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A simple, flexible and sensitive fluorescence method is described, which, from the same experiment, provides 
coupled quantitative informations on membrane fluidity changes and exocytosis, and reliable kinetic 
analyses of these effects, in intact cell suspensions. The method is based on the features peculiar to 
trimethylammonio-diphenylhexatriene (TMA-DPH), a fluorescent hydrophobic probe, which, in intact cells, 
is incorporated specifically into the plasma membranes, according to an instantaneous partition equilibrium. 
The method was tested on human platelets upon stimulation with various agents, Such as human a-thrombin, 
adenosine diphosphate (ADP), adrenalin and ionomycin, which act through different types of mechanism. 
The experimental conditions were chosen to allow platelet shape change and exocytosis, but no aggregation. 
The kinetics and the dose-dependence of the changes in TMA-DPH fluorescence intensity and anisotropy 
were compared to the simultaneous physiological responses of platelets to the same stimuli, under the same 
conditions. Quantitative correlations were established between serotonin secretion and the increase in 
fluorescence intensity, whereas fluorescence anisotropy, which monitors membrane fluidity changes was 
associated with platelet shape change. The specificity of the effects was confirmed with appropriate 
antagonistic or modulating agents. 

Introduction 

1-[4-(Trimethylammonio)phenyl]-6-phenylhexa- 
1,3,5-triene (TMA-DPH) is a fluorescent hydro- 
phobic probe, introduced by Prendergast et al. [1], 
for fundamental purposes, in membrane fluidity 
studies of phospholipidic bilayers by fluorescence 
anisotropy. Unlike its previously used parent 
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molecule, diphenylhexatriene (DPH), it was as- 
sumed to have a well defined 'wobbling in cone' 
motion, according to the theory of Kinosita et al. 
[2], presumably remaining anchored to the phos- 
pholipid polar heads by its positively charged 
group. We have demonstrated [3], that for this 
very reason, in intact living cells, TMA-DPH re- 
mains specifically in the plasma membranes after 
very rapid incorporation (1 s). Further studies in 
our laboratory [4,5] confirmed that it was a most 
suitable tool for plasma membrane fluidity studies 
in cell systems, unlike DPH and other commonly 
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used fluorophores, which label all hydrophobic 
regions of the cells uniformly and so do not pro- 
vide specific information. 

Furthermore, this TMA-DPH molecule has 
been described as a sensitive and reliable monitor 
of exocytosis processes [6], due to the remarkable 
features of its incorporation into the membranes: 
when interacted with a cell suspension, TMA-DPH 
is subject to instantaneous partition equilibrium 
between the membranes, where it is fluorescent, 
and the aqueous buffer, where it is not. So, in 
secretory cells, the fluorescence intensity of TMA- 
DPH increases upon exocytosis, due to its supple- 
mentary incorporation into granule membranes 
newly fused with the plasma membrane. The re- 
sponse is proportional to the granule surface in- 
volved. 

It seemed particularly worthwhile to use these 
properties conjointly, to investigate the membrane 
dynamics of human blood platelets, which display 
several types of response (shape change, aggrega- 
tion, secretion) to a great variety of stimuli [7,8]. 
Earlier membrane fluidity studies on platelets have 
used fluorescence anisotropy [9-11], with DPH, a 
non-specific probe or with other probes, presumed 
to be non-permeant [12], but which called for very 
high concentrations. Spin label results have been 
reported [13], but without any kinetic develop- 
ment. In addition, fluorescence methods have been 
proposed to follow platelet exocytosis on the basis 
of the reduction of fluorescence quenching of 
amine dyes such as mepacrine [14], quinacrine 
[15], and acriflavine [16]. Those methods require 
long incubation to load the cells with the marker, 
whereas the method with TMA-DPH, presented in 
this paper, can be used immediately, in purified 
cells. In addition, it provides simultaneous infor- 
mation on exocytosis and membrane fluidity from 
fluorescence intensity and anisotropy measure- 
ments, respectively. Using both results, several 
aspects of the complex behaviour of human plate- 
lets in response to a selection of stimuli can be 
revealed. 

Materials and Methods 

Chemicals 
The chemicals used in this work were all of first 

grade purity and were used without further purifi- 
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cation. All products were controlled for possible 
interference with the photophysical properties of 
the fluorescent labels. 

In cell preparation and conditioning. Anticoagu- 
lants: heparin (Roche), acid-citrate-dextrose; the 
components of Tyrode's buffer solution, among 
them 4-(2-hydroxyethyl)-l-piperazineethane- 
sulphonic acid (Hepes) (Sigma), human serum al- 
bumin (Centre Rrgional de Transfusion Sanguine, 
Strasbourg) and bovine serum albumin (Sigma); 
stabilizing agents: prostacyclin (Upjohn), in Tris 
buffer (Sigma) and potato apyrase [17] prepared 
in INSERM U 311 (one of our labs). 

In cell labelling. TMA-DPH (Molecular Probes), 
DPH (Kochlight) and dimethylformamide (Merck) 
as solvent. 

In platelet activation and physiology. Adenosine 
diphosphate (ADP) (Sigma), human a-thrombin 
(3000 U/mg),  kindly purified by Dr. J.M. Freys- 
sinet, Strasbourg and prepared according to Ref. 
18, adrenalin (Sigma), calcium ionophore 
ionomycin (Calbiochem) with dimethylsulphoxide 
(DMSO) as solvent, cytochalasin B (Aldrich), eth- 
ylene-glycol bis(fl-aminoethyl ether)-N,N'-tetra- 
acetic acid (EGTA) (Sigma), diisopropylfluoro- 
phosphate (Sigma). 

In titrating the mediators released. [ 3 H]Serotonin 
(New England Nuclear). 

Preparation of washed human blood platelets 
Human platelets were isolated from acid- 

citrate-dextrose anticoagulated blood by differen- 
tial centrifuging and washed at 37 °C according to 
the method of Cazenave et al. [17]. The platelets 
were washed twice in Tyrode's buffer (137 mM 
NaC1, 2 mM KC1, 12 mM NaHCO3, 0.3 mM 
NaH2PO 4, 1 mM MgC12, 2 mM CaC12, 5 mM 
glucose) containing 5 mM Hepes, 0.25% (w/v) 
human serum albumin, 1 /~M prostacyclin (pH 
7.3; 295 mosmol/kg). They were finally sus- 
pended at 37°C in Tyrode's buffer with 0.1% 
bovine serum albumin and apyrase, and adjusted 
to a concentration of 3 .10 s cells/ml. Bovine 
serum albumin was preferred to human serum 
albumin in the suspending buffer, because of lower 
interaction with the fluorescent probes. The plate- 
lets were counted with a Baker A 810 platelet 
impedance counter (Baker Instruments). Phase 
contrast-microscopy showed that under these con- 
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ditions they remained discoid and functional, being 
sensitive to low concentrations of aggregating 
agents for at least 8 h. 

Platelet labelling with fluorescent probes 
To a 4 ml quartz fluorescence cuvette contain- 

ing 2 ml Tyrode's buffer, without bovine serum 
albumin, at 37°C, first TMA-DPH from a 5 • 10 -4 
M stock solution in dimethylformamide, was ad- 
ded under moderate stirring, to give a final con- 
centration of 5.10 -7 M, and, after temperature 
equilibrium, an aliquot of the platelet suspension 
was added to give a final concentration of 107 
platelets/ml. The remaining bovine serum al- 
bumin concentration was 0.0033%. The sample 
was then ready for use. Turbidity was less than 0.2 
absorbance units at 350 nm, allowing satisfactory 
fluorescence measurements [4]. 

DPH, used in control experiments, took a long 
time (30 rain at 37 °C) for incorporation and so 
was added already during the platelet preparation 
process, after the first wash. The probe was taken 
from a 10 -3 M stock solution in dimethylform- 
amide, to give a final concentration of 10-6 M in 
the sample. 

Platelet activation 
Platelet activation conditions were exactly the 

same for shape change, secretion studies and fluo- 
rescence measurements. In both cases, the samples 
contained 5.10 -7 M TMA-DPH and 107 plate- 
lets/ml in Tyrode's buffer at 37°C, and were 
stirred at 200 rpm, to avoid platelet aggregation. 
The absence of aggregation was checked with 
phase-contrast microscopy and by single platelet 
counting. The platelets were activated with: hu- 
man a-thrombin (0.002 to 5 U/ml) ,  ADP (0.05 to 
50/~M), adrenaline (0.5 to 50/xM) and ionomycin 
(0.01 to 10/~M). The effectors were mixed rapidly 
in the suspension by a short increase in stirring 
speed. Care was taken to avoid any significant 
change in volume. 

Platelet shape change and secretion measurements 
Mean platelet volume, as an indicator of shape 

change, was measured with a Baker A810 platelet 
impedance counter, and serotonin release was de- 
termined in parallel on the same platelet prepara- 
tion, at various intervals after stimulation. The 

cells were preliminarily loaded with [3 H]serotonin 
(1/~Ci/ml) by 15 rain incubation at 37°C during 
the first washing step. Paraformaldehyde (0.5%) 
was added to block instantaneously (1 s) secretion 
or re-uptake of [3H]serotonin, and glutaraldehyde 
(0.5%) was used for better fixation of the cells and 
to ensure that they retained their original shape 
[16]. After rapid mixing, the suspension was trans- 
ferred to an ice bath. A 10/~1 aliquot was counted 
in a Baker A 810 platelet impedance counter. This 
enabled parallel counting and sizing of the plate- 
lets. Mean platelet volume was automatically 
calculated from the size distribution graphs and 
expressed in /~m 3. For the titration of serotonin 
released, 900 /~1 of the suspension were centri- 
fuged for 1 min at 8000 × g. 800/zl of the super- 
natant were removed and mixed with 5 ml of 
Ready Solve-EP scintillation fluid (Amersham). 
Radioactivity was measured with a Minibeta 1211 
scintillation counter (LKB). Secretion was ~x- 
pressed as a percentage of the total radioactivity 
contained in non-stimulated platelets. 

In each experiment, mean platelet volume and 
platelet aggregation were measured to check if 
there was no undesirable activation of the platelets 
and to test their functionability. For this, turbidity 
was measured on 3.108 platelets/ml samples at 
37 ° C in a dual-channel Payton aggregometer. The 
aggregation was tested in the presence of human 
fibrinogen treated with diisopropylfluorophos- 
phate. When thrombin was used as the aggregat- 
ing agent, fibrinogen was omitted. 

Fluorescence measurements 
Fluorescence intensity (I)  and anisotropy (r) 

were measured with an SLM 8000 spectro- 
polarofluorimeter. Samples were illuminated with 
linear-polarized fight (excitation wavelength, 350 
nm), at 37 o C under gentle stirring (200 rpm). The 
components of emitted light intensity (maximum 
at 435 nm), at 90 °, respectively parallel and per- 
pendicular to the excitation polarization direction 
were measured simultaneously (T configuration 
detection). The excitation polarizer was switched 
alternately from vertical (V) to horizontal (H) to 
allow the recording every 2 s of Ivv, IvH and Irtv, 
Iiart (the second index referring to the position of 
the emission polarizer) and of Ic, a control value, 
for excitation light intensity. I and r were de- 
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duced from the following expression 

I = (lw +21vH " IHv/ IHH) / Ic  

I W  / IvH -- IHV / II.IH 
r ~ 

I W / I v H  + 2 IHV/IHH 

where the factors I H V / I H H  and I c take into 
account, respectively, the asymmetry of the detec- 
tion system, and the excitation lamp fluctuations. 

Other corrections were introduced for scattered 
excitation light [4] and the fluorescence back- 
ground resulting from the interaction of TMA- 
DPH with bovine serum albumin (BSA). To that 
end, appropriate controls were measured sep- 
arately. The final values of I and r are then given 
by 

I(TMA-DPH) =/(measured)-/(scatter.) - I(BSA) 

r (TMA-DPH) rl(measured) - rl(scatter.) - rI(BSA) 
I(TMA-DPH) 

All experimental data were fed into a Sil'z 16 
microcomputer and then transferred to an IBM 
3081 computer, which gave corrected I(TMA- 
DPH) and r(TMA-DPH) as a function of time 
before and after platelet stimulation. 

Further data processing was done with an SAS ® 
package for best fit of the experimental points, 
with the following equations for I 

I = I o + Mt before activation, 

I = 10 + 8 ' l ( t  - 8 t )+ AI(1--exp(- k ( t  - St))) after activation 

where I 0 represents the basic fluorescence inten- 
sity, 8I and 8'1 take into account a small linear 
intensity shift, which may be due to progressive 
penetration of TMA-DPH into damaged cells, A 1 
is the typical fluorescence intensity increase due to 
the activation process and St, the time-lag be- 
tween adding the inducer and the beginning of the 
effect. Similar expressions were used for r. 

Fluorescence  l i f e t ime  d e t e r m i n a t i o n s  

The fluorescence decay times of TMA-DPH in 
resting and activated platelets, were measured with 
time correlated single-photon-counting equipment. 
The decay curves were deconvoluted with the 

method of Grinvald and Steinberg [19] and the 
autocorrelation function was considered a test of 
fit. 

Results 

P r e l i m i n a r y  controls  

All chemicals used in this study were checked, 
to ensure that they had no significant absorbance 
or fluorescence effects in the range of TMA-DPH 
and DPH spectral properties, and did not modify 
them. For instance, the calcium ionophore, 
A23187, was avoided because of its own fluores- 
cence, and ionomycin was used instead. It was 
also checked that TMA-DPH and DPH did not 
modify the platelet characteristics: mean platelet 
volume, aggregation by ADP, a-thrombin and 
collagen, and serotonin secretion induced by a- 
thrombin and collagen. DMSO had to be used at 
concentrations below 0.2%. Bovine serum al- 
bumin, added to the Tyrode's physiological solu- 
tion, interacted with TMA-DPH through its hy- 
drophobic regions; so appropriate corrections had 
to be made (see Materials and Methods). 

Fluorescence lifetime plays an important role 
in fluorescence data and has to be measured for 
correct interpretation of fluorescence anisotropy 
in terms of membrane fluidity [19]. Our results 
showed that within the limits of experimental er- 
ror, there were no changes in fluorescence life- 
times upon platelet stimulation; for example, with 
thrombin (0.2 U/ml),  the two lifetimes of TMA- 
DPH after treatment were 6.5 and 0.4 ns, versus 
6.4 and 0.4 ns before. 

K i n e t i c  s tud ies  

All the results with the fluorescence method 
were derived from kinetic experiments, in which 
fluorescence intensity and anisotropy were moni- 
tored as a function of time before and after plate- 
let stimulation with different doses of various 
effectors: a-thrombin, ADP, adrenalin, ionomy- 
cin. Human a-thrombin was selected, as the most 
potent physiological platelet activator, inducing 
both shape change and extensive secretion, whereas 
ADP only induced shape change in washed plate- 
lets. Although adrenaline binds to specific a 2- 
adreno-receptors it did not induce any shape 
change or secretion, despite its potentiating effects 
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Fig. 1. Comparison of the physiological response parameters: 
mean platelet volume and serotonin (5HT) secretion (lower 
part), and of the TMA-DPH corrected fluorescence data: 
intensity (I) and anisotropy (r) (upper part), upon stimulation 
of platelets with human a-thrombin (1 U/ml), in relation to 
time, and under the same experimental conditions. Serotonin 
secretion and mean platelet volume values (mean+ S.E., n = 3) 
are expressed, respectively, as % of the total [3H]serotortin 
content and of the mean platelet volume of unstimulated 
platelets. 1 is expressed in arbitrary units and r as its absolute 
value. Time zero is when the agent was added. Solid lines on 
fluorescence data represent the best fit to experimental points, 

computed as described in Materials and Methods. 
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of the other agonists [20,21]. Ionomycin  acts 
through calcium transfer and differs from the 
other agonists by the absence of any receptor- 
l igand interactions. 

It was not  easy to represent all the kinetic 
curves and it was easier to discuss the results on 
the basis of  dose-response data, which afford a 
more general and comparative view. However,  
particular kinetic results are referred to for clarifi- 
cation, whenever appropriate. We merely present 
here (Fig. 1) the results obtained with purified 
human ot-thrombin (1 U / m l )  at 3 7 ° C .  Fluores- 
cence intensity and serotonin secretion increased 
rapidly, reaching a maximum in less than 30 s; for 
instance the time required for the fluorescence 
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Fig, 2, Kinetics of the TMA-DPH fluorescence intensity and 
anisotropy change after stimulation of human platelets with 
ionomycin. The figure emphasizes the difference in behaviour 
at low doses (0.2 pM) (upper part) (not single exponential) and 

at higher doses (I pM) (lower part) (single exponential). 

intensity effect to reach half maximum w a s  l l / 2  = 

4.3 5:0.7 s (asymptotic standard error). In fact, the 
kinetic of serotonin secretion was slightly faster. 
The kinetics of  fluorescence anisotropy and of 
mean platelet volume change were similar, but 
rather slower than those of exocytosis: i l l  2 w a s  

7 4- 7 s for the A r effect. The variation in fluores- 
cence intensity ( A I )  was 4 0 +  1% and that in 
fluorescence anisotropy (Ar),  7 + 2% (asymptotic 
standard error); the secretion of  preloaded 
serotonin was 95 5: 2% and the increase in mean 
platelet volume, 30 +_ 4% (mean 5: S.E., n = 3 sep- 
arate determinations), 120 s after treatment with 
ct-thrombin (1 u n i t / m  1). The absolute mean 
platelet volumes were 5.40 5 :0 .05 /~m 3 before and 
7.0 5- 0 .2 /~m 3 after treatment. Decreasing the tem- 
perature to 2 2 ° C  slowed down in a similar way 
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the increase in fluorescence intensity and the 
serotonin secretion rate, but did not modify the 
maxima of the two parameters (data not shown). 
Specific behaviour was observed after stimulation 
with ionomycin, where the change in the fluores- 
cence intensity and anisotropy could not be fitted 
with a single exponential at low inducer doses, as 
it could at higher doses (Fig. 2). So the data 
processing technique in Materials and Methods 
could not be applied. Fluorescence data were 
standardized taking the average variation in 1 and 
r for AI and Ar, respectively, between 110 and 
130 s after stimulation. 

Dose-response curves 
Dose-response curves were obtained from the 

foregoing kinetic data for fluorescence intensity 
and anisotropy and were compared with serotonin 
secretion and mean platelet volume changes after 
stimulation with increasing concentrations of 
thrombin, ADP, adrenalin and ionomycin. As ex- 
pected, adrenalin did not affect the parameters 
measured (data not shown), even at high con- 
centrations (50 #M). The fluorescence intensity 
results are presented with those for serotonin 
secretion (Fig. 3), and the fluorescence anisotropy 
results with those for mean platelet volume changes 
(Fig. 4). 

Almost superimposable curves were obtained 
for the increase in fluorescence intensity and in 
serotonin secretion induced by increasing con- 
centrations of a-thrombin (0.001-10 U/ml).  Both 
effects started at the same a-thrombin concentra- 
tion (= 0.1 U/ml)  and reached a maximum for 1 
U / m l  a-thrombin (45% for AI and 95% of pre- 
loaded serotonin). Dose-response curves were also 
very similar for both processes after ionomycin 
stimulation (0.05 to 10 ~tM). The maximum was 
obtained with 0.3 gM ionomycin and it corre- 
sponded to a 200% increase in fluorescence in- 
tensity and to 70% secretion of the preloaded 
serotonin. 

Stimulation of platelets with increasing con- 
centrations of ADP gave no observable secretion 
or A I, but did induce parallel increases in fluores- 
cence anisotropy and in mean platelet volume, 
which both reached a plateau with 1 gM ADP. 
Stimulation with human a-thrombin or ionomycin 
also induced a dose-dependent increase in mean 

platelet volume; fluorescence anisotropy was bi- 
phasic with these agents, with an increase in Ar at 
concentrations below 1 U / m l  (a-thrombin) and 
0.1 #M (ionomycin), followed by a decrease in Ar 
for higher concentrations. The effect was more 
pronounced with ionomycin; in this case the de- 
creasing part of the curve was prevalent, giving 
lower r values than in unstimulated platelets. 

Discussion 

Fluorescence intensity results and serotonin secretion 
The fluorescence intensity effect discussed in 

this section is the specific increase following 
platelet stimulation, referred to as zil. The slight 
continuous shift, 81, in fluorescence intensity ob- 
served throughout the experiments is a trivial ef- 
fect attributed to the penetration of TMA-DPH 
into the inner compartments of progressively 
damaged cells [3,4]. 

After a-thrombin stimulation, as shown in Fig. 
3, A I appears to depend on the effector dose in a 
very similar way to serotonin release. The kinetics 
of both effects are also fairly comparable (Fig. 1). 
The inhibition of the physiological effects of a- 
thrombin (1 U/ml)  by hirudin (1 to 5 U/ml) 
which forms an inactive complex with thrombin, 
or by prostacyclin (1 to 1000 nM), which blocks 
the platelet secretion by increasing the cAMP 
levels, led to parallel cancellation of the fluores- 
cence intensity effects (data not shown). More- 
over, ADP, which induced only shape change but 
no secretion, did not modify the TMA-DPH fluo- 
rescence intensity. (It is generally accepted that 
ADP does not induce secretion of any granule 
content in washed human platelets [17]. It has 
been shown in the INSERM laboratory, that ADP 
did not induce significant release of platelet factor 
4 from a-granules (Hemmendinger, S., unpub- 
lished data).) Thus fluorescence intensity increase 
is secondary to platelet activation and appears to 
be specifically associated with exocytosis. A simi- 
lar effect has already been interpreted in a previ- 
ous work on mast cells and basophil cells [6], 
where the fluorescence increase was shown to stem 
from the neo-incorporation of TMA-DPH from 
the buffer solution into the inner membrane of 
secretory granules, when they fuse with the plasma 
membrane as a result of the characteristic parti- 
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tion equilibrium of TMA-DPH. The effect was 
not significantly delayed, following the increase in 
cell surface immediately, as was confirmed in the 
platelets: the addition of unlabelled cells to a 
platelet suspension containing TMA-DPH in- 
duced an immediate increase in fluorescence in- 
tensity. The correlation between exocytosis and 
A I was corroborated by an experiment using 
platelets labelled with DPH (10 -6 M) instead of 
TMA-DPH. No increase in fluorescence intensity 
was then detected after stimulation with thrombin 
(1 U/ml),  or ionomycin (1 #M); this was to be 
expected, since DPH, which is a permeant probe, 
had already labelled the granules inside the cells 
before treatment with a-thrombin. Finally, accord- 
ing to this interpretation, AI corresponds to an 
increase in the cell membrane surface (40% with 
thrombin). On this basis, and taking into account 
the respective dimensions of discoid platelets (di- 
ameter 3/tm; thickness 1 #m [23]) and of spheri- 
cal granules (diameter 0.3 #m [24]) the number of 
granules involved in the process may be estimated 
at roughly 30 to 40. This confirms that the dense 
granules (seven per platelet [24], i.e. those contain- 
ing serotonin, are not the only ones involved in 
thrombin activation, as previously pointed out 
[22], but also that the exocytosis induced by this 
agent is not total, since the overall granule count 
(dense granules, a-granules, lyzosomes) is higher 
than 100, as inferred from electron microscope 
data [25]. 

The results after activation with ionomycin are 
consistent with these assumptions, although they 
are complicated by the presence of a peak, prob- 
ably due to an inhibitory effect at the higher 
doses, as already observed with the calcium iono- 
phore A 23187 [26]. Maximum fluorescence for 
3.10 -7 M ionomycin (CaC12 2 mM) was about 
5-times higher than after a-thrombin stimulation. 
On the contrary, the serotonin level was lower 
(70% instead of 95% of total content with throm- 
bin). This indicates that ionomycin is a less effi- 
cient secretagogue than thrombin for serotonin 
and, conversely, a stronger inducer for the exo- 
cytosis of other granules (a-granules and /o r  
lysosomes). The present work was not intended to 
go deeper into such particular behaviour, but these 
results do emphasize how fruitful the fluorescence 
method can be in investigating exocytosis phe- 

nomena. The fluorescence response to 1 #M 
ionomycin was examined as a function of external 
calcium ions using the calcium chelator EGTA. 
EGTA reduced the fluorescence effect in a dose- 
dependent way and almost suppressed it for a 5 
mM concentration (data not shown). This con- 
firms that the effect on fluorescence intensity is 
significant and linked to the ionomycin induced 
influx of Ca 2+ into platelets. 

Membrane fluidity and mean platelet volume modifi- 
cations 

The fluorescence lifetime of TMA-DPH did not 
vary upon platelet stimulation, so the fluorescence 
anisotropy changes could be interpretated in terms 
of membrane fluidity modifications, as already 
mentioned. A positive A r (where r is the fluores- 
cence anisotropy corrected for scattering and 
background fluorescence) corresponds to a de- 
crease in membrane fluidity and vice versa. Again, 
the results with ADP (Fig. 4) are easier to discuss: 
only shape change is induced, and this obviously 
brings about a parallel increase in membrane 
rigidity, as observed in earlier studies [9-12] with 
other probes. 

The effect of ADP on membrane fluidity was 
completely abolished by preincubation of the cells, 
for 1 rain at 37 o C, with cytochalasin B (60/xM), a 
cytoskeleton depolymerizing agent, which under 
these conditions, suppresses the platelet shape 
change [23,27] (data not shown). 

With a-thrombin, fluorescence anisotropy, as a 
function of the dose evolved in two phases: an 
increase in zar at doses below 0.2 U / m l  and a 
decrease in A r at higher doses. The former effect 
was sensitive to cytochalasin B and so was prob- 
ably correlated to shape change, whereas the latter 
was assumed to result from granule fusion with 
the plasma membrane during exocytosis, since a 
similar effect was not observed with ADP. Specific 
granule membrane rigidity should then be signifi- 
cantly lower than that of the plasma membranes. 
The important contribution of the platelet shape 
change to the modification in membrane fluidity 
is supported by the kinetics of the phenomenon 
(Fig. 1), which correspond to that of mean platelet 
volume change and are somewhat slower than 
those of exocytosis. 

All these assumptions were strongly corrobo- 
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rated by the results with ionomycin, where the 
decreasing part of the curve (Fig. 4) largley pre- 
dominated, which would indicate a major exocyto- 
sis contribution, which of course tallies entirely 
with the conclusions based on fluorescence inten- 
sity. 

In conclusion, the results presented in this paper 
show that a single fluorescent probe, TMA-DPH, 
can rapidly provide fruitful information on mem- 
brane fluidity effects and exocytosis kinetics in 
living cell systems. In human platelets the method 
brought out a great difference in the responses to 
ionomycin and a-thrombin stimulation, not 
hitherto reported, and gave evidence for the corre- 
lation between platelet membrane rigidification, 
shape change and cytoskeleton assembly. 
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