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Human platelets were isolated and fluorescence-labelled by 1,6-diphenylhexatriene. Diphenylhexatriene was 
essentially localized in the plasma membrane, as indicated by trinitrobenzenesulfonate-quenching experi- 
ments. A decrease of the fluorescence polarization of diphenylhexatriene was observed upon ionophore 
A23187 addition in the absence of aggregation. 0.3 pM ionophore allowed to reach the maximum rate of the 
decrease of fluorescence polarization; it also maximally stimulated the light transmission change, the 
serotonin release and the thromboxane !~ synthesis. The amplitude of the fluorescence polarization decrease 
was maximum at platelet concentrations between 4 - 107 and 7 • 107//ml. The presence of Ca 2+ in the medium 
increased the rate constant of the polarization change. Chlorpromazine (60 pM) completely inhibited this 
transition, but at 30 pM its inhibitory effect was reversed by Ca 2+. The membrane events implied in platelet 
activation very likely lead to fluidization of the plasma membrane, perhaps by its fusion with the membranes 
of internal granules which are relatively depleted of cholesterol. Ca 2+ plays a central role in the triggering of 
the observed effects at the membrane level. 

Introduction 

In the absence of external Ca 2+, ionophore 
A23187 can penetrate internal membranes and 
mobilize Ca 2+ stores in organelles [1]. 

In 1982, we have suggested that platelet activa- 
tion was triggered by internal Ca 2+ fluxes: this was 
corroborated by the use of some phenothiazine 
derivatives like chlorpromazine. Further, the 
observed inhibition of the ionophore-induced 
activation was partially reversed by the addition of 
external Ca 2 +, again suggesting that these changes 
are calcium-dependent [2]. Nathan et al. [3-4] 
have reported that membrane microenvironmental 
changes during thrombin-induced platelet activa- 
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tion can be probed by measuring 1,6-diphenyl- 
hexatriene fluorescence polarization. We have used 
the same technique to investigate membrane 
changes in the case of ionophore-induced platelet 
activation in the absence of aggregation. This is a 
more favourable experimental condition for meas- 
uring fluorescence polarization as the platelet sus- 
pension does not undergo major changes of light 
diffusion due to aggregation. Aggregation per se 
could introduce interactions between the aggre- 
gated membranes which could conceal membrane 
events occurring in isolated platelets. Moreover, 
we found that about 95% of the diphenyl- 
hexatriene was localized within the plasma mem- 
brane of platelets. 

In this case, ionophore stimulation induces 
modifications in the diphenylhexatriene fluores- 
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cence polarization which are closely related with 
morphological and biochemical changes previously 
observed [2]. Ca 2÷ enhanced the rate of all these 
phenomena, whereas chorpromazine inhibited 
them, thus emphasizing the close relationship be- 
tween the membrane dynamics and platelet activa- 
tion. 

Materials and Methods 

1,6-Diphenylhexatriene was purchased from 
Sigma. It was dissolved in dimethylformamide at a 
concentration of 2 mM and stored at 4°C. It was 
diluted to 2 /~M in the buffer prior to use. 
Metrizamide is a triiodinated benzamido-deriva- 
tive of glucose from Nyegaard Laboratories. Iono- 
phore A23187 was obtained from Calbiochem, 
France. It was dissolved in ethanol and used at a 
final concentration of 0.06-0.3/~M. The volume of 
ionophore which was used did not exceed 1/100 
of the platelet volume. Chlorpromazine was a gift 
of Rh6ne Poulenc, France. 2,4,6-Trinitroben- 
zenesulfonate (from Serva) was dissolved in chlo- 
roform and neutralized with an equal amount of 
sodium bicarbonate. Chloroform was evaporated 
under dry nitrogen and the remaining powder 
dissolved in the buffer (final concentration 1 • 10-2 
M). 

Preparation of washed platelet suspensions using 
metrizamide gradients. Nine parts of blood were 
anticoagulated with one part of 0.077 M EDTA in 
saline and centrifuged for 15 min at 120 × g and 
at room temperature to obtain platelet-rich plasma. 
The metrizamide gradient platelet were prepared 
according to the method described by L6vy- 
Tol6clano et al. [5]. 5 ml platelet-rich plasma were 
layered onto a gradient composed of 1 ml 25% and 
1 ml 10% metrizamide and centrifuged for 15 min 
at 1000 x g and at 18°C. The platelet layer was 
resuspended in 4 or 5 ml calcium-free buffer (pH 
6) (140 mM NaC1, 1.45 mM NaH2PO4, 2H20, 
6.85 mM Na2HPO4, 11 mM glucose in twice-dis- 
tilled water) and deposited on a new metrizamide 
gradient at the same concentrations. After centri- 
fugation, the platelet layer was resuspended in the 
same calcium-free buffer before further use. 

Labelling of platelets by diphenylhexatriene. 1 
vol. platelet suspension (3. 108/ml) was added to 
1 vol. 2 /~M diphenylhexatriene solution. The 

incubation was carried out for I h at room temper- 
ature and in the dark. Platelets were then diluted 
three times with the same buffer before centrifuga- 
tion for 15 rain at 1000 × g at room temperature. 
After one more washing, they were finally resus- 
pended in the same buffer at pH 7.4. Platelet 
concentrations were adjusted as indicated in Re- 
suits. 

Fluorescence measurements - quenching by tri- 
nitrobenzenesulfonate. These measurements were 
made in a Jobin-Yvon JY3C spectrofluorometer 
equipped with excitation (360 nm) and emission 
(430 nm) polarizers in a quartz cell (1 × 1 cm) in a 
thermostated holder. The emission intensities ( I )  
were recorded in the vertical (v) and horizontal (h) 
positions of the emission polarizer. Polarization 
( P )  of the fluorescence light was calculated as 
P = ( I  v - I h ) / ( I  v + lh) without correction of the 
apparatus-induced polarization shift [6]. 

Kinetics of platelet activation were recorded in 
the following way: 10 ~1 of the effector solution 
(usually ionophore A23187) were added at time 
zero after temperature equilibration at 37°C and 
under stirring at 1100 rpm with a magnetic bar in 
the cell. Vertical and horizontal intensities were 
recorded by rotating the emission polarizer of 90 ° 
every 6-10 s for 3 min and polarization was 
calculated from these records. Apparent  first-order 
rate constants of polarization changes were de- 
termined by semilogarithmic plotting of the ex- 
perimental values. 

Quenching experiments were performed as de- 
scribed by Grunberger et al. [7] .  Diphenyl- 
hexatriene-labelled platelets were kept for various 
times at room temperature and then incubated at 
4°C with 2,4,6-trinitrobenzenesulfonate at the de- 
sired final concentration for 1 h. Fluorescence 
intensities were measured and reported for control 
cells incubated in the same conditions without 
trinitrobenzenesulfonate. 

Change in light transmission, serotonin release 
and thromboxane synthesis. The change in light 
transmission was measured in a Payton aggregom- 
eter at 37°C according to the method of Born and 
Cross [8]. To 0.5 ml platelet suspension was added 
ionophore A23187 at different concentrations. The 
results are given in terms of the change in light 
transmission 3 min after the addition of the iono- 
phore and are expressed as a percentage of the 



difference in light transmission between washed 
platelets and suspending buffer. 

Platelet count were performed on washed 
platelets by phase-contrast microscopy. The non- 
aggregated platelets were counted in the super- 
natant after addition of the ionophore. Results 
were refered to the initial number of platelets in 
the assay tube, which was considered as 100%. 
Serotonin release and thromboxane synthesis were 
measured in the same samples as the light trans- 
mission change 3 min after the addition of iono- 
phore [2]. After prelabelling the EDTA-platelet- 
rich plasma with 0.5 #M [14C]serotonin (48 
mCi /mmol)  (from CEA, Saclay, France), the ex- 
periment was carried out as described previously 
[2]. The results were expressed as percent release 
of total [14C]serotonin in the platelets. 

Thromboxane B 2 was measured by radioimmu- 
noassay according to the procedure of Granstrom 
et al. [9] using an iodinated tracer of thromboxane 

B 2 • 

Results 

Localization of diphenylhexatriene in the plasma 
membrane 

2,4,6-Trinitrobenzenesulfonate is a nonper- 
meant anions which can only bind to the outer-half 
layer of plasma membrane of intact cells and 
which can quench diphenylhexatriene fluorescence 
if the two molecules are close enough together 
within the same membrane medium [7]. As it can 
be seen in Table I, the intensity of diphenylhex- 
atriene emission at 430 nm is decreased down to 7 
and 5% by trinitrobenzenesulfonate incubation at 
1 -10  -2 M, indicating that very likely about 
93-95% of diphenylhexatriene is localized within 
the plasma membrane of platelets. 

Effect of increasing concentrations of ionophore on 
platelet actioation and on the rate constant of fluo- 
rescence polarization change 

Ionophore activated platelets in the absence of 
aggregation. Table II shows that the change in 
light transmission, the release of [14C]serotonin as 
well as the thromboxane B 2 synthesis were 
increased with increasing concentrations of iono- 
phore from 0.06 to 0.3 #M. The increase in light 
transmission occurred in the absence of platelet 
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TABLE I 

Q U E N C H I N G  OF DIPHENYLHEXATRIENE-LABELLED 
PLATELETS BY INCREASING CONCENTRATIONS OF 
2,4 ,6-TRINITROBENZENE S U L F O N A T E  (TNBS) 

Platelets were labelled at time 0 with diphenylhexatriene (DPH) 
and incubated at time 0, 1 and 2 h with TNBS at 4°C for 1 h 
before measurements of diphenylhexatriene fluorescence inten- 
sities. Values are relative to those obtained with control cells 
incubated without TNBS. 

TNBS 
(mM) 

Fluorescence intensity at 
time after DPH labelling (h) 

0 1 2 

0 1 1 1 
1.2 0.43 0.41 0.39 
2.5 0.24 0.25 0.24 
5 0.13 0.14 0.10 

10 0.07 0.07 0.05 
20 0.06 0.07 0.05 

aggregation, as estimated by the platelet count in 
the supernatant which remained the same as in the 
absence of ionophore (Table II). The labelling of 
platelets by diphenylhexatriene cause no measura- 
ble damage to the platelets, as evaluated by the 
same criteria of functions as well as leakage of 
insignificant amounts of lactate dehydrogenase, 
the cytoplasmic marker. 

The ionophore-induced platelet activation was 
accompanied by a decrease of fluorescence polari- 
zation of diphenylhexatriene-labelled platelets. By 
raising the ionophore concentration from 0.06 to 
0.3 /~M, we observed an increase in the rate con- 
stant of polarization change (Fig. 1). Metrizamide 
did not intefere with the probe as platelets washed 

TABLE II 

EFFECT OF INCREASING C O N C E N T R A T I O N S  OF 
IONOPHORE ON PLATELET ACTIVATION 

LT, light transmission; 5HT, serotonin; TXB/,  thromboxan~ 

B 2 . 

Ionophore (/L M) 

0.06 0.15 0.30 

LT change (%) 18-t- 4 47_+ 5 55___ 10 
[14C]5HT release (%) 32+ 10 75+  5 70+ 12 
TXB2 synthesis (ng /ml )  25+ 8 400+220  600+180 
Platelet count in the 

supernatant  (%) 95 98 100 
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Fig. 1. Effect of different concentrations of ionophore on the 
rate constant of the decrease in fluorescence polarization of 
diphenylhexatriene-labelled platelets (platelet concentration 50 
• 1 0 6 / m l ) .  

by a different procedure which avoids the gradient 
gave the same decrease of fluorescence polariza- 
tion in the presence of ionophore. As for the other 
activation parameters, a plateau level was reached 
beyond 0.3/xM. The same values of the rate con- 
stants were found for fluorescence intensity 
changes (results not shown). Ionophore stimula- 
tion induced a decay of fluorescence intensity. 

Effect of the platelet concentration on the fluores- 
cence polarization change 

The fluorescence polarization change induced 
by 0.3/~M ionophore was investigated in the pres- 
ence of different platelet concentration. It can be 
seen in Fig. 2 that the maximum was observed 
when platelet dilution approximated 45.106 to 
70.106 platelets/ml.  

At higher concentration (up to 150-106/ml) ,  
the observed decrease of amplitude might be at- 
tributed to artefactual reasons, as it is known that 
light diffusion at high particle concentrations 
depolarizes the emitted fluorescent beam [10]. At 
lower platelet concentration (from 45 • 106 to 16- 
106/ml), the diminution of the amplitude cannot 
be attributed to the previously cited reasons but 
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Fig. 2. Effect of the platelet concentration on the fluorescence 
polarization change in the absence (x ×) or in the 
presence (e-- -- e) of 1 mM CaC12. 

rather to the decreased interaction between plate- 
lets at this low cell concentration. In the presence 
of 1 mM Ca 2+, the maximum amplitude is not 
modified at optimal platelet concentration (45 - 106 
to 70. 106/ml). However, out of this concentra- 
tion range, the presence of Ca 2+ increased the 
amplitude of the polarization change. The Ca 2 +-in- 
duced increase of the amplitude at elevated plate- 
let concentration could be attributed to the pres- 
ence of aggregates, the large size of which would 
induce less light diffusion than in the absence of 
CaCI 2 where no aggregates were observed. 

Taking this result into account, we have chosen 
the platelet concentration of 50 -106 /ml  for fur- 
ther experiments. 

Effect of Ca e + concentration on polarization changes 
induced by ionophore 

The stimulating role of CaCI 2 observed in Fig. 
2 led us to investigate the effect of increasing 
concentrations of CaCI 2 on polarization changes 
at a constant concentration of ionophore. Fig. 3 
indicates that CaC1 z from 50 to 1000 #M increased 
the rate of the polarization changes in the presence 
of 0.3 ~M ionophore when compared with the 
curve in the absence of CaC1 z (inset), without 
changing the total amplitude. 

Effect of chlorpromazine on ionophore-induced 
polarization change: competition with Ca" + 

Chlorpromazine from 30 to 90/~M inhibits the 
polarization changes induced by 0.15 /xM iono- 
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Fig. 3. Effect of Ca 2+ concentrations: × - - -  X, 50 /tM; 
a a, 100 /xM; D - - - - - - r a ,  500 /,M; O . . . . .  O, 1000 
/L M, on the rate of diphenylhexatriene polarization decrease in 
the presence of 0.3 /*M ionophore (platelet concentration 50- 
106/ml). Experimental values are given relative to the total 
amplitude change. Inset: time-course of the decrease of fluores- 
cence polarization of diphenylhexatriene-labelled platelets in- 
duced by 0.3/~M ionophore. 

phore (Fig. 4). A complete inhibition was reached 
at 60 ktM (Fig. 4A). However, when chlorproma- 
zinc was incubated with platelets in the absence of 
ionophore, an increase in the value of fluorescence 
polarization was observed mainly at 60 and 90 
/~M. This suggests that the rigidifying role of 
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Fig. 4. Effect of chlorpromazine (CPZ) and Ca 2+ on the 
amplitude of the fluorescence polarization change ( A p )  of 
diphenylhexatriene-labelled platelets induced by 0.15/,M iono- 
phore (platelet concentration 50.106/ml). (A) Inhibition by 
chlorpromazine in the presence of 100/*M Ca 2+ . (B) Reversion 
of 30 ~M chlorpromazine-induced inhibition by increasing 
Ca 2+ concentrations. 
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chlorpromazine could take part in its inhibiting 
effect on the ionophore-induced polarization de- 
crease. 

As it was found in previous results [2], CaCI 2 
antagonized the inhibitory effect of chlorproma- 
zinc on the ionophore-induced platelet activation 
(i.e., [t4C]serotonin, thromboxane). Fig. 4B shows 
that increasing concentrations of Ca 2÷ between 30 
and 500 /*M progressively reversed the inhibitory 
effect on the polarization changes induced by 30 
/~M chlorpromazine. 

Discussion 

Nathan et al. [4] have observed membrane mi- 
croenvironmental changes associated with throm- 
bin-induced platelet activation. They reported an 
increase in the values of fluorescence polarization 
in diphenylhexatriene-labelled platelets. At 300. 
10 6 platelets/ml, we have observed the same in- 
crease in polarization when platelets were activated 
in the presence of ionophore. However, it seems 
that these results might be questionned because of 
the high light diffusion induced by the high plate- 
let concentration. 

In order to avoid this pitfall, we have investi- 
gated the optimum platelet concentrations ((45- 
70). 106/ml) where the polarization change was 
maximum and paralleled the other changes in 
platelet activation ([14C]serotonin release, throm- 
boxane B 2 synthesis). In these conditions, the 
ionophore induced a decrease in polarization and 
intensity of fluorescence. Both variations suggest a 
fluidization of the plasma membrane, since 
diphenylhexatriene was found to be mainly incor- 
porated into the plasma membrane. Indeed, a de- 
crease in fluorescence intensity may be associated 
with an increase of dynamical quenching of the 
excited probe [11). 

lonophore is known to liberate Ca 2÷ from inter- 
nal or plasmatic membranes. Mobilization of Ca 2 ÷ 
previously bound to the plasma membrane would 
be one of the factors responsible for the observed 
fluidization. Indeed, the addition of external Ca 2 +, 
far from inducing an increase of rigidity, elicits an 
acceleration in the decrease of polarization. In the 
absence of external Ca 2÷, only high concentrations 
of ionophore are able to liberate enough platelet 
Ca 2 + to reach a maximum rate of the polarization. 



248 

This phenomenon  was accompan ied  by  a maxi-  
m u m  release of  [14C]serotonin and th romboxane  
B 2 synthesis.  

Ch lo rp romaz ine  was shown to inhibi t  p la te le t  
funct ions [12-14].  On the other  hand,  different  
au thors  have repor ted  that  there is a compe t i t ion  
between ch lo rpromaz ine  and Ca 2 ÷ regarding mem- 

branes  [15-17]. Our  results show that  chlor- 
p romaz ine  inhibi ts  the membrane  changes in a 
dose -dependen t  manner .  Fur the rmore ,  ca lc ium is 
able  to counterac t  this inhibi t ion  at the m e m b r a n e  
level. The inhib i t ion  induced  by  ch lo rp romaz ine  
on platelet  ac t ivat ion was also repor ted  to be 
reversed by  the add i t ion  of ca lc ium [2]. 

The  membrane  p h e n o m e n a  repor ted  here ap-  
pear  then to be t ightly cor re la ted  with p la te le t  
act ivat ion.  Several factors can mod i fy  the mem- 
brane  physical  state towards  f luidizat ion:  release 
of  Ca z+ from phospho l ip id  headgroups  [16], phos-  
phol ipase  ac t iva t ion  [18], l ibera t ion  of unsa tu ra ted  
fat ty  acids as revealed by  th romboxane  B 2 synthesis  
[19] and fusion of  the membrane  of  granule with 
the p l a sma  membrane .  This last  poss ib i l i ty  ap-  
pears  as par t icu la r ly  relevant:  indeed,  the p l a sma  
membrane  in platele ts  conta ins  more  cholesterol  
than  the granule  membranes .  The  fusion of  these 
membranes  dur ing  the ac t iva t ion  lowers the rela- 
tive cholesterol  content  of  the p l a sma  m e m b r a n e  
and is thus respons ib le  for its f luidizat ion.  

As the sequence of  events occurs very rapidly ,  it 
is diff icult  to say whether  the m e m b r a n e  changes 
precede  the whole pla te le t  ac t iva t ion  or  occur  
s imultaneously.  However ,  as well as s t imula t ion  of  
enzymes can modi fy  the m e m b r a n e  physical  state, 
this f luidizat ion in turn can modu la t e  the act ivi ty 
of  prote ins  and enzymes impl ied  in the act ivat ion 
process  as it  has been seen for o ther  enzymes such 
as adenyla te  cyclase [20-22] or  ATPase  [23-24].  
Changes  in pro te in  confo rmat ion  or  p ro te in  em- 
bedd ing  in the b i layer  [25] may  be respons ib le  for 
a l tered rates of  enzyme act ivat ion [26] or  for mod-  
ified in teract ions  between pro te ins  [27]. 

The var ia t ion  of  the m e m b r a n e  f luidi ty  can 
modula te  the pla te le t  ac t ivat ion a n d / o r  be mod-  
u la ted  by the s t imula t ion  of enzymes.  The use of  
specific inhibi tors  of different  steps of  p la te le t  
ac t ivat ion will help in del ineat ing  this mechanism.  

Acknowledgement 

We thank Dr. Jean-Jacques  Bechet (Labora to i r e  
de Biologie Physico-chimique,  Universi t6 de Paris 

Sud, Centre  d 'Orsay)  for al lowing us access to the 
Job in -Yvon  spect rof luorometer .  

References 

1 Massini, P. and Naf, U. (1980) Biochim. Biophys. Acta 595, 
575-582 

2 Lrvy-Tolrdano, S., Maclouf, J., Bryon, P., Savariau, E., 
Hardisty, R. and Caen, J. (1982) Blood 59, 1078-1985 

3 Nathan, I., Fleisher, G., Livne, A., Dvilansky, A. and 
Parola, A. (1979) J. Biol. Chem. 254, 9822-9828 

4 Nathan, I., Fleisher, G., Dvilansky, A., Livne, A. and 
Parola, A. (1980) Biochim. Biophys. Acta 598, 417-421 

5 Lrvy-Tolrdano, S., Bredoux, R., Rendu, F., Jeanneau, C., 
Savariau, E. and Dassin E. (1976) Nouv. Rev. Fr. Hematol, 
16, 367-380 

6 Pesce, A.J., Rosen, C.-G. and Pasby, T.L. (1971) Fluores- 
cence Spectroscopy, pp. 149-202, Marcel Dekker, New 
York 

7 Grunberger, D., Haimovitz, R. and Shinitzky, M. (1982) 
Biochim. Biophys. Acta 688, 764-774 

8 Born, G.V.R. and Cross, M.J. (1963) J. Physiol. 168, 178 182 
9 Granstrom, E., Kindahl, H. and Samuelsson, B. (1976) 

Anal. Lett. 9, 611-627 
10 Teale, F.W.J. (1969) Photochem. Photobiol. 10, 363-374 
11 Salesse, R., Brochon, J.C. and Gamier, J. (1981) Biochimie 

63,915-920 
12 Kindress, G., Williamson, F.B. and Long, W.F. (1980) 

Thromb. Res. 17, 549-554 
13 White, G.C. and Raynor, S.T. (1980) Thromb. Res. 18, 

279-285 
14 Walenga, R.V., Opas, E.E. and Feinstein, M.B. (1981) J. 

Biol. Chem. 256, 12523-12529 
15 Breton, J., Viret, J. and Leterrier, F. (1977) Arch. Biochem. 

Biophys. 179, 625-633 
16 Low, P.S., Lloyd, D.H., Stein, T.M. and Roger, J.A., III 

(1979) J. Biol. Chem. 254, 4119-4125 
17 Enouf, J. and Lrvy-Tolrdano, S. (1984) Br. J. Pharm. 81, 

509-518 
18 Hirata, F., Strittmatter, W.J. and Axelrod, J. (1979) Proc. 

Natl. Acad. Sci. USA 76, 368-372 
19 Overath, P., Thilo, L. and Tr~iuble, H. (1976) Trends Bio- 

chem. Sci. 1,186-189 
20 Sinensky, M., Minneman, K.P. and Molinoff, P.B. (1979) J. 

Biol. Chem. 254, 9135-9141 
21 Salesse, R., Gamier, J. and Daveloose, D. (1982) Biochem- 

istry 21, 1587-1590 
22 Houslay, M.D. and Gordon, L.M. (1983) Curr. Topics 

Membrane Trans. 18, 179-231 
23 Sinensky, M., Pinkerton, F., Sutherland, E. and Simon, F.R. 

(1979) Proc. Natl. Acad. Sci. USA 76, 4893-4897 
24 Giraud, F., Claret, M., Bruckdorfer, K.R. and Chailly, B. 

(1981) Biochim. Biophys. Acta 647, 249-258 
25 Borochov, H. and Shinitzky, M. (1976) Proc. Natl. Acad. 

Sci. USA 73, 4526-4530 
26 McMurphie, E.J. and Raison, J.K. (1979) Biochim. Biophys. 

Acta 554, 364-374 
27 Levitzky, A. and Helmreich, E.J.M. (1979) FEBS Lett. 101, 

213-219 


