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Abstract-The aggregation of gel-filtered human platelets induced by A23187 is very sensitive to 
inhibition by ethanol. Similarly when platelets preloaded with [3H]S-hydroxytryptamine ([3H]5HT) are 
studied in a superfusion system under conditions where aggregation is likely (high platelet density, 
presence of Ca*+) the rate of release of [3H]5HT induced by A23187 is reduced by the presence of 
ethanol. However when platelet aggregation is less likely (low platelet density, absence of Ca2’) ethanol 
does not reduce the rate of [3H]SHT efflux induced by A23187 in superfused platelets. In addition, in 
contrast to the effects of ethanol on platelet aggregation, the transformation of human red cells to 
echinocytes induced by A23187 is accelerated by the presence of ethanol. Similarly the increased efflux 
of 3H from superfused rat striatal slices preloaded with [3H]dopamine which is produced by A23187 is 
potentiated by ethanol. It is concluded that the inhibitory effect of ethanol on the action of A23187 may 
be confined to platelet aggregation. This may be because the mechanisms of action of either A23187 
or ethanol on platelet aggregation differ from those on other cell functions. 

The presence of ethanol in vitro has been shown to 
inhibit the Ca2+-dependent release of neurotrans- 
mitters [l, 21 and it has been suggested that this is 
a consequence of a reduction by ethanol in the 
intracellular free Ca2+ concentration, either by 
increased binding of Cazf to membranes at the syn- 
apse [3,4] or by decreased entry of Ca*+ into the 
nerve terminal [5]. Ethanol also inhibits platelet 
aggregation [6], probably by a mechanism involving 
inhibition of release of platelet contents [6,7]. The 
aggregating agent which is most inhibited by ethanol 
is the Ca2+ ionophore A23187 [7] and ethanol also 
inhibits the release of platelet contents produced by 
A23187 when this is studied in platelet suspensions 
[7]. The release of platelet contents by A23187 is 
thought to be the result of raised intracellular Ca*+ 
concentrations caused by translocation of Ca” into 
the cytosol from intracellular stores by the ionophore 
[8]. Since ethanol does not inhibit Ca2+ translocation 
caused by another ionophore [5] and since the 
increased membrane disorder induced by ethanol 
[9] should induce a small potentiation of ionophore 
activity [lo] these results suggest that ethanol inhibits 
the platelet release reaction at a step subsequent to 
the raising of intracellular CaZf concentrations. 

This raises the possibility that inhibition by ethanol 
of the Ca2+-dependent release of neurotransmitters 
is also at a step subsequent to the raising of intra- 
cellular free Ca2+ concentrations by membrane 
depolarisation. If this is so, then inhibition by ethanol 
of Ca2+ entry is likely to be of lesser importance. 
However, other interpretations of the experiments 
on platelets are possible. For example it has recently 
been shown that, in some circumstances, A23187- 
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induced release of platelet contents is largely con- 
sequent on A23187-induced aggregation of platelets 
and that the mechanisms of the two phenomena 
differ [ll]. Thus ethanol, by inhibiting the platelet 
aggregation induced by the ionophore might only 
secondarily inhibit the release of platelet contents. 
Our original experiments [7] on the inhibition by 
ethanol of release of platelet contents induced by 
A23187 were performed in unstirred suspensions of 
platelets in low-Ca2+ media. Although there is no 
overt evidence of platelet aggregation in such experi- 
ments this cannot be discounted as contributory to 
the release produced. We therefore decided to rein- 
vestigate the interaction between ethanol and 
A23187 on release of platelet contents in a platelet 
superfusion system in which platelet : platelet contact 
(i.e. aggregation) might be better controlled. 

Another possibility is that ethanol has some direct 
inhibitory effect on Ca*’ translocation produced by 
A23187, but not that by other Ca2+ ionophores. This 
would be of some importance because ethanol is 
frequently used as the vehicle for A23187 in bio- 
logical experiments. To test this possibility we 
required a simpler system than the platelet and so 
used the A23187-induced transformation of eryth- 
rocytes to echinocytes [ 12-141 which is highly depen- 
dent on external Ca*+ concentration and is probably 
mediated directly by the increase in intracellular 
Ca2’ produced by incorporation of A23187 into the 
plasma membrane. 

Lastly we considered the effect of ethanol on neu- 
rotransmitter release induced by the ionophore 
A23187. An interaction here might give more infor- 
mation on the way in which ethanol inhibits neu- 
rotransmitter release induced by more physiological 
means [l, 21 and could also elucidate similarities or 
differences between the release of intracellular con- 
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tents by platelets, erythrocytes and neurones. By 
compa~ng the interactions between ethanol and ion- 
ophore A23187 in these three cell types we hoped 
to learn more about the mechanism of action of both 
drugs. 

~~~~n platelets. Human blood was collected as 
described previously [7] from healthy volunteers into 
acid citrate : dextrose anticoagulant. Preparation of 
platelet-rich plasma with subsequent centrifugation 
onto bovine serum albumin and filtration on Sephar- 
ose CL2B were all as described previously [7]. The 
elution buffer and the medium used for suspension 
of gel-filtered platelets was Ca2*-free Tyrode’s sol- 
ution (pH 7.3). The platelet count was adjusted to 
3-6 x l@*mI-’ before experimentation. 

100 d of the erythrocyte suspension was incubated 
at 37” with 10 ml buffered isotonic saline containing 
0.5% albumin and combinations of A23187 (6 PM) 
Ca” (2 mM) and ethanol (50 mM). These concen- 
trations were chosen on the basis of preliminary 
experiments. The vehicle for A23187 in these experi- 
ments was dimethylsulphoxide alone. Addition of 
the vehicle to erythrocyte suspensions did not affect 
the rate of transformation to echinocytes. The mor- 
phology of erythrocytes in suspension was examined 
by light microscopy and the echinocytotic transfor- 
mation quantified by counting at intervals in a Neu- 
bauer ceil. 

Aggregation of platelets in gel-filtered platelet sus- 
pensions was studied turbidimetrically in a Payton 
Dual Channel Aggregation Module. All experiments 
utilized a 500 ~1 cuvette at 37” with stirring at 
1OOO~m. Ethanol when added to the cuvette to 
produce final concentrations from 12.5 to 100mM 
was used as a 10 M solution in saline. A23187 was 
used in a vehicle containing dimethylsulphoxide 
(DMSO) and methanol. Adding equivalent volumes 
of this vehicle to platelet suspensions did not affect 
the aggregation produced by A23187 or collagen. 

The release of [3H]5HT by human platelets was 
studied in a superfusion system. Platelet-rich plasma 
was incubated with f3H]5HT (25 ,&i/20 ml PRP) for 
60 min at 21” and then centrifuged onto bovine serum 
albumin before aspiration and layering onto Milli- 
pore filters (0.8 p pore diameter). Platelets loaded 
with 13H]5HT and trapped on Millipore filters were 
then superfused at 2ml+rnir1-~ with oxygenated 
Ca*+-MgZ’-free Krebs solution containing 1 mM 
EGTA at 37”. After 30min superfusion, fraction 
collection was begun and, after a further lOmin, 
platelets were superfused for 7min (Sr) with com- 
binations of A23187 (2.5@l), Ca2+ (OSmM) and 
ethanol (50 mM). These concentrations were chosen 
on the basis of preliminary experiments. After 50 min 
further superfusion with Ca2+-Mg2+-free Krebs sol- 
ution platelets were again stimulated (SZ) to release 
13H]5HT by another 7-min period of superfusion 
with combinations of A23187 (2.5,uM) and Ca” 
(0.5 mM). Superfusion and collection proceeded for 
a further 30min before the experiment was termi- 
nated. The radiofabel present on the filter paper at 
the end of an experiment was measured by solubi- 
lisation and scintiilation counting. The fraction of 
3H released in each period of collection was esti- 
mated from this value and from the 3H present in 
the collected superfusate. 

Rat corpus striatum slices. Male Sprague-Dawley 
rats (20@25Og) were stunned and decapitated and 
striata dissected from the brain on ice. Striata were 
chopped into O.Zmm prisms using a McIlwain chop- 
per and then incubated for 60min at 37” with 
~3H]dopamine in oxygenated Krebs solution. After 
centrifugation, removal of supernatant and resus- 
pension, aliquots of the ~3H]dopamine-loaded slices 
were placed on Whatman No. 1 filter discs and 
superfused at 2ml*min-’ with oxygenated Krebs 
solution for 60 min before collection of superfusate 
commenced. Release of 3H from the superfused 
slices was induced in two periods (S1 and Sz) during 
which A23187 (6, 9 and 12$vf) was present in the 
superfusate. The vehicle for A23187 in these experi- 
ments was DMSO. This had a small enhancing effect 
on its own on the spontaneous release of 3H but this 
was not significant in relation to the A23187-induced 
release. The presence of ethanol (50 mM) on the 
release of 3H induced by A23187 was tested by the 
incorporation of ethanol into the superfusate during 
SZ. The fraction of 3H released in each collection 
period was calculated in the same way as that 
described for the platelet superfusion studies. 

~u~e~iuls. Al1 chemicals were obtained from Sigma 
Chemical Co, Ltd U.K. Radiochemicals were 
obtained from the Radiochemical Centre (Amer- 
sham, U.K.). Rats were obtained from Charles 
River, U.K. 

RESULTS 

Human platelets 

The aggregation of human gel-filtered platelets by 
A23187 varied considerably between indivjdua~s but 
ionophore concentrations of 0.2-3 FM usually caused 
full aggregation. Ethanol inhibited platelet aggre- 
gation produced by A23187 in all individuals but 
there was considerable variation. A concentration 
of 12.5 mM ethanol was usually sufficient to produce 
a greater than 50% inhibition of aggregation to a 
concentration of A23187 which had previously pro- 
duced just maximal aggregation (Fig. 1). 

Human red cells. Blood was taken as described Platelets preloaded with [3H]5HT and superfused 
previously except that 5 mM EDTA (1: 10 volumes) with A23187 or Ca2+ or a combination of the two 
was used as anticoagulant. Whole blood was centri- released an increased fraction of 3H into the super- 
fuged at 3000 rpm for 5 min and serum and buffy fusate (Fig. 2). The fraction of 3H released by A23187 
coat removed by aspiration. Red cells were washed (2.5 PM) in Sr was not totally dependent on external 
3 times with buffered saline (pH 7.35, 290 * 10 Ca2’ (i.e. some increase in release was obtained with 
mGsm) containing 0.5% albumin before resuspen- no added Ca2+) but the presence of Ca’” did further 
sion at a haematocrit of 10% and storage overnight increase A231874nduced release. Some increase in 
at 4”. The next day, after 60min incubation at 37”, fractional release of 3H was always obtained when 
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Concentration of ethanol (mM> 

Fig. 1. Effect of ethanol on aggregation of gel-filtered 
human oiatelets induced bv A23187. Results show the oer 

I 

cent aggregation of samples of human gel-filtered platelets 
in suspension. Ethanol in the concentrations shown along 
the baseline was added 2min before a concentration of 
ionophore which had been previously shown just to produce 
100% aggregation in platelets from the same individual. 
The values shown are the means + S.E.M. of the per- 
centage aggregation produced in samples from at least nine 

individuals. 

A23187 was superfused in SZ suggesting that irre- 
versible aggregation and release had not occurred 
in all platelets during S,. 

The transformation of normal biconcave disco- 
cytes to echinocytes and then to spherocytes by 
A23187 was highly dependent on the external Ca*+ 
concentration (Fig. 5). The presence of 50mM 
ethanol in the medium produced a small but sig- 
nificant enhancement of the rate of transformation 
(Fig. 5). No conditions were found under which 
ethanol inhibited the change produced by the 
ionophore. 

Rat corpus s~rja~urn slice su~erf~ion 

The presence of 50 mM ethanol in the superfusate The incorporation of A23187 in the superfusing 
during the Sr period of stimulation with A23187 fluid caused a concentration-dependent increase in 
tended to slow the rate of “H release when Cazt was efflux of 3H from rat corpus striatum slices preloaded 
also present (Fig. 3a) although the total fraction of 
‘H released during the stimulation period was not 

with rH]dopamine. A second period of incorpora- 
tion (Sz) produced a very similar increase in the 

reduced. Further examination of the data shows that 
the maximum rate of 3H release in Sr induced by the 

fraction of 3H released. When ethanol was present 

ionophore in the presence of Ca” is highly correlated 
in the superfusate during Sz at a concentration of 
50mM the release induced by the ionophore was 

with the platelet density on the filter (Fig. 4a). The 
presence of ethanol in the superfusate in Sr reduces 
this maximum rate of release at high platelet densities 
but has little effect or enhances release at low platelet 
densities [Fig. 4b). Ethanol also had no effect on the 
release of 3H produced by A23187 from [3H]5HT 
loaded platelets in the absence of external Ca2+ (Fig. 
3b). The effect of superfusion with DMSO at the 
concentration used as the vehicle for A23187 had 
no significant effect on the efflux of [‘H]5HT from 
platelets. Of six experiments when DMSO was 
superfused four showed a slight decrease and two 
a slight increase in the fractional release of [3H]5HT 
compared with spontaneous efflux. When these 
results were quantified DMSO produced a mean 
increase in release of 0.38%. This can be compared 
with the 42-48% increase in 13H]5HT release induced 
by superfusion with A23187. 

Human red cells 

Time after beginning fraction cotrection (min) 

Fig. 2. Effect of A23187 on release of 3H from superfused human platelets preloaded with [rH]SHT. 
A23187 (2.5 PM) in the presence (O-----O) or absence (O--O) of 0.5 mM Ca2+ was incorporated 
into the superfusate for two 7min periods, St and SZ. Values shown are the release of 3H per 
minute expressed as a percentage of the total 3H on the filter paper at the beginning of that collection 
period. This is termed the “mean per cent fractional release”. The figure represents the mean of six 

experiments. 
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( 0 ) Hiah platelet 1 b 1 LOW platelet 
dekity IO 5 mM Ca2+l density (no Ca*+l 

Fig. 3. Effect of ethanol on the release of ‘H from superfused human platelets preloaded with [3H]5HT 
and stimulated with A23187. Results show representative results from the St period of stimulation of 
superfusion of human platelets in which release was induced by 2.5 +uM A23187 (O---@). (a) shows 
results in which a high density of platelets was present (as estimated by the dpm present at the beginning 
of fraction collection). Under these conditions the presence of 50 mM ethanol (A-A) reduces the 
rate of [3H]5HT release (see also Fig. 4b) but the total release of [3H]5HT in the 20 min following the 
first exposure to A23187 is not reduced. Thus in six separate experiments under these conditions 2.5 PM 
A23187 induced the release of 42.4 + 7.8% of the total [3H]5HT taken up by the platelets. When 50 mM 
ethanol was present the corresponding figure was 53.7 i 7.9% {mean t S.E.M.). These values are not 
significantly different. In (b) a low density of platelets was present on the filter and Ca” was absent 
from the superfusate. Under these conditions ethanol affects neither the rate nor the total release of 
[3H]5HT. Thus in six experiments A23187 induced release of 47.7 ? 3.3% of [jH]5HT in the absence 

(M) and 47.4 ? 1.6% of E3H]5HT in the presence (A-A) of 50 mM ethanol. 

(0 1 Controls ( b ) Ethonot in S, 
10- 

30- 

20 - 

IO - 

I 1 I I 
100 200 300 400 

3H dpm on filter at commencement of fraction collection (x IO”) 

Fig, 4. Relationship between platelet density and rate of release of 3H from [3H]5HT preloaded platelets 
by A23187. (a) The results show the maximum rate of fractional release of 3H induced by 2.5 PM 
A23187 in S, plotted against the dpm on the filter paper at the beginning of superfusion collection. This 
is taken to be an estimate of the number of viable platelets available to interact with A23187. There 
is a linear relationship between these variables in the control superfusion (0) when no ethanol is present 
(correlation coefficient 0.96) and when ethanol is present before, but not during S1 (0) (correlation 
coefficient 0.72). (b) The effect of the presence of 50 mM ethanol (A) in SI on the above relationship 

is shown. The relationship is entirely lost (correlation coefficient 0.12). 
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Time after addltlon of A23187 (run) 

Fig. 5. Effect of ethanol on transformation of human red 
cells to echinocytes induced by A23187. The transformation 
from erythrocytes to echinocytes produced by 6 PM A23187 
was assessed by light microscopy. Results shown are from 
one typical individual. The rate of transformation produced 
by A23187 in Ca*+-containing buffer (M) is reduced 
by omitting Ca *+ from the medium (M) and is 
enhanced by addition of 50 mM ethanol either simulta- 
neously with A23187 (A-A) or 1 hr before A23187 
(A-A). Intermediate periods of preincubation with 
ethanol produced similar results. This pattern was found 
in all six individuals studied. However, variations in the 
rate of transformation of erythrocytes to echinocytes 
between individuals make the data difficult to compare. 
Nevertheless when the times to reach 50% echinocytosis 
are compared in a Wilcoxon signed ranks test ethanol 
significantly increases the rate of echinocyte production. 

enhanced by 3040% (Fig. 6). This effect was seen 
at all concentrations of ionophore studied. 

DISCUSSION 

The platelet aggregation induced by the Ca*+ ion- 

ophore A23187 has been reported to be very potently 
inhibited by ethanol [7]. Similarly the release of 
platelet contents induced by A23187 from platelet 
suspensions is also inhibited by ethanol [7]. This 
suggests that ethanol either inhibits the Ca” trans- 
location induced by the ionophore or that it has an 
inhibitory effect on the release process by reducing 
the effectiveness of a raised intracellular free Ca2+ 
concentration in initiating release. A mechanism of 
the second kind could also explain the inhibition by 
ethanol of other processes thought to be triggered 
by raised intracellular Ca2+ such as Ca’+-dependent 
neurotransmitter release [l, 21. 

The results obtained in these experiments confirm 
the great sensitivity to inhibition by ethanol of the 
aggregation of human platelets when this is induced 
by A23187 [7]. However the interaction between 
ethanol and A23187 in superfused human platelets 
preloaded with [“H]SHT suggests that ethanol does 
not always reduce the release of platelet contents 
induced by the ionophore. When the density of 
platelets on the superfused filter was high and when 
Ca2+ was present in the superfusate (i.e. conditions 
ideal for platelet aggregation to be induced by 
A23187) ethanol appeared to have some inhibitory 
effect on the release of platelet [3H]5HT induced by 
A23187. This was manifest r_ot as a reduction in the 

I I I I I I 
30 40 50 

l&l 
60 SZ 

90 100 

Time after beglnning fraction collection imm) 

Fig. 6. Efflux of [3H]dopamine from superfused slices of rat corpus striatum induced by A23187 in the 
presence and absence of ethanol. The results shown are the means of values obtained for the percentage 
fractional release of 3H induced by 12 FM A23187 in Si and SZ from six experiments. In the experiments 
denoted by the symbols M no ethanol was present at any time during the superfusion. In the 
experiments denoted by the symbols A-A ethanol was present 40 min before, and during, S2. 
Similar results were obtained with the other concentrations of A23187 investigated (6 and 9 PM). When 
no ethanol is present the fraction of [3H]dopamine released in SZ is very similar to that released in Si 
(S& = 1.05 * 0.11, mean * S.E.M., N = 18). However when 50mM ethanol is present during SI the 
efflux of [3H]dopamine induced by A23187 is enhanced (S&r = 1.37 t 0.08, mean + S.E.M., N = 18). 
This represents a significant increase produced by ethanol at the P < 0.05 level in an unpaired Students 
test. The presence of DMSO in the superfusate at the same concentration as that present as a vehicle 
for A23187 produced a small enhancement of [jH]dopamine release but this was insignificant compared 
to that produced by the ionophore plus vehicle. Increasing the concentration of the vehicle did not 

potentiate or inhibit the A23187-induced release. 
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total fraction of 3H released during the stimulation 
period but rather as a reduction in the rate of release 
of 3H induced by the ionophore. Prolongation of the 
duration of A23187-induced release by ethanol (Fig. 
3a), which accounts for the similar total fraction 
released in the presence and absence of ethanol in 
the superfusate, may be a consequence of inhibition 
by ethanol of the platelet 5HT reuptake mechanism 
WI. 

The maximum rate of release of platelet [3H]5HT 
by A23187 in the presence of Ca2+ was found to be 
highly correlated with the density of platelets on the 
superfused filter. This suggests that, under conditions 
where aggregation is favoured, platelets release their 
contents more explosively in response to A23187. 

Under conditions where the likelihood of platelet 
aggregation produced by A23187 was low (no exter- 
nal Ca2+, low platelet density) ethanol did not inhibit 
the release of platelet contents induced by the 
ionophore. 

These results suggest that the inhibition by ethanol 
of the A23187-induced release of platelet contents 
previously observed in suspensions of human 
platelets is a consequence of inhibition of platelet 
aggregation rather than a direct effect on the 
Ca2’-mediated mechanism of release. Experiments 
on the echinocytotic transformation of human red 
cells and the release of [3H]dopamine from slices of 
rat corpus striatum also show that these effects of 
the ionophore are not inhibited by ethanol. Ethanol 
in fact produces a small enhancement of the rate of 
red cell transformation and an increase in the 
[3H]dopamine release induced by A23187. This 
enhancement could be related to the membrane- 
disordering effect of ethanol increasing ionophore 
mobility [lo]. 

In conclusion ethanol has a dramatic inhibitory 
effect on the A23187-induced aggregation of human 
platelets in suspension. It does not however inhibit 
the release of platelet contents induced by A23187 
unless this is consequent on aggregation. Ethanol 
also does not inhibit the echinocyte transformation 
of human red cells induced by A23187 and so prob- 
ably does not inhibit Ca” translocation across 
plasma membranes produced by this ionophore. 
Release of the neurotransmitter dopamine by 

A23187 is actually enhanced by ethanol, making it 
unlikely that the inhibition by ethanol of more 
physiologically-induced transmitter release occurs at 
a step subsequent to Ca2+ entry into the nerve ter- 
minal. The most likely explanation of the differences 
between the interaction of ethanol and A23187 in 
the different cell types studied is that A23187 induces 
platelet aggregation by a mechanism unrelated to its 
Ca*+ ionophore effect [ll]. An alternative expla- 
nation is that ethanol has some inhibitory effect on 
platelet aggregation which differs in its mechanism 
from its actions on other cells. 
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