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Inhibitory effect of Ginkgo biloba extract on human
platelet aggregation

Asim K. Dutta-Roy, Margaret J. Gordon, Collete Kelly, Kirsty Hunter,
Lynn Crosbie, Tamsin Knight-Carpentar, Brent C. Williams

The effect of pure flavonoids and Gingko biloba extract (GBE) on human platelet aggregation was investigated.
Most of the flavonoids and vitamin E did not affect platelet aggregation in platelet-rich plasma (PRP); however
some of these flavonoids inhibited platelet aggregation in gel-filtered platelets (GFP). GBE inhibited both ADP-
and collagen-induced platelet aggregation in PRP, GFP and in whole blood in a dose-dependent manner. GBE
at very low concentrations inhibited whole blood aggregation induced by ADP compared with those used for
PRP or GFP. Flavonoids and GBE decreased the production of TxA, induced by collagen and ADP in PRP.
However, no correlation was observed between the inhibition of platelet aggregation and the decrease of TxA,
synthesis. GBE and flavonoids did not affect platelet membrane fluidity. However, the incubation of PRP with
GBE increased cAMP levels in platelets, which is known to inhibit platelet activation by lowering intracellular
Ca®* levels. GBE is a mixture of many compounds, including flavonoids and gingkoglides, which affect
metabolism of cAMP, TxA” and Ca** in platelets. It is effective in the inhibition of platelet aggregation, both in
PRP and whole blood, and thus may be potentially used as an effective oral anti-platelet therapeutic agent.
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Introduction

Platelet aggregation is fundamental to a wide range of
physiological and pathological processes, including
thrombosis and arteriosclerosis.'~* Platelet aggregation is
induced by various agents such as ADP, collagen, epi-
nephrine, Von Willebrand factor, platelet-activating factor
(PAF) and thrombin.>** The aggregation of platelets by
these agonists is mediated, in part, through the intracel-
lular formation of prostaglandin G,, prostaglandin H, and
thromboxane A, (TXA,) from arachidonic acid, 20:4n-6
(AA).'? The activation of platelets leads ultimately to
Ca”* release through the inositol triphosphate (IP5) path-
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way, resulting in AA release, secretion of many factors
and expression of several surface receptors, e.g., fibrino-
gen receptor (GPIIb/GPIIa).> Conversely, inhibition of
platelet aggregation is mediated by several anti-aggregat-
ing agents, such as prostacyclin (PGI,), prostaglandin
(PG) E,, PGD,, adenosine, and nitric oxide (NO).'7*7
The intravascular release of PGI, and NO under normal
arterial flow conditions inhibit platelet adhesion and
aggregation by increasing cyclic AMP (cAMP) and cyclic
GMP levels, respectively.3 PGI,, an AA metabolite of
endothelial cells, is the most potent inhibitor of platelet
aggregation.® PG-induced inhibition of platelet aggrega-
tion is mediated through an increase of cAMP synthesis
due to the activation of adenylate cyclase.’”"* Activation
of adenylate cyclase is initiated by binding of PGI, or
PGE,; through specific platelet surface receptors.®®~'°
cAMP level in platelets may also be increased by inhibit-
ing cAMP phosphodiesterase activity.’

Hyperactivity of platelets, and their adhesion and
aggregation at the site of the injury in atherosclerotic
vessel walls, is critically important in the pathogenesis of
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cardiovascular disease.'™* In support of the pathophysio-
logical role of platelets, it has been found that platelet
inhibitory drugs, such as aspirin, reduce the incidence of
myocardial infarction, stroke and death from cardiovas-
cular disease in secondary prevention trials."' Given the
high incidence of cardiovascular disease in developed
countries, there is a great need for other anti-platelet
drugs which do not increase bleeding time (a problem
associated with glycoprotein IIb/Illa antagonists®'?),
and circumvent the gastric problems associated with
aspirin. This concept has stimulated research into the
prevention of platelet hyperactivity by dietary supple-
ments. Natural compounds were the first historical
source of anti-thrombotic compounds (heparin, vitamin
K antagonists, streptokinase, urokinase). Flavonoids are
inhibitors of cyclic nucleotide phosphodiesterase and
TxA, synthesis, two of the main mechanisms for the
inhibition of aggregation of blood platelets. Some of
these compounds could represent templates for the
development of new inhibitors of platelet activation.

The extract of Gingko biloba, a plant used in Chinese
traditional medicine for several thousands years, is
thought to be beneficial in the treatment of peripheral
and cerebral vascular insufficiency, age-associated cere-
bral impairment, hypoxic or ischaemic syndromes.'*'*
Although complete analyses have not been conducted,
laboratory studies have found that the standardised
alcoholic extract of the Gingko biloba leaves (EGb 761)
contains a great variety of apolar and polar compounds,
such as long chain hydrocarbons and derivatives, acyclic
acids and cyclic compounds, carbohydrates and deriva-
tives, isoprenoids (sterols, terprenoids) and various
compounds including (Z,2)-4,4'-(1,4-pentadiene-
1,5-diyl)diphenol, 6-hydroxykynurenic acid, cytokinins,
[B-lectins, carotenoids and number of flavonol and
flavonol glycosides.'? The extract also contains a group
of unique, closely related, bitter, 20-carbon diterprene
lactone derivatives known as ginkgoglides A, B, C and
M. In addition, a similar 15-carbon sesquiterpene,
designated bilobalide, is also present together with
6-hydoxybenzoic acid.'* Much research has focused on
the free radical scavenging activity of the Gingko biloba
extract, EGb 761, the potential benefits of which could
be numerous."” '’ A very small body of conflicting data
has revealed an inhibitory effect of EGb 761 on platelet
aggregation, ' 20!

The aim of this study, therefore, was to investigate the
effect of Gingko biloba extract (GBE) on human platelet
aggregation. Since GBE also contains flavonoids, it was
also important to compare the anti-platelet properties of
GBE with pure flavonoids such as catechin, myricetin,
querecetin, apigenin, and morin. Flavonoids have been
reported to exhibit a wide range of biological effects,
including anti-inflammatory, anti-allergic, vasodilatory
and anti-platelet actions.’*?* Although exact mecha-
nisms are not yet established, more evidence is emerging
to suggest that flavonoids exert these effects as anti-
oxidants, free radical scavengers and chelators of
divalent cations,?>** but their role in platelet function is
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not well characterised. We report in this paper that GBE
is an effective anti-platelet regime as the extract contains
various compounds which affect different activation
pathways in platelets.

Materials and methods
Subjects

Healthy volunteers (n=35) took part in the study. All
volunteers were non-smokers and abstained from medi-
cations for at least 14 days before the study. Volunteers
fasted overnight before blood donation. The study was
approved by the Joint Ethical Committee of the Gram-
pian Health Board and the University of Aberdeen.

Materials

The TxB, assay kit and Amprep C-2 columns were
obtained from Amersham (UK). Collagen, ADP and
arachidonic acid were obtained from Helena Lab. (USA).
Serum albumin (fat free), isobutyl-methylxanthine
(IBMX), charcoal, and dextran T70 were obtained from
Sigma (Poole, UK). Catechin, morin, myricetin, apigenin,
and querecetin were obtained from Aldrich Chemical Co.
a-Tocopherol was kindly supplied by Henkel (USA).
GBE was kindly supplied by Indena SpA (Italy). All other
reagents used were of analytical-grade quality.

Preparation of flavonoids

GBE was used as a suspension in phosphate-buffered
saline (PBS), whereas pure catechin, morin, and myr-
icetin were dissolved in ethanol (100% or 25%, as
appropriate). In all experiments they were prepared
fresh each day. Final concentrations of each flavonoid
remained the same in all cases. Final concentrations of
ethanol or DMSO did not exceed 0.13% in the platelet
suspension.

Preparation of platelets and aggregation studies

Venous blood was collected through siliconised needles
into plastic syringes: coagulation was prevented by
mixing 9 vol of blood with 1 vol sodium citrate (final
concentration, 13 mM). Platelet-rich plasma (PRP) was
obtained by centrifugation of blood for 10 min at 180 xg.
Platelet counts were performed in a Coulter cell Counter
and the platelet numbers in PRP was adjusted to
2-3%10% cells/ml. Gel-filtered platelets (GFP) were
prepared from PRP using a Sepharose 4B column as
previously described.” Platelet aggregation was mon-
itored on a Packs-4 aggregometer (Helena Lab.) at a
constant stirring speed of 1000 rpm at 37°C. PRP or GFP
were incubated with flavonoids or GBE for different
times, and then platelet aggregation was induced by
adding ADP, collagen or AA. Control samples were
incubated with vehicle alone. Platelet aggregation was
performed within 1.5 h after the blood was taken.
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Whole blood aggregation

Blood was taken from healthy subjects and mixed with
sodium citrate, as described in the previous section. The
blood was then incubated at 37°C in a water bath during
the course of the experiment. A Chronolog whole blood
aggregometer was used for these experiments. Typically,
500l of blood were pipetted into plastic tubes. To
achieve a final volume of 1 ml, 400 u1 of PBS and 100 pnl
of saline or GBE in solution were added and incubated
for 1min before addition of 5ul of 1mM ADP.
Concentrations of GBE used were 0.5, 1.0, 2.0 and
4.0 mg/ml (final concentration). The average of several
control aggregations and of the inhibition of aggregation
by the different concentrations of GBE was determined
so that the percentage inhibition could be calculated.

Thromboxane B, (TxB,) assay

TxB,, the breakdown product of TxA,, was estimated
using a TxB, assay kit, as described before.”* Briefly, at
the end of the platelet aggregation experiment, 400 pl
plasma were acidified to pH 3 and then applied to an
Amprep C-2 column. The TxB, was eluted using
methylformate and then assayed according to the manu-
facturer’s instructions.

Cyclic nucleotide assay

cAMP and cGMP were measured in PRP as previously
described.?® PRP aliquots (890 nl) were incubated with
GBE (0, 0.125, 0.25, 1.0 and 2.0 mg/ml) for 4.5 min in
the presence and absence of IBMX (a phosphodiesterase
inhibitor). At 4.5 min, ethanol was added to the plasma at
aratio of 2:1, and after vortexing for approximately 10,
it was kept at 4°C for 15 min. Subsequently, the samples
were centrifuged at 1500xg for 15min at 4°C, the
supernatant was dried down under air at 55°C, recon-
stituted in assay buffer (0.55M acetate, pH 4.8 contain-
ing 0.1% gelatin), and frozen at —20°C until assayed.

Determination of platelet membrane microviscosity

Platelet membrane fluorescence polarisation was deter-
mined according to Dutta-Roy er al.*® Typically, 50 ug
platelet membrane protein in 50 mM Tris—HCI buffer, pH
7.4, containing SmM MgCI2, were labelled with a
fluorescence probe by incubating an equal volume of a
2 uM 1,6-diphenyl-1,3,5-hexatriene (DPH) dispersion in
the same buffer for 1h at 23°C. The steady-state
fluorescence polarisation was measured in a Perkin-Elmer
luminescence spectrophotometer (LS-SB) fitted with a
polariser accessory. Excitation and emission wavelengths
were 358 and 430nm, respectively. Excitation and
emission slits were 5 nm. The steady-state fluorescence
polarisation, P, was calculated from Eq. (1):
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where Iyy and Iyy are the fluorescence intensities
recorded with the analysing polariser oriented, respec-
tively, parallel and normal to the vertically oriented of
the polarised excitation beam. G is the grating correction
factor. Iy and Iy and are the fluorescence intensities
determined with the emission polariser vertically and
horizontally when the excitation polariser was set in the
horizontal position. Light scattering errors were mini-
mised by assuring that measured anisotropies were
concentration independent. The steady-state fluorescence
anisotropy (ry) was obtained from Eq. (2).
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The effect of various flavonoids on the steady-state
fluorescence anisotropy was determined by incubating
DPH-labelled platelet membranes with the correspond-
ing flavonoids or GBE for 30min at 37°C. The
fluorescence background of a blank sample (unlabelled
membranes) never exceeded 15% of the fluorescence
signal of membranes labelled with DPH.

Determination of plasma levels of vitamins C and E

Plasma levels of vitamin E were determined according to
Belizzi et al.”’ and plasma vitamin C levels were
determined according to Ross.*®

Statistical analysis

Results are presented as the mean+SEM. Results were
analysed by the Student’s ¢-test. Values for amplitude of
platelet aggregation in the presence of different concen-
trations of flavonoids and Gingko biloba extracts were
plotted and regression analyses were evaluated by a
computer assisted programme. Other statistical analyses
were performed using ANOVA where appropriate,
values were considered to be significantly different when
P<0.05.

Results
Effects of flavonoids on platelet aggregation

Firstly, we examined the effects of pure flavonoids on
human platelet aggregation in PRP and GFP. Maximum
amplitude of aggregation of platelets was obtained with
the following concentrations of aggregating agents,
10pM ADP and 1pg/ml of collagen. The inhibitory
effects of myricetin, morin and catechin on platelet
aggregation were evaluated using different incubation
times (10—-30min). Though the effects of each of the
flavonoids did not appear to be time dependent, i.e., there
was no significant difference between pre-incubations of
10 or 30 min, maximal inhibition of platelet aggregation
was produced within 15min. As it was difficult to
prepare suspensions of flavonoids being investigated in
buffer, experiments were carried out using ethanol or
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Table 1. Percentage inhibition of platelet aggregation in PRP by
various flavonoids

Flavonoids Final % Inhibition (mean+SEM)
concen-
trations Collagen ADP Arachidonic
(M) (1 pg/ml)  (10pM) acid
(500 pg/ml)
Catechin 420 4.312.6 0 5.1£2.3
Morin 420 0 0 3.241.2
Querecetin 40 0 0 0
Myricetin 420 5.0£2.0 20.8+13 75+15*
Apigenin 420 0 0 0
a-Tocopherol 420 1.5+1.0 6.0+1.2 0

Experiments were performed as described in the Methods
section. Each experiment was done in triplicate (n=12 individ-
uals). Results are expressed as Mean+SEM.

*P<0.05 as compared with the solvent-treated controls.

DMSO as the solvent (final concentration <0.13%).
DMSO or ethanol at 0.13% concentration did not affect
platelet aggregation in response to ADP or collagen
compared with the untreated platelets. Table 1 shows the
percentage inhibition of platelet aggregation by various
flavonoids on PRP. Apigenin, a.-tocopherol, querecetin
and morin did not affect platelet aggregation induced by
collagen, ADP or arachidonic acid. These three agonists
are known to activate platelets via different mecha-
nisms.? Conversely, catechin (4.3+2.6%) and myricetin
(20.8+13.2%) had marginal effects on aggregation
induced by collagen and ADP, respectively. Table 2
shows the percentage inhibition of four flavonoids,
catechin, myricetin, morin and querecetin, on washed
platelets. In contrast to PRP, aggregation of GFP was
significantly inhibited by these flavonoids, except for
apigenin and o-tocopherol. The concentrations of these
flavonoids required to inhibit platelet aggregation by
50% (ICsp) in GFP induced by collagen were deter-
mined. The ICsy value for myricetin was 57+6 uM,
whereas for morin and catechin the values were con-
siderably higher, 323+78 and 591+65 uM, respectively.

Table 2. Percentage inhibition of platelet aggregation in
washed platelets by various flavonoids

Flavonoids Final % Inhibition
concentration (mean=SEM)
(nM)
Collagen Thrombin
(1 pg/ml) (1.5 U/ml)
Catechin 420 63.9+7.2* 0
Morin 420 85.1+3.0* 0
Myricetin 100 79.5+5.1* 6.5+2.5
Querecetin 40 32.5+12.5*
Apigenin 420 0 0
a-Tocopherol 420 0 0

Experiments were performed as described in the Methods
section. GFP were prepared as described.” Each experiment
was done in triplicate (n=15 individuals). Results are expressed
as MeantSEM. *P<0.02; **P<0.05 compared with the solvent-
treated controls.
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Addition of platelet-poor plasma (PPP) to GFP decreased
the inhibitory effects of flavonoids considerably (data
not shown), indicating that plasma proteins probably
reduced the inhibitory effects of flavonoids, possibly
through binding to these molecules. Though the fla-
vonoids tested were capable of inhibiting aggregation
with collagen as the agonist, they were inactive when
thrombin was used as the agonist.

It is possible that the plasma levels of vitamins E and
C could affect the anti-platelet action of flavonoids.
Therefore, the plasma levels of vitamins C and E of these
subjects were determined, and in all cases they were
found to be within the normal range (for vitamin C,
29.2+2 uM, and for vitamin E, 8.5+1.2 p g/ml).

Effect of GBE on platelet aggregation in PRP

Figure 1 shows the effect of incubation with GBE for
15min at 2 and 4 mg/ml on platelet aggregation respon-
ses to ADP at concentrations of 0, 0.25, 1, 10 and 16 u M.
The greatest inhibition (78.9+3.9%), was seen at the
higher dose of GBE, 4 mg/ml, when platelets were
stimulated with 1 uM ADP. The lower dose of ADP did
not significantly stimulate the primary aggregation wave;
however, significant inhibition with GBE can be
observed at the higher concentrations of ADP. At 10 pM
ADP concentration, which stimulated secondary aggre-
gation, GBE at 4 mg/ml inhibited platelet aggregation by
almost 42% compared with the control. At the highest
dose of ADP (16 uM), the inhibition by GBE was less
marked but was still significant (15.1£3.9% at 2 mg/ml
GBE, P=0.002, and 19.9+3.8% inhibition at 4 mg/ml
GBE, P=0.0003). GBE at 4 mg/ml concentrations under
identical conditions inhibited collagen (1 p g/ml)-induced
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Figure 1. Effect of GBE on ADP-induced platelet aggregation in

PRP. PRP was prepared as described in the Methods section.
PRP was then incubated with GBE for 15 min before ADP (0,
0.25, 1, 10, and 16 upM)-induced aggregation was initiated.
**P<0.01, ***P<0.001, paired ttest (n=9).
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Figure 2. Effect of GBE on collagen induced-platelet aggrega-
tion. PRP was incubated with 2mg/ml GBE for 4.5min before
collagen (0, 0.25, 0.5 and 1png/ml)-induced aggregation was
initiated. *P<0.05, paired t-test (n=4).

platelet aggregation by 82% compared with control (n=4,
P=0.001). Although 15 min incubation of GBE at 4 mg/
ml with PRP was found to induce maximum inhibition of
platelet aggregation induced by ADP or collagen, 4.5 min
incubation with GBE at 2mg/ml was found to be
optimal. Figure 2 shows that GBE at 2 mg/ml inhibited
collagen (0, 0.25, 0.5 and 1pg/ml)-induced platelet
aggregation. Inhibition was seen throughout the whole
dose—response curve, the most significant inhibition of
aggregation being at 0.5 pg/ml collagen (91.1+2.4%,
P=0.044). The percentage inhibition of collagen
induced-platelet aggregation appears higher than the
inhibition of ADP-induced platelet aggregation through-
out the dose—response curve. Like flavonoids, GBE did
not inhibit AA-induced platelet aggregation; however,
GBE was also equally effective in inhibiting platelet
aggregation in GFP (data not shown).

Whole blood aggregation

A representative trace showing the effect of GBE on
ADP-induced platelet aggregation in whole blood is
shown in Figure 3. GBE inhibited ADP-induced aggre-
gation in a concentration-dependent manner, reaching
100% inhibition with a 4 mg/ml dose. At 2mg/ml of
GBE, the inhibition of aggregation was much higher
(82.6+£8.5%) in the whole blood than that seen in PRP
with ADP (5 uM) at a similar concentration (36.7+9.3%,
P<0.002). Maximal aggregation of whole blood in
response to SuM of ADP was reached within 6 min of
incubation (data not shown).

Effect of GBE on cyclic nucleotide synthesis

Cyclic AMP levels in platelets were determined after
treating these cells with GBE at 0, 0.125, 0.25, 0.5, 1 and
2 mg/ml in PRP (in the absence and presence of IBMX)
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Figure 3. Effect of different of GBE on ADP-induced platelet
aggregation in whole blood. Whole blood was incubated with
GBE (0.5, 1, 2 and 4 mg/ml) for 4.5 min. before ADP (5 M) was
added to initiate aggregation (n=4).

for 4.5 min (Figure 4). A dose-dependent increase in
cAMP levels in response to GBE was observed; the
cAMP level, which was 6.1 nM in the presence of IBMX,
and in the absence of GBE, increased to 12.5nM in the
presence of 0.5 mg/ml GBE with IBMX (P<0.002, n=4).
However the ¢cGMP level which was 4.95+0.25nM
remained essentially the same (5.0+0.36nM, P>0.5,
n=4) in the presence of GBE (up to 2 mg/ml).

Effect of flavonoids and GBE on TxA, synthesis

To determine whether the inhibitory effect of GBE on
platelet aggregation was due to the reduced synthesis of
TxA,, levels of TxB,, the stable breakdown product of
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Figure 4. Effect of GBE on platelet cAMP levels In the presence
and absence of IBMX. PRP was incubated with in the presence
of IBMX with GBE at different concentrations (0.125, 0.25, 1,
2mg/ml) for 4.5mill. cyclic AMP levels were then measured as
described in the Methods section (n=4). —IBMX (-0-), +IBMX
(—@-).
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TxA,, were measured in washed platelets in the presence
and absence of pure flavonoids. TxB, levels in collagen-
stimulated washed platelets were markedly elevated
above basal levels. Incubation of washed platelets with
these flavonoids inhibited TxB, production induced by
collagen to different degrees. Catechin was the least
effective in inhibiting TxB, production by 48%, whereas
morin and myricetin inhibited TxB, production by 65
and 95%, respectively, compared with controls (Table 3).
The inhibition of platelet aggregation in washed platelets
by the flavonoids was associated with reduced TxA,
production. Incubation of PRP with GBE inhibited TxA,
synthesis in the presence of both collagen and ADP,
whereas it did not significantly affect AA-induced TxA,
synthesis. At 4 mg/ml, GBE inhibited 26 and 40% of
TXA, synthesis induced by ADP and collagen, respec-
tively, whereas at 2 mg/ml GBE the reduction in TxA,
was 18% with collagen and 17% with ADP. AA-induced
TxA, synthesis was inhibited by only 5-10% even at the
highest concentrations of GBE.

Membrane fluidity

To determine whether the modification of platelet
membrane properties by the flavonoids or GBE was
associated with the inhibition of platelet aggregation,
membrane anisotropy of platelets was measured in the
presence of flavonoids or GBE using 1,6-diphenyl-
1,3,5-hexatriene as a fluorescence probe. There were no
significant changes observed in the fluorescence aniso-
tropy of membranes treated either with flavonoids,
a-tocopherol or GBE compared with that of control
membranes (0.225+0.005) (Table 4).

Discussion

Flavonoids have been reported to exert their anti-platelet
action through cAMP phosphodiesterase activ-
ity.'*22232% However, o-tocopherol, the major lipid
soluble antioxidant with vitamin properties present in

Table 3. Inhibition of TxB, production by flavonoids
Flavonoid Final TxB. % Platelet
concentration formation aggregation
(M) (ng/ml)) (in GFP)
Control 0 125.9 99
Catechin 210 48.7 91
320 50.2 77.7
Morin 210 25.7 22.7
320 25.2 14.5
420 22.1 7.7
Myricetin 50 25 12.7
75 28 9.5
100 12.2 5.5

Experiments were performed as described in the Methods
section. TxB, was measured after GFP were aggregated by
collagen as described. Each experiment was done in triplicate
(n=15 individuals).
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Table 4. Effect of various flavonoids, a-tocopherol and GBE on

Treatment Fluorescence
anisotropy
(rs)
Control membranes 0.225+0.005
Catechin (420 pM)-treated membranes 0.224+0.004
Apigenin (420 pM)-treated membranes 0.223+0.007
Myricetin (100 uM)-treated membranes 0.226+0.004
Morin (420 pM)-treated membranes 0.227+0.005
a-Tocophero1 (420 pM)-treated membranes 0.228+0.009
GBE (2 mg/ml)-treated membrane 0.225+0.004
GBE (4 mg/ml)-treated membrane 0.226+0.005

The steady-state anisotropies of the platelet membranes were
determined as described in the Methods section. The effects of
various flavonoids, a-tocopherol and GBE on anisotropy of DPH-
labelled membranes was determined by incubating these with
the DPH-labelled membranes for 30 min at 23°C (n=9). Results
are expressed as mean+SEM. There was no statistical significant
difference of the treated membranes from control.

tissues, affects eicosanoid synthesis by platelets only
marginally.*® Our data show that some of the flavonoids
used in this study inhibited platelet aggregation in washed
platelets but had very little effect in PRP. Moore ef al.,”'
also reported a minimum effect of various flavonoids on
platelet aggregation in PRP, which could be the result of
the proteins present in PRP reducing the inhibitory effects
of these flavonoids, possibly by binding these com-
pounds. Among the flavonoids, myricetin was the most
potent inhibitor of platelet aggregation in GFP, whereas
apigenin and o-tocopherol had no effect. The minimum
concentration of flavonoid required to inhibit platelet
aggregation by 50% (ICso) was different for each
flavonoid. In contrast to studies by Beretz et al.** in our
experiments the concentration of catechin required to
inhibit aggregation by 50% was approximately three
times higher (591+65 vs. 187+£82 pM) and the concentra-
tion of morin was approximately one and a half times
higher (323£78 vs. 19338 uM). Although these fla-
vonoids inhibited platelet aggregation in GFP, no
correlation was observed between the extent of inhibition
of TxA, synthesis and platelet aggregation, indicating that
other mechanisms may also be involved. Mower et al.*”
also demonstrated large variability in the platelet aggrega-
tion response to flavonoids in PRP. They reported that the
platelets of one donor were completely resistant to the
anti-aggregatory activity of flavonoids and showed no
effect on cyclooxygenase activity.

Although the plasma level of vitamin E is not
necessarily a good indicator of its levels in platelets or
red blood cells,*® no correlation was observed between
the individual’s plasma vitamin E level and percent of
inhibition of platelet aggregation induced by flavonoids.
This observation also holds true for vitamin C. This
suggests that there was no association between plasma
antioxidant levels and the ability of flavonoids to inhibit
platelet aggregation.

The results show clearly that GBE produced a
significant inhibitory effect on the aggregatory response
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of platelets to ADP and collagen. GBE exerted a greater
inhibition of platelet aggregation than the flavonoids
examined both in PRP and GFP, whereas pure flavonoids
were only effective in GFP. Of greater interest is that the
inhibition by GBE appeared much greater in whole blood
than in PRP, perhaps suggesting that GBE could affect
other blood cells apart from platelets. A contributing
factor may possibly be an effect of GBE on neutrophils.
Salvemini e al.** proposed an EDRF-like factor, which
is released from human neutrophils and acts synergis-
tically with PGI, to inhibit platelet aggregation.’. This
inhibitory activity was potentiated by superoxide dis-
mutase, an enzyme which has been purified from leaves
of Gingko biloba.*> Furthermore, the strong free radical
scavenging activities of Gingko biloba may inhibit the
activation processes.'> ™"’

The inhibition of ADP-induced platelet aggregation by
GBE was dependent on the concentration of ADP used;
42% inhibition was observed at 10 uM ADP, whereas
inhibition was lower at 16 uM ADP (8.0+2.7%). This
indicates that 16 pM ADP is probably a supra-maximal
dose and thus, although CBE may be having an
inhibitory effect, it is less easily seen. A significant
inhibition of aggregation by GBE was also seen at the
1 uM dose of ADP, which only stimulates the primary
aggregation wave (63.6+7.3%). Therefore, we may
conclude that GBE inhibits both primary and secondary
aggregation induced by ADP.

The inhibition of collagen-induced aggregation by
CBE was very marked at all doses of aggregant,
indicating that GBE is a particularly good inhibitor of
collagen-induced platelet aggregation. Given that GBE
inhibited both ADP- and collagen-induced aggregation,
it is clear that GBE does not act as a specific antagonist
to platelet receptors because if this were the case, we
would have expected specific antagonism. Considering
the effect of incubation time with GBE in the PRP
experiments, it appears that the shorter incubation time
showed a trend for increasing the percentage inhibition
of both the primary aggregation (from 56.0+£7.5 to
63.6+7.2%) and the secondary aggregation with 4 uM
ADP (data not shown). This implies that GBE was acting
on the platelets to produce a fast inhibitory response
further supporting the rationale for testing the cyclic
nucleotide response to GBE. The results of the cyclic
nucleotide assays show a dose-dependent effect of GBE
on the levels of cyclic AMP in the platelets, but no effect
on the levels of cGMP. This suggests that GBE may exert
its inhibitory effect on platelet aggregation by increasing
the levels of cyclic AMP within the platelets either by
stimulating adenylate cyclase or inhibiting cAMP phos-
phodiesterase activity. Although not fully understood, a
variety of molecular mechanisms for the role of cAMP in
the inhibition of platelet activation have been proposed.’
These include inhibition of the phospholipase
C-mediated diacylglycerol (DAG) and IP3 formation,
alteration of the DAG signal for protein kinase C
activation, as well as the protein kinase C signal,
inhibition of GPIIb/GPIIla-mediated platelet—platelet

contacts, indirect inhibition of phospholipase A,, which
releases AA (intra-platelet source of TxA;) and, most
importantly, antagonism of the Ca’*-mediated respon-
ses.” Previous work has shown that the incubation of
platelets with stimulators of adenylate cyclase (prostacy-
clin), inhibits the subsequent Ca** response to agonists.’
Thus, in future it would be interesting to monitor the
direct effect of GBE on the intracellular levels of Ca**
during agonist stimulation.

To determine whether there may be other mechanisms
apart from the cyclic nucleotide response involved in the
inhibitory effect of GBE on platelet aggregation, we also
determined platelet TxA, synthesis and platelet membrane
fluidity.” Although GBE inhibited TxA, synthesis induced
by collagen or ADP, it had very little effect on AA-induced
TxA, synthesis. Similar to flavonoids, GBE did not affect
platelet membrane fluidity. Since GBE inhibited both
ADP- and collagen-induced platelet aggregation, the anti-
aggregation action of GBE may be explained on the basis
of its multiple constituents. Gingkoglides which are also
present in GBE are known to inhibit mobilisation of Ca**
in platelets, and thus inhibit PAF-induced platelet aggrega-
tion.*® Since GBE is a mixture of various compounds,
including querecetin as a glucorhamnoside ester, and
gingkoglides, which are known to affect different cellular
activation processes, GBE may be a superior anti-platelet
therapy to individual flavonoids.

With regard to the clinical potential of GBE as a future
anti-platelet drug, one must consider its actions not only
upon platelets but also on the vessel wall, as these are
closely related. With regard to the latter, Stucker et al.®’
have found that EGb 761 opposes vasospasm induced by
thrombin serotonin and the thromboxane analogue
(U46619). Comparison of the in vitro effects observed
with GBE against in vitro studies with aspirin, thrombin
inhibitors and GPIIb/GPIIIa antagonists should be enter-
tained as crucial experiments as a follow-up to this paper.
In vitro experiments comparing the effects of aspirin and
the extract of Ginkgo biloba, EGb 761, on an experi-
mental model of thrombosis induced by lasers in rats,
concluded that aspirin and EGb 761 had a similar anti-
thrombotic effect.*®

Aspirin is for the time being the gold standard anti-
platelet agent for prevention of arterial thrombosis; being
a cyclooxygenase inhibitor, it exerts effects through
inhibition of the thromboxane-dependent amplification
mechanism of activation of the fibrinogen receptor.*®
However, aspirin at low doses may not inhibit collagen-
induced platelet aggregation in certain conditions,*® and
it becomes less effective if shear stress or ADP become
relevant stimuli of platelet activation.’® Furthermore, a
ruptured plaque has the potential for promoting ADP,
collagen and epinephrine-induced platelet aggregation.

In conclusion, GBE is equally effective in inhibiting
platelet aggregation, both in PRP and whole blood,
induced by collagen and ADP via increasing cAMP
levels and lowering TxA, synthesis. Our data thus
provide evidence that GBE has great potential for
increasing the effectiveness of thrombosis prophylaxis
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following an oral administration. Thrombosis and athero-
sclerosis are the results of complex pathological inter-
actions involving platelets, leukocytes, the coagulation
system, components of the vessel wall and haemody-
namic parameters.” GBE represents an interesting ther-
apeutic approach because, in addition to its anti-platelet
properties, it can interfere with other steps implicated in
the development of vascular diseases.!® These claims,
however, require further research to elucidate their
effects in vivo bioavailability, stability and metabolism of
the active compounds present in GBE responsible for
inhibition of platelet function. The use of GBE in its
present form as an oral therapeutic agent may be limited,
as it may require large quantities (grams) to inhibit
platelet activity in vivo. Studies are being carried out to
address these issues in order to develop GBE as a
successful anti-platelet agent.
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