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Short Communication

Cyclopiazonic acid and thapsigargin induce platelet aggregation resulting
from Ca2q influx through Ca2q store-activated Ca2q- channels
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Abstract

The effects of cyclopiazonic acid and thapsigargin, selective inhibitors of the endoplasmic reticulum Ca2q-ATPase pump, on the
platelet aggregation were investigated using washed rat platelets prepared by chromatography on Sepharose 2B columns. In Ca2q-free
medium, cyclopiazonic acid and thapsigargin did not induce aggregation, but in the presence of 1 mM Ca2q, platelet aggregation was
induced in a concentration-dependent manner. Cyclopiazonic acid- and thapsigargin-induced platelet aggregation was blocked by 1 mM
Ni2q but not by 100 mM indomethacin or 1 mM nifedipine. In aequorin-loaded platelets, cyclopiazonic acid and thapsigargin caused
sustained elevation of the cytosolic Ca2q concentration, an effect which was blocked by Ni2q, a non-selective Ca2q channel blocker and

Ž � w Ž . x 4 . 2qSK&F 96365 1- b- 3- 4-methoxyphenyl propoxy -4-methoxyphenyl -1 H-imidazole hydrochloride , a putative receptor-operated Ca
channel antagonist. The above results indicated that both cyclopiazonic acid and thapsigargin induced platelet aggregation and elevation
of cytosolic Ca2q concentration, that extracellular Ca2q was essential for cyclopiazonic acid- and thapsigargin-induced platelet
aggregation, and that platelet aggregation may be associated with Ca2q influx through Ca2q store-activated Ca2q channels. q 1998
Elsevier Science B.V.
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1. Introduction

Cyclopiazonic acid, thapsigargin and 2,5-di-tert-butyl-
Ž .1,4-benzohydroquinone tBuBHQ have been shown to be

potent and selective inhibitors of the sarcoplasmic reticu-
Ž 2qlumrendoplasmic reticulum Ca -ATPase pump in skele-

Žtal, cardiac and vascular smooth muscles Seidler et al.,
1989; Deng and Kwan, 1991; Shimamoto et al., 1992;

. 2qJanczewski and Lakatta, 1993 . These Ca -pump in-
hibitors cause an elevation of cytosolic Ca2q concentration
in intact cells via the spontaneous release of Ca2q from
intracellular stores as a result of prevention of Ca2q

Žsequestration by endoplasmic reticulum Brune and Ull-
rich, 1991; Low et al., 1992; Janczewski and Lakatta,

.1993 . Therefore, they have been widely used in the study
of the role of intracellular Ca2q in various cellular events,
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including platelet activation, aggregation and secretion
ŽBrune and Ullrich, 1991; Malcolm and Fitzpatrick, 1992;
Tao and Haynes, 1992; Authi et al., 1993; Kimura et al.,

.1993; Dachary-Prigent et al., 1995 . However, different
Ca2q-pump inhibitors seem to exert different effects on
platelet activity. For example, coagulant activity and mi-
croparticle formation during platelet activation depend on
an increase in cytosolic Ca2q levels and are inhibited by
thapsigargin and cyclopiazonic acid, but not by tBuBHQ
Ž .Dachary-Prigent et al., 1995 . Furthermore, thapsigargin
induces aggregation and secretion responses, but tBuBHQ

Ž .only induces shape change Authi et al., 1993 . The effect
of cyclopiazonic acid on platelet aggregation has not been
investigated. Recently, the aggregation activity of human
platelets elicited by thapsigargin has been attributed in part
to the response secondary to endogenous thromboxane
A rprostaglandin H formation which is inhibited by2 2

Žaspirin and indomethacin Malcolm and Fitzpatrick, 1992;
.Authi et al., 1993 . However, in our preliminary experi-

ments, we did not observe the inhibitory effect of indo-
methacin on thapsigargin-induced aggregation of chro-
matographically isolated rat platelets. In view of the above
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findings, we now used washed rat platelets isolated by
filtration chromatography on Sepharose 2B column to
study the action of cyclopiazonic acid as well as the effect
of Ca2q on platelet aggregation, compared to the effect of
thapsigargin.

2. Materials and methods

2.1. Preparation of washed platelets

Ž .Blood 3–5 mlrrat drawn from the carotid artery or
heart of male Wistar rats weighing 250–275 g was dis-
solved into 1r10 volume of 3.8% trisodium citrate and
centrifuged at 1,000 rpm for 10 min. The supernatant,

Ž .platelet-rich plasma PRP , was applied to a sepharose 2B
Ž .column 2=15 cm and platelet fractions were eluted with

Ž .0.05 M Tris–HCl buffer pH 7.2 , containing 140 mM
NaCl, 1 mM MgCl , 0.1% glucose and 0.4% bovine2

serum albumin. A platelet suspension of 2=105rml was
Žprepared using the above elution buffer Kawai et al.,

.1994 .

2.2. Platelet aggregation

Aggregation was quantified photometrically as the max-
imal rate of change in light transmission through a 200 ml
sample of washed platelet preparation at 378C under con-
stant stirring in the test solution. The reference contained
only the above Tris buffer. Platelet aggregation was mea-

Ž .sured using the Chrono-Log aggregometer USA con-

trolled by an IBM computer through a Agg-Link interface
connecting to two recorders, allowing simultaneous mea-

Ž . 2qsurement of two samples Huang and Kwan, 1996 . Ca
was added before the addition of other reagents to induce
aggregation unless otherwise indicated. Nifedipine and
indomethacin were incubated for 10 min with the platelet
preparation before the addition of other reagents.

2.3. Measurement of cytosolic Ca2 q in aequorin-loaded
platelets

Cytosolic Ca2q was monitored as chemiluminescence
Ž .in aequorin-loaded platelets Yamaguchi et al., 1986 ac-

Žcording to procedures described earlier Johnson et al.,
.1985 . Briefly, rat PRP acidified to pH 6.1 with 1 M citric

Žacid was washed with HEPES-buffer saline 0.14 M NaCl,
2.7 mM KCl, 0.1% bovine serum albumin, 0.1% glucose

.and 3.8 mM HEPES pH 7.6 containing 5 mM EGTA and
1 mM prostaglandin E . The platelets were then suspended1

in 90 ml of the same buffer and 10 ml of 3 mgrml
Ž .aequorin solution. Dimethylsulfoxide DMSO was added

stepwise to obtain a final concentration of 6% in the
suspension and the mixture was incubated for 2 min. The
suspension was subsequently diluted with 1 ml of
HEPES-buffer saline, centrifuged, and washed 3 times,
each time with 1 ml of the same HEPES. Finally, the
platelets were suspended, 3–5=105 plateletsrml, in the
HEPES buffer saline containing 1 mM CaCl and 1 mM2

MgCl for the determination of platelet cytosolic Ca2q in2

the Chrono-Log aggregometer.

Ž . Ž . Ž .Fig. 1. A The effect of 0.1 mM thapsigargin TSG and 1.0 mM cyclopiazonic acid CPA on platelet aggregation in the presence and absence of 2 mM
2q Ž . 2q ŽCa . B Concentration dependence on cyclopiazonic acid and thapsigargin of the platelet aggregation in the presence of 1.0 mM Ca mean"S.D.;

. Ž . 2q Žns4–7 . C Ca -concentration dependence of platelet aggregation induced by 1.0 mM cyclopiazonic acid and 0.1 mM thapsigargin mean"S.D.;
. 2qns4 . Optimal effect was observed at 1.0 mM Ca .
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2.4. Materials

Ž .Sepharose 2B was purchased from Pharmacia Sweden ,
Ž .Arachidonic acid from Chrono-Log USA . Thapsigargin,

Ž .cyclopiazonoic acid from Penicillium cyclopium and ae-
Ž .quorin from jellyfish and other chemicals were from
Ž .Sigma St. Louis .

3. Results

Fig. 1A shows that 1.0 mM cyclopiazonic acid and 0.1
mM thapsigargin induced prominent aggregation of washed
rat platelets in the presence but not in the absence of 1 mM
Ca2q. The platelet aggregation induced by cyclopiazonic
acid and thapsigargin was dependent upon the concentra-

Ž .tion of thapsigargin and cyclopiazonic acid Fig. 1B , as
2q Ž .well as of Ca Fig. 1C . The maximal effect induced by

cyclopiazonic acid was similar to that induced by thapsi-
gargin, but the potency of cyclopiazonic acid was lower

Ž .than that of thapsigargin by about one log unit Fig. 1B .
To investigate the route of the entry of Ca2q induced by

cyclopiazonic acid or thapsigargin, leading to platelet ag-
gregation, the effect of nifedipine, an L-type Ca2q channel
antagonist, and Ni2q, a non-selective Ca2q entry blocker,
on platelet aggregation was investigated. Nifedipine at 1
mM did not prevent the platelet aggregation induced by
cyclopiazonic acid, thapsigargin, and ADP in the presence
of 1 mM Ca2q. The rate of platelet aggregation induced by
1 mM cyclopiazonic acid in the washed platelet prepara-
tions with and without preincubation with 1 mM nifedipine
for 10 min was 74.3"3.9% and 76.5"9.8%, respectively
Ž .ns6, P)0.05 , while that induced by 0.1 mM thapsi-
gargin with and without preincubation with nifedipine, was

Ž61.0"13.6% and 60.8"11.7%, respectively ns6, P)
. 2q 2q0.05 . In contrast, 1 mM Ni , a non-specific Ca chan-

nel blocker, effectively prevented cyclopiazonic acid- and
thapsigargin-induced platelet aggregation in the presence

2q Ž .of 1 mM Ca Fig. 2A , but did not prevent ADP- and
A23187-induced aggregation. The A23187-induced platelet
aggregation rate without and with 1 mM Ni2q was 70.8"

Ž .4.1% and 61.4"4.4%, respectively ns5 .
Fig. 2B shows that, in the presence of 1 mM Ca2q, 1

mM cyclopiazonic acid induced an elevation of cytosolic
Ca2q concentration, manifested as an increase in lumines-
cence signals, all of which could be reversed by 60 mM
SK&F 96365 or 1 mM Ni2q, but not by 1 mM nifedipine
Žnot shown; similar results were also observed with 0.1

.mM thapsigargin . In contrast, the elevation of cytosolic
Ca2q concentration induced by 0.1 mM A23187, a Ca2q

ionophore, could not be inhibited by either 60 mM SK&F
96365 or 1 mM Ni2q since the entry of Ca2q brought
about by ionophore does not involve membrane protein
channels. However, there seemed to be a slight reduction

2q Ž .by SK&F 96365 of the Ca level in each case Fig. 2B .
This could have resulted from the overshoot of plasmalem-

Ž . 2qFig. 2. A Prior incubation of 1.0 mM Ni with platelets in the
presence of 1.0 mM Ca2q inhibited the aggregation induced by 1.0 mM

Ž . Ž .cyclopiazonic acid CPA or 0.1 mM thapsigargin TSG , but elicited no
Ž .effect on aggregation induced by 5.0 mM ADP. B The addition of 1.0

2q Ž . 2qmM Ni or 60 mM SK&F 96365 SKF in the presence of 1 mM Ca
inhibited the elevation of cytosolic Ca2q level induced by cyclopiazonic

Ž .acid 1.0 mM , but not that induced by 1.0 mM A23187. The addition of
1.0 mM Ca2q to platelets in nominally Ca2q-free medium elicited a very
small rise of cytosolic Ca2q level which was inhibited by 60 mM SK&F;
subsequent application of 1.0 mM cyclopiazonic acid elicited only a very
small transient elevation of aequorin chemiluminescence which was fully

Ž .expressed upon cell rupture by means of 0.1% Triton X-100 Triton .

mal Ca2q-pump activation in response to sustained eleva-
tion of cytosolic Ca2q followed by a very rapid blockade
of Ca2q entry. Alternatively, the reduction of cytosolic
Ca2q level by SK&F 96365 to slightly below the original
resting level may have reflected the presence of non-selec-
tive leak channels sensitive to the blockade by SK&F

Ž .96365 Leung et al., 1996 .
Ž .Malcolm and Fitzpatrick 1992 reported that human

platelets treated with thapsigargin had extensive eicosanoid
formation, and the resulting platelet aggregation could be
attenuated by ibuprofen and aspirin, thus suggesting an
indirect action of thapsigargin on platelet aggregation.

Ž .Authi et al. 1993 , however, reported that thapsigargin
still induced aggregation and secretion in indomethacin-
treated platelets. In the present study using rat platelets,
indomethacin at 100 mM, causing suppression of the
platelet aggregation induced by arachidonic acid from

Ž .62.5"8.6% to 37.3"14.6% ns6, P-0.05 , failed to
prevent platelet aggregation induced by 1 mM cyclopia-
zonic acid or 0.1 mM thapsigargin in the presence of 1
mM Ca2q. The maximal platelet aggregation induced by
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cyclopiazonic acid with and without preincubation with
indomethacin for 10 min was 76.7"9.0% and 77.7"

Ž .16.8%, respectively ns7, P)0.05 , while that induced
by thapsigargin was 74.3"10.2% and 73.8"11.4%, re-

Ž .spectively ns6, P)0.05 .

4. Discussion

We report here our novel findings that washed rat
platelets separated by filtration chromatography on
Sepharose 2B column were able to aggregate in the pres-
ence of cyclopiazonic acid, a completely reversible in-
hibitor of the endoplasmic reticulum Ca2q pump. The
effects of cyclopiazonic acid were compared to those of
the more commonly used irreversible inhibitor of the
endoplasmic reticulum Ca2q pump, thapsigargin, and found

Ž .the following common characteristics: a both showed
similar concentration dependence, with thapsigargin being

Ž .more potent than cyclopiazonic acid; b the aggregation
2q Ž .depended on extracellular Ca ; c their effects could not

Žbe inhibited by indomethacin or by nifedipine a specific
2q .L-type Ca channel blocker , but could be prevented by

2q Ž 2q . Ž .Ni a non-specific Ca channel blocker ; and d both
drugs caused elevation of cytosolic Ca2q at the concentra-
tion also effective for platelet aggregation, and the increase
in Ca2q could be blocked by SK&F 96365, a receptor-op-
erated Ca2q channel blocker, which has previously been

Ž .shown to inhibit platelet aggregation Merritt et al., 1990 .

4.1. Cyclopiazonic acid-induced platelet aggregation re-
quires extracellular Ca2 q

Extracellular Ca2q is essential for both cyclopiazonic
acid- and thapsigargin-induced platelet aggregation, be-
cause in Ca2q-free medium, no platelet aggregation was
observed upon addition of cyclopiazonic acid or thapsigar-
gin, despite the fact that these endoplasmic reticulum
Ca2q-ATPase pump inhibitors can induce small transient
elevation of cytosolic Ca2q. The requirement of extracellu-
lar Ca2q for rat platelet aggregation has also been demon-
strated in aggregation induced by Cobra venom peptide,
cardiotoxin, which interacts with the platelet cell mem-
brane and enhances membrane permeability to Ca2q

Ž .Huang and Kwan, 1996 . The optimal effect on platelet
aggregation induced by cardiotoxin, as in the present study,
was attained at 1–4 mM Ca2q. However, in contrast to our
present observation, prior addition of 5 mM Ca2q pro-
tected the platelets from cardiotoxin-induced aggregation.
Since the platelet aggregation induced by cyclopiazonic

Ž .acid and thapsigargin present work , which act at an
intracellular membrane site, and that induced by ADP
Ž .Huang and Kwan, 1996 , which acts at the cell membrane
receptor site, were not affected by prior addition of 5 mM
Ca2q, it is unlikely that high concentrations of Ca2q exert
any membrane-stabilizing effect, or direct interaction with
cyclopiazonic acid.

4.2. Cyclopiazonic acid-induced aggregation utilizes Ca2 q

entry Õia non-selectiÕe cation-channels

These results obtained with nifedipine and Ni2q indi-
cate that the platelet aggregation induced by Ca2q-pump
inhibitors was not associated with Ca2q entry via nifedip-
ine-sensitive L-type Ca2q channels, and support the con-
tention that aggregation may utilize Ca2qrelease-activated,
non-selective cation channels as observed in endothelial

Ž .cells Pasyk et al., 1995 and vascular smooth muscle cells
Ž .Deng and Kwan, 1991; Low et al., 1992 . Indeed, thapsi-
gargin has been reported to increase cytosolic concentra-

2q q Žtion of Ca and Na in human and rat platelets Heems-
. qkerk et al., 1994 . Elevation of the cytosolic Na concen-

tration was more pronounced in Ca2q-free medium, indi-
cating that some of the Naq enters through Ca2q entry

Ž .pathways Kimura et al., 1993 . Such a contention is also
in accordance with the fact that platelet aggregation was

Ž .also inhibited by SK&F 96365 Merritt et al., 1990 and
Ž .tetrandrine Chen et al., 1996 , which were reported to

inhibit platelet aggregation via non-L-type Ca2q channels.

4.3. Cytosolic Ca2 q concentration measurements agree
with aggregation studies

Ž .The results Fig. 2B obtained with aequorin-loaded rat
platelets are well consistent with those of aggregation
studies as presented in Fig. 1A and Fig. 2A. In the absence
of cyclopiazonic acid, Ca2q alone caused only a small
increase of luminescence, this being consistent with the

Žsmall changes seen in the aggregation experiment Fig.
.1A . Subsequent addition of 60 mM SK&F 96365 pre-

vented the sustained rise of cytosolic Ca2q concentration
induced by 1.0 mM cyclopiazonic acid, which was similar
to that elicited by 1.0 mM cyclopiazonic acid in Ca2q-free

Ž .medium not shown . Apparently, the small transient ele-
vation of cytosolic Ca2q by cyclopiazonic acid due to

2q 2q Ž 2qCa release in the absence of Ca entry in Ca -free
2q.medium or in the presence of Ni was not capable of

Ž .causing platelet aggregation see Fig. 1A and Fig. 2A ,
thus reinforcing the essential role of Ca2q entry in the
process leading to platelet aggregation.

Although the results obtained in aggregation studies are
qualitatively consistent with those of cytosolic Ca2q mea-
surements, we would point out that chromatographically
washed rat platelets were chemically more sensitive, so

Ž .that DMSO concentrations higher than 1.0% vrv also
caused membrane aggregation. This precluded the use of
DMSO-facilitated loading of aequorin for chromatographi-
cally isolated platelets and we used the EGTA
washrcentrifugation method originally proposed by John-

Ž .son et al. 1985 . It is possible that some endogenous
substances which prevent spontaneous platelet aggregation
may have been removed chromatographically from the
platelet membranes.
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4.4. Conclusion

Unlike receptor agonists, cyclopiazonic acid and thapsi-
gargin interfere specifically with the internal Ca2q store,
causing Ca2q release-activated Ca2q entry, which in turn
leads to platelet aggregation. The relatively less potent

Ž .effect of cyclopiazonic acid compared to thapsigargin on
platelet aggregation also agrees well with its less potent
inhibitory effect on endoplasmic reticulum Ca2q-ATPase
Ž .Darby et al., 1996 . The present findings let us to con-
clude that cyclopiazonic acid, like thapsigargin, causes
aggregation of washed rat platelets via influx of Ca2q as a
result of depletion of intracellular Ca2q stores, indepen-
dent of endogenous lipid mediator formation.

Acknowledgements

This work was supported by The Hong Kong Research
Grant Council and the Heart and Stroke Foundation of
Ontario. C.Y.K. is a Career Investigator of the Heart and
Stroke Foundation of Ontario. S.J.H. was a visiting scien-
tist from the Department of Pharmacology, Sun Yat-Sen
University of Medical Sciences, Guangzhou, China and
was supported by a Sino-British Trust Fund.

References

Authi, K.S., Bokkala, S., Patel, Y., Kakkar, V.V., Munkonge, F., 1993.
Ca2q release from platelet intracellular stores by thapsigargin and

Ž . 2q2,5-di- t-butyl -1,4-benzohydroquinone: relationship to Ca pools
and relavance in platelet activation. Biochem. J. 294, 119–126.

Brune, B., Ullrich, V., 1991. Calcium mobilization in human platelets by
receptor agonists and calcium-ATPase inhibitors. FEBS lett. 284,
1–4.

Chen, Y.Y., Kwan, C.Y., Hui, S.C., 1996. Tetrandrine differentially
inhibits aggregation and ATP release of rat platelets. Acta Pharmacol.
Sin. 17, 97–192.

Dachary-Prigent, J., Pasquet, J.M., Freyssinet, J.M., Nurden, A.T., 1995.
Calcium involvement in aminophospholipid exposure and microparti-
cle formation during platelet activation: A study using Ca2q-ATPase
inhibitors. Biochemistry 34, 11625–11634.

Darby, P., Chan, J., Kwan, C.Y., Daniel, E.E., 1996. Selective inhibition
of oxalate-stimulated Ca2q transport by cyclopiazonic acid and thap-
sigargin in smooth muscle microsomes. Can. J. Physiol. Pharmacol.
74, 182–192.

Deng, H.W., Kwan, C.Y., 1991. Cyclopiazonic acid is a sarcoplasmic
reticulum Ca2q-pump inhibitor of rat aortic muscle. Acta Pharmacol.
Sin. 12, 53–58.

Heemskerk, J.W., Feijge, M.A., Sage, S.O., Walter, U., 1994. Indirect
regulation of Ca2q entry by cAMP-dependent and cGMP-dependent
protein kinases and phospholipase C in rat platelets. Eur. J. Biochem.
223, 543–551.

Huang, S.J., Kwan, C.Y., 1996. Cobra venom cardiotoxin induced aggre-
gation of wahed rat platelets: Dual effects of Ca2q. Res. Commun.
Mol. Pathol Pharmacol. 94, 103–110.

Janczewski, A.M., Lakatta, E.G., 1993. Thapsigargin inhibits Ca2q up-
take, and Ca2q depletes sarcoplasmic reticulum in intact cardiac
myocytes. Am. J. Physiol. 265, H517–H522.

Johnson, P.C., Ware, J.A., Cliveden, P.B., Smith, M., Dvorak, A.M.,
Salzman, E.W., 1985. Measurement of ionized calcium in blood
platelets with the photoprotein aequorin comparison with quin 2. J.
Biol. Chem. 260, 2069–2076.

Kawai, H., Yamamoto, T., Hara, H., Tamao, Y., 1994. Inhibition of
factor Xa-induced platelet aggregation by a selective thrombin in-
hibitor argatroban. Thromb. Res. 74, 185–191.

Kimura, M., Lasker, N., Aviv, A., 1993. Thapsigargin-evoked changes in
human platelet Ca2q, Naq, pH and membrane potential. J. Physiol.
Ž .Lond 464, 1–13.

Leung, Y.M., Kwan, C.Y., Loh, T.T., 1996. Capacitative Ca2q entry in
HL-60 cells: Tetrandrine and SK&F 96365 as probes. Acta Pharma-
col. Sin. 17, 97–101.

Low, A.M., Kwan, C.Y., Daniel, E.E., 1992. Evidence for two types of
internal Ca2q stores in canine mesenteric artery with different refill-
ing mechanism. Am. J. Physiol. 262, H31–H37.

Malcolm, K.C., Fitzpatrick, F.A., 1992. Indirect actions of thapsigargin
on human platelets: Action of eicosanoid biosynthesis and cellular
signaling pathway. J. Pharmacol. Exp. Ther. 260, 1244–1249.

Merritt, J.E., Armstrong, W.P., Benham, C.D., Hallam, T.J., Jacob, R.,
Jaxa-Chamiec, A., Leigh, B.K., McCarthy, S.A., Moores, K.E., Rink,
T.J., 1990. SK&F 96365, a novel inhibitor of receptor-mediated
calcium entry. Biochem. J. 271, 515–522.

Pasyk, E., Inazu, M., Daniel, E.E., 1995. CPA enhances Ca2q entry in
cultured bovine pulmonary artery endothelial cells in an IP -indepen-3

dent manner. Am. J. Physiol. 268, 138–146.
Seidler, N.W., Jona, I., Vegh, M., Martonosi, A., 1989. Cyclopiazonic

acid is a specific inhibitor of the Ca2q-ATPase of sarcoplasmic
reticulum. J. Biol. Chem. 264, 17816–17823.

Shimamoto, H., Shimamoto, Y., Kwan, C.Y., Daniel, E.E., 1992. Role of
sarcoplasmic reticulum in the contractile function of vascular smooth

Ž .muscle as studied by 2,5- tert-butyl -1,4-benzohydroquinone. Biol.
Signal 1, 182–193.

Tao, J., Haynes, D.H., 1992. Action of thapsigargin on the Ca2q-habdling
systems of the human platelet. Incomplete inhibition of the dense
tubular Ca2q uptake, partial inhibition of the Ca2q extrusion pump,
increase in plasma membrane Ca2q permeability, and consequent
elevation of resting cytosolic Ca2q. J. Biol. Chem. 267, 24972–24982.

Yamaguchi, A., Suzuki, H., Tanoue, K., Yamazaki, H., 1986. Simple
method of aequorin loading into platelets using dimethyl sulfoxide.
Thromb. Res. 44, 165–174.


