of 
Wencel-Drake and Feinberg [10], who have mea- 
sured the membra=;e petential changes by ~*,udy- 
ing the distribution of a radiolabeled permeant 
ion, [~+C]thioeyanate and have shown that ouabain 
1O -~ M is able to induce platelet depolarization. 
The depolarization level observed by these authors 
is similar to our results obtained using diS-C3(5). 
To e~',--e that the e,+ab~i.,-., e.Cfec~s on p!atele! 
membrane are not due to a toxic effect on the 
platelets, we induced a Na +/K ÷-ATPase blockade 
by cooling [12-15], which induces a similar level 
of platelet depolarization. 

The mechanism of the large potential-depen- 
dent fluorescence changes ex~hibitcd by cyamae 
dyes, such as diS-C~(5), in cell suspensions was 
shown [16] to result from potential-dependent par- 
tit[on of dye molecules between the celt and the 
extracellular medium. Cell hyperpolarization re- 
suits in uptake of the dye molecules by the cells, 
while depolarization results in release of the dye 
and in a fluorescence increase. In accordance with 
this, we measured the fluorescence signal in the 
presence of platelets and in platelet-free media 
after incubation with ouabain to ensure that the 
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fluorescence change corresponds with a genuine 
membrane-potential change. Our results indicate 
that the changes in fluorescence after ouabain 
exposure are due to a genuine membrane-potential 
change and not to a light-scattering changes. 

Depol.arized platelets with different [K+]0 ex- 
hibit an increase of aggregation in the presence of 
ADP, adrenaline and collagen. These observations 
agree, in part, with the results obtained by Fried- 
heft and Sonnenberg [7]. Platelets incubated with 
c,mbain, a Na*/K÷-ATPase blocker, show a sig- 
nificant increase in their aggregation. It is well 

] tt known that p,a,eLt cooling induces spontaneous 
and reversible platelet aggregation [17]. This effect 
disappears after platelet warming for 10 rain at 
37 * C, but platelets are still depolarized. This find- 
ing suggests that after this time platelets recover 
their stability, which enabled us to induce experi- 
mental aggregation in platelets already de- 
polarized by cooling. Piatele~s warmed ~or 10 and 
20 min at 37°C after cooling exl'fibit a signifi- 
cantly enhanced response to some e.dregation in- 
ducers. This response is in accordance with the 
depolarization level of the platelets. When the 
platdet Vm reaches the resting potential after 
warming for 30 rain, platelet aggregation is not 
significantly different from that of the control, 

In normal platelets, ADP, adrenaline and col- 
lagen induce aggregation through Ca 2+ mobiliza- 
tion [18-201. It is likely that the observed sensitiz- 
ing effect of depolarization could be explained by 
an increase in intracellular frec Ca: ' .  Further 
investigation is needed to ascertain whether Ca z* 
conductances are modulated by a V m ~ction on 
Ca 2+ inflow or on intracellular Ca 2+ redistribu- 
tion. In this context we should mentioL~ that pre- 
liminary results suggest that the high K + effect is 
independent of intracdiuiar Ca ~ ' levels ishikawa 
and Sasakawa [21] have recently made the same 
observation on stored platelets. On the contrary, 
the effects of cooling and ouabain on a?grcgation 
are accompanied by an increase of [c~,Z+]i, sug- 
gesting a possible effect of increased Ca 2+ on the 
response. 
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