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Changes of Intracellular Free Calcium Concentration in

Rat Platelets

Gwi-Seo Hwang', Ji-Young Kim®, Tong-Shin Chang’, Sun-Duck Jeon’, Dhong-Su So’ and Chang-Kiu Moon™

"College of Oriental Medicine, Kyung Won University, Seongnam, Korea and “College of Pharmacy, Seoul Na-
tional University, Shilim-Dong, Kwanak-Gu, Seoul 151-742, Korea

(Received September 15, 1998)

Brazilin {7,11b-dihydrobenz{flindenol1,2-dlpyran-3,6a,9,10(6 H)-tetrol} inhibited thrombin-,
collagen- and ADP-induced aggregation of washed rat platelets. Thrombin- and coffagen-
induced ATP release were also inhibited by brazilin in a concentration-dependent manner.
Brazilin inhibited the formation of platelet thromboxane A, caused by thrombin, whereas it
had no effect on the prostaglandin D, formation. Brazilin inhibited [*H]-arachidonic acid
liberation from membrane phospholipids of thrombin-stimulated platelets. Brazilin inhibited
the rise of intracellular free calcium caused by thrombin. These results indicate that the
inhibition of phospholipase (PLA,) activity and [Ca®*]; elevation might be at least a part of
antiplatelet mechanism of brazilin.
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INTRODUCTION

Brazilin, the main component of Sappan wood (Caes-
alpinia sappan L.), has been previously reported to have
hypoglycemic action in experimental diabetic animals
without any significant change in plasma insulin level
(Moon et al., 1993). Additional studies revealed that
brazilin modulated immune functions mainly by aug-
menting T-cell activity in halothane administered mice
{Choi and Moon, 1997a, Choi et al, 1997b) and
decreased the PKC activity in 3T3-L1 fibroblasts and
adipocytes (Kim et al., 1995). Recently we found that
calmodulin and intracellular calcium concentration
may be essential for the stimulating effects of brazilin
on glucose transport (Khil ef al, 1997). In addition to
these various biological activities, brazilin was supposed
to have antithrombotic activities, considering the fact
that Sappan wood has been used as a remedy for
thrombosis in the oriental traditional medicine. From
this reason, the present study was motivated to inve-
stigate the antiplatelet effect of brazilin and its action-
mechanism in the light of the PLA, activity and the
changes of [Ca™]..
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MATERIALS AND METHODS

Materials

Brazilin (Fig. 1) was purchased from the Aldrich
Chemical Co., U.S.A.. Radioimmunoassay (RIA) kits of
thromboxane B, (TXB,), and prostaglandin D, (PGD,)
were purchased from Amersham Co., England. Th-
rombin, propyl gallate, bovine serum albumin (BSA),
dimethyl sulfoxide (DMSO), EDTA, and EGTA were
purchased from the Sigma Chemical Co., US.A.
Collagen, ADP, Triton X-100 and luciferin-luciferase
reagent were purchased from Chrono-Log. Co. U.S.A.
[5, 6, 8,9, 11, 12, 14, 15-*H]-arachidonic acid (AA) (219
Ci/mmol) was purchased from Amersham Co., England.
Sepharose 2B gel was purchased from Pharmacia Fine
Chemical Co., U.S.A. Other reagents were purchased
from Sigma Chemical Co., US.A. They were of the
highest quality available.

Preparation of platelets

Sprague-Dawley female rats (Laboratory Animal Center,
Seoul National University, Seoul, Korea) weighing 200~
250 g were used. Blood was collected from the
abdominal aorta and was anticoagulated with sodium
citrate (3.8%; 1:9, vA). Blood was centrifuged at
120x g for 15 min. The supernatants were pooled and
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Fig. 1. Effects of brazilin on ATP release induced by thrombin
or collagen. Platelets were incubated with brazilin or saline
at for 5 min prior to the addition of thrombin (0.5 U/ml, @), or
coliagen (1 mg/ml, M). The released ATP level was abtained
from luminescence peak using ATP (0.04 uM) 5 min after
the addition of stimulator. The percentage release of ATP
was calculated assuming the value of the control (without
brazilin) to be 100%. Each datum expressed as mean+SEM
(N=6). Key: (* P<0Q.05, and (**) P<0.01 as compared with
the control.

centrifuged at 600x g for 15 min at room temperature.
The platelet pellets were washed with modified Tyrode-
HEPES buffer (129 mM NaCl, 2.8 mM KCI, 8.9 mM
NaHCO,, 0.8 mM MgCl,, 6.8 mM KH,PO,, 2 mM
EGTA, 5.6 mM glucose, 10 mM HEPES, 0.35% BSA, pH
7.4) and were centrifuged at 600X g for 15 min. This
washing procedure was repeated twice and platelets
were gently resuspended in Tyrode-HEPES buffer (129
mM NaCl, 2.8 mM KCl, 8.9 mM NaHCO,, 0.8 mM
MgCl,, 0.8 mM KH,PO,, 1T mM CaCl, 5.6 mM glucose,
10 mM HEPES, 0.35% BSA, pH 7.4). Platelet counts
were determined with a Coulter Counter model ZM
(Coulter Electronics, Hialeah, FL).

Platelet aggregation and ATP release assay

Platelet aggregation studies were conducted according
to the turbidimetric method (Mustard et al., 1972). ATP
released from platelets was detected by the biolum-
inescence method (Deluca and McElroy, 1978). Both
aggregation and ATP release were measured simul-
taneously in a Lumi-aggregometer (Mode! 450, Chrono-
Log Co.) connected to dual channel recorder. Platelet
preparations were stirred at 12,000 jpm. 0.04 uM ATP
was used to calibrate the amount of ATP released from
platelets.

TXB, and PGD, assay

EDTA (2 mM) and indomethacin (50 pM) were added
to platelet suspension 5 min after the addition of the
agonist. TXB, and PGD, in the supernatants were
obtained after centrifugation in an Eppendorf centrifuge
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(Model 5413) for 2 min and assayed by RIA.

Measurement of [’HIAA release from platelets

The liberated ['HJAA was determined according to
the method of Smith et al. (Smith et af, 1985). Platelet-
rich plasma (PRP) was incubated for 2 hrs with 12.5
pCi of (5,6,8,9,11,1 2,14,15°HI-AA (219 Ci/mmol). After
labelling, platelets were diluted to 6 vol. of platelet poor
plasma, centrifuged at 800X g for 15 min, and resuspend-
ed in the buffer (138 mM NaCl, 2.9 mM KCI, 20 mM
HEPES, 3.3 mM NaH,PO,, 1.0 mM MgCl,, 1.0 mM
Glucose, 20 mM EDTA, pH 7.4). This washing pro-
cedure was repeated and the platelets were finally
resuspended in buffer without EDTA. Aliquots (0.5 ml)
of platelets were preincubated for 1 min with propyl
gallate, a cyclooxygenase/lipoxygenase dual inhibitor.
Brazilin or buffer was added before stimulation with
thrombin (1 U/ml). Samples were taken after 5 min for
the determination of liberated AA. For lipid extraction,
EDTA was added (pH 7.4, 20 mM final concentration)
plus 1 drop of formic acid (90%, w/v) and 3.75 vol. of
ice-cold chloroform/methanol (1:2, v/v). The extract
was partitioned into two phases by addition of 1.25
vol. of chloroform and 1.25 vol. of 2 M KCL. The lower
phase was removed and the upper phase was washed
with 2.5 vol. of chloroform. The poocled organic extracts
were evaporated under nitrogen at 37°C and stored
in chloroform/methanot at -18°C. All of the organic
solvents contained butylated hydroxytoluene (50 pg/
ml) as an antioxidant. Radioactive AA was resolved by
thin layer chromatography on silica-gel plates (Merck,
Darmstadt) using the upper phase of the solvent system
ethylacetate/iso-octane/acetic acid/water (90:50:20:
100, v/v). Appropriate zone corresponding to AA was
scraped into counting vials and the radioactivity deter-
mined using toluene based cocktail.

[Ca®*], measurement in aequorin-foaded platelets
q p

Rat platelets were loaded with aequorin according
to the method of Johnson er al. (Johnson et 2/, 1985).
In brief, 1 uM PGE, was added to 15 ml PRP. After
centrifugation, the platelets were resuspended in HEPES-
Tyrode's buffer containing 10 mM EGTA and PGE, 1
UM. After centrifugation, the platelets were resuspended
in solution A (150 mM NaCl, 5 mM Hepes, 5 mM ATP,
2 mM MgCl,, 10 mM EGTA, PGE, 1 uM, aequorin 0.2
mg/mi). This suspension was incubated at 0°C for 1 hr,
and then recentrifuged. The platelets were resuspend-
ed in solution B (150 mM NaCl, 5 mM Hepes, 5 mM
ATP, 10 mM MgCl,, 0.1 mM EGTA, PGE' 1 pM) and
were reincubated for 1 hr. CaCl, was added to the
suspension (300 uM, final concentration); the platelets
were rewarmed at room temperature and then passed
through a column of Sepharose 2B equilibrated and
eluted with Hepes-Tyrode's buffer containing 1 mM
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Ca®. The platelet count was then adjusted to 2x 10%/
ml with the same buffer. The aequorin response and
aggregation were simultaneously monitored with Platelet
lonized Calcium Aggregometer (Chrono-Log Co.). [Ca®];
was measured according to Johnson et al, Johnson et
al, 1985).

Statistical analysis

The data shown are the mean=S.E.M. Significance
of difference was calculated by Student's t-test. (P<
0.05 or P<0.01).

RESULTS AND DISCUSSION

Thrombin (0.5 U/ml), collagen (1 mg/ml) and ADP
(2 uM) caused 75-85% aggregation of washed rat
platelets. Brazilin showed antiplatelet effects at higher
concentrations (10™* M~10"> M), which might be almost
impossible to be displayed in vivo (Table I). But brazilin
was found to inhibit the thrombosis induced by agonists
in vivo at the dose of 10 mg/kg. To understand the
difference between the effects of in vivo and in vitro
experiments, our first trial was directed to examine the
antiplatelet mechanism in vitro. Brazilin was examined
on its effects on thrombin- and collagen-induced ATP
release and the ATP release was significantly inhibited
(Fig. 1). It is well known that dense granular release
from platelets mediates irreversible platelet aggregation,
since dense granules contain several mediators of
platelet aggregation such as ADP, ATP and calcium.

TXA, is an important mediator of granule release
reaction and aggregation of platelets (Hornby and
Skidmore, 1982). TXA, formation by stimulated platelets
represents an potent amplifying signal for platelet acti-
vation (FitzGerald, 1991). To investigate the effect of
brazilin on TXA, synthesis in stimulated platelets, we

Table I. Effects of brazilin on thrombin-, collagen or ADP-in-
duced aggregation of washed rat platelets

Aggregation (%)

Thrombin Collagen ADP
0.5 U/ml) (1 mg/ml) (2 pM)
Contro! 68.7+4.2  65.0+3.2  48.51+45
Brazilin, 107°M  60.0+3.1 65.0+3.8
107°M  47.5+35% 59.0+2.8
107°M  13.74+45%* 19.0+3.3** 85 + 1.8**

Platelets were incubated with brazilin or saline at 37°C for 5
min; thrombin (0.5 U/ml), collagen (1 mg/ml), or ADP (2 um)
was then added to trigger aggregation. The peak level of aggre-
gation was measured 5 min after the addition of stimulator.
Percent inhibitions produced by brazilin were calculated
from the reduction of the maximal level of the aggregation
tracings in relation to the values obtained in the absence of
brazilin. Each datum is expressed as the mean+SEM (N=7).

*, **Significantly different from the control: *p<0.05, and **p
<0.01.
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Table 1. Effects of brazilin on thromboxane B2 formation in
washed rat platelets caused by thrombin or collagen

Thromboxane B, (ng/3x 10° platelets)
Thrombin (0.5 U/ml) Collagen (0.1 mg/ml)

Control 69.87+5.73 36.42+3.99
Brazilin, 107° M 67.35+6.42 31.38+3.02
10°*M 57.54+4.34% 30.24+3.21*
10°M 39.51+4.77* 22.9242.22%*

Saline (control) or brazilin was preincubated with platelets at
37°C for 5 min; then the inducer was added. TXB, formation
was terminated by EDTA (2 mM) and indomethacin (50 M)
5 min after the addition of inducer. Values are presented as
mean+SEM (N=6).

*, *x Significantly different from the control: *p<0.05, and **p<
0.01.

measured the formation of TXB,, the stable metabolite
of TXA,, by RIA. TXB, level of resting platelets was
less than 0.5 ng/3x 10° platelets. Thrombin (0.5 U/ml)
and collagen (0.1 mg/ml) caused the marked elevation
of TXB, formation. As shown in Table I, brazilin
significantly inhibited thrombin- and collagen-induced
TXB, formation at the concentration where it inhibited
platelet aggregation and granule release. These results
indicate that the antiplatelet effect of brazilin was due,
at least partly, to the inhibition of TXA, formation.
Levels of TXA, are increased in several thrombotic
disorders (FitzGerald et al, 1987). Therefore, agents
that inhibit the formation of TXA, would be greatly
useful in treatment of thrombotic disorders.

TXA, is produced from AA cleaved from the sn-2-
position of phospholipids through the activity of PLA,
in stimulated platelets. AA is metabolized by cyclooxy-
genase (COX) to PG endoperoxide intermediates, such
as PGG, and PGH,. In platelets, endoperoxides are
further metabolized to TXA, by TXA, synthase. Under
normal conditions, minor amounts of PGE,, PGD, and
PGF,, are also produced in stimulated platelets (Gresele
et al., 1991). Since a selective TXA, synthase inhibitors,
in addition to suppressing the formation of TXA, selecti-
vely, cause a redirection of PG endoperoxide meta-
bolism toward other PGs, such as PGD,, PGE,, PGF,,
in platelets (Gresele et al, 1991). If the inhibition of
TXA, synthase activity is a critical step for the inhibitory
effect of brazilin on TXA, synthesis, brazilin could
increase the formation of PGD, in stimulated platelets.
To test this possibility, we examined the effect of
brazilin on the PGD, formation in stimulated platelets.
The PGD, level of resting platelets was less than 0.07
ng/3x 10° platelets. PGD, formation was increased by
thrombin (0.5 U/ml) and collagen (0.1 mg/ml). This
PGD, formation was significantly inhibited by brazilin
(Table 111). This indicates that the site of action of
brazilin may be upstream from TXA, synthase step.

Since the intracellular concentration of free AA is
low, the liberation of AA by PLA, is thought to be
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Table Ill. Effects of brazilin on prostaglandin D, formation
in washed rat platelets caused by thrombin or collagen

Prostaglandin D, (pg/3x 10° platelets)
Thrombin (0.5 U/ml) Collagen (0.1 mg/mi)

Control 6.95+0.50 4.17+0.80

Brazilin, 107" M 6.45+0.53 3.96+0.88
107°M  4.44+1.30% 3.39+0.65*
107° M 1.69+0.48%* 1.83+0.74**

Saline (control) or brazilin was preincubated with platelets at
37°C for 5 min; then the inducer was added. PGD, formation
was terminated by EDTA (2 mM) and indomethacin (50 uM)
5 min after the addition of inducer. Values are presented as
mean £5EM (N=6).

*, **Gignificantly different from the control: *p<0.05, and **p
<0.01.

rate-limiting step in the formation of TXA, in platelets
(Loeb and Gross, 1986). We, therefore, examined the
effect of brazilin on AA liberation from plasma mem-
brane phospholipid. ’H]AA-labelled platelets were pre-
incubated with propy] gallate, a dual inhibitor of COX/
LPO, and then brazilin was added before stimulation
with thrombin (1 U/ml). As shown in Fig. 2, in response
to thrombin, the PHIAA release was increased from
rat platelets by the action of PLA,. Brazilin attenuated
thrombin-induced augmentation of [’H]JAA liberation
at two concentrations of 107> M and 107* M. 107 M
of brazilin normalized the production of AA nearly to
the resting level. Therefore, brazilin inhibited the PLA,
enzymatic activity in the concentration ranges where
it inhibited the TXA, production in stimulated platelets
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Fig. 2. Effect of brazilin on the release of PHJAA from rat
platelets induced by thrombin. PH]AA-labeled platelets were
treated with propyl gallate for 1 min to inhibit cyclooxygenase
and lipoxygenase. Saline (O, W) or brazilin (107> M, &; 10™*
M, §; 107° M, B) was added 5 min prior to addition of
saline () or thrombin (0.5 U/mi; B, &, S, B). The data are
presented as the percentage of the total *H radioactivity in-
corporated into the platelet after subtraction of the radioactivity
released from unstimulated platelets. Each datum expressed as
mean+SEM (N=6). Key: *p<0.05 and, **p<0.01 as compared
with the control.
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significantly. This result suggests that the antiplatelet
effects of brazilin is related to PLA, activity.

Blood platelets contain both secretory PLA, and cyto-
solic PLA,, which are very different enzymes, distin-
guished by their molecular weights of 14 and 85 kDa.,
respectively (Mounier et al, 1993). The characteristics
of cytosolic PLA,, such as requirement for micromolar
concentrations of Ca** for its activity, cytosolic locali-
zation, and specificity for phospholipids containing
AA in the sn-2 position, are compatible with a role in
AA liberation (Kim et al, 1991, Takayama et al/,
1991). On the other hand, secretory PLA, appears not
to be involved in AA liberation during platelet
activation (Mounier et al., 1993).

To investigate whether the inhibitory effect of brazilin
on PLA, activity is related to cytosolic free calcium
concentration, we examined the effect of brazilin on
the rise of [Ca®™]; in stimulated platelets. In aequorin-
loaded platelets, brazilin inhibited the rise of {Ca’'};
caused by thrombin (Fig. 3). The cytosolic PLA, is
regulated by intracellular free calcium, which induces
translocation to membranes (Clark et al,, 1991) through
a Ca**-dependent lipid-binding motif in its N terminus
(Nalefski et al., 1994).

We measured [Ca®™]; in resting platelets using the
photoprotein aequorin (4 pM, Fig. 3). Aequorin is a
protein, found in jellyfish, which emits blue light when
it binds Ca®. It is thought to reflect the changes in the
concentration of Ca®* area directory under the plasma
membrane and is thus easily affected by the extracellular
Ca® influx (Alarayyed et a/, 1997, Kondo et al, 1991).

12 —

[Ca™], (uM)

Resting Control Brazilin

Fig. 3. Effect of brazilin on the increase of [Ca®™]; induced
by thrombin in aequorin-loaded platelets. Aequorin-loaded
platelets were suspended in a buffer containing T mM CaCl,,
and the change in [Ca®], was monitored continuously. Platelets
were preincubated with saline (7, M) or brazilin (107° M, &;
107°M, §; 107 M, @) at 37°C for 5 min; then saline (J) or
thrombin (0.5 U/ml; B, @&, N, ®). was added. The value of
[Ca®™); was calculated from the calibration curve as suggested
by the manufacturer. Each datum expressed as mean-+ SEM
{N=5). Key: **p<0.01 as compared with the control.
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Using aequorin, a Ca”* level in resting platelets of 2
to 4 uM has been measured (Johnson et al, 1985).
Therefore, the changes of [Ca®™]; level in brazilin-
treated platelets represent the inhibition of the influx
of Ca** from extracellular space.

The data obtained hitherto suggest that the inhibition
of PLA, activity via the suppression of [Ca’™); elevation
might be at least a part of antiplatelet mechanism of
brazilin.
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