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Summary 
The effect of the leaf extract of Ginkgo biloba L. on platelet aggregation induced by oxidative 

stress was studied. The extract caused a dose-dependent inhibition of platelet aggregation 
stimulated with tert-butyl hydroperoxide (t-BHP) and Fe 2§ Similar inhibitory activity was 
observed when platelets were exposed to H202 and Fe 2§ Synergistic aggregation induced by a 
combination of t-BHP and Fe 2§ or H202 and Fe 2§ in association with suboptimal concentration of 
collagen or U46619, was prevented by the extract. However, the extract failed to inhibit 
aggregation in response to collagen, thrombin or U46619. Ginkgolides A, B and C inhibited 
platelet-activating factor-induced aggregation, but not oxidant-induced aggregation. These data 
suggest that the suppressive effect of the extract is specific on platelet aggregation stimulated by 
oxidative sU'ess, and that this effect is involved in the mechanism related to its protective effect 
upon cerebral or myocardial injuries. 
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Introduction 

A number of studies have demonstrated that an extract of Ginkgo biloba L. leaves is 

effectively used in treatment of cerebral insufficiency and neurological diseases (reviewed in ref. 

1). These effects of the extract are supposed to result from scavenging free radicals, such as 

superoxide anions and hydroxyl radicals, which induce lipid peroxidation, leading to damage of 

tissues including vascular endothelium (2-5). 

Platelet hyperaggregation is thought to be involved in the mechanism related to induction of 

cerebral or myocardial ischemia, thus being clitical event in the pathogenesis of such injuries. 

Previously, active oxygen species are reported to enhance platelet aggregation (6-10). We have 

also demonstrated that ten-butyl hydroperoxide (t-BHP) and Fe 2§ induce hyperaggregation of 

platelets exposed to collagen or arachidonic acid (11). Recently, we showed that the formation of 

lipid peroxides causes group IIA secretory and group IV cytosolic phospholipase A2s to enhance 

hydrolyzing platelet membrane phospholipids, thus accelerating platelet aggregation (12, 13). 

These findings led us to consider that the suppression by antioxidant activity of Ginkgo biloba 

L. exlract of platelet hypersensitivity in association with membrane lipid peroxidation, leads to 

prevention of platelet thrombus formation, hence interpreting its therapeutic efficacy against 

cerebral and myocardial ischemia and injuries. In the present work, therefore, we investigated the 

effect of the extract on platelet aggregation induced by ten-butyl hydroperoxide (t-BHP) or H202, 
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as well as other agonists such as collagen and thrombin, and on the synergistic aggregation 

induced by the oxidants with collagen or U46619, a stable thromboxane A2 analogue. 

Furthermore, since ginkgolides A, B and C, which are the major active constituents in the extract 

(14), have been reported to be a potent platelet-activating factor (PAF) receptor-antagonist (15-18 ), 

we also examined the effects of those on PAF- and the oxidant-induced platelet aggregation using 

the purified compounds. 

Materials and M e t h o d s  

Materials 
The leaf extract of Ginkgo biloba L., which contains 24% flavonoid glycosides and 6% 

terpene lactones (2.4% bilobalide and 2, 0.8, and 1% ginkgolides A, B, and C, respectively), and 
purified ginkgolides were donated from Tokiwa Phytochemical Co., Ltd. (Chiba, Japan, we are 
grateful for the gift of them.). Collagen (type I) and t-BHP were obtained from Sigma (St. Louis, 
MO, U.S.A.). U46619 (9,11-dideoxy-9o~,lhx-methanoepoxy prostaglandin Fza)was  from 
Cayman Chemical (Ann Arbor, MI, U.S.A.). PAF (1-O-hexadecyl-2-O-acetyl-sn-glycero-3- 
phosphocholine) was from Cascade Biochem (Berkshire, U.K.). Thrombin was from Mochida 
Pharmaceuticals (Tokyo, Japan). [3H]Arachidonic acid (91.8 Ci/mmol) was from New England 
Nuclear (Boston, MA, U.S.A.). Other reagents were from Nacarai Tesque (Kyoto, Japan) and 
Wako Pure Chemical Industries (Osaka, Japan). 
Preparation of washed rabbit platelets 

Washed rabbit platelets were prepared as described previously (11). Platelet-rich plasma was 
obtained by centrifugation of rabbit blood at 230 x g for 10 rain. Platelets were sedimented by 
centrifugation at 800 x g for 15 min, and washed with Hepes buffer (137 mM NaC1, 2.7 mM KC1, 
1 mM MgCI2, 5.6 mM glucose, and 3.8 mM Hepes, pH 6.5) containing 0.35% bovine serum 
albumin and 0.4 mM EGTA. The washed platelets were resuspended in Hepes buffer (pH 7.4). 
Platelet aggregation 

Washed platelets (5 x 108 cells/ml) were incubated with Ginkgo biloba extract at 37~ for 2 
rain in the presence of 1 mM CaCI2, and then stimulated with various agonists. Platelet 
aggregation was measured as the increase in light transmission in the reaction mixture. The change 
in light transmission was continuously monitored with an aggregometer (NKK Hema Tracer 1, 
Niko Bioscience, Tokyo, Japan). 

R esu l t s  

We previously reported that a combination of t-BHP and Fe 2+ induced apparent platelet 

aggregation (11). Under these conditions, we examined the effect of Ginkgo biloba extract on the 

platelet aggregation induced by 100 I.tM t-BHP and 200 i.tM Fe 2+. As shown in Fig. 1, the extract 

prevented the platelet aggregation dose-dependently. The aggregation of platelets exposed to 50 

IxM H202 and 100 ~tM Fe 2+ was also inhibited by the extract dose-dependently. 

Our previous work has shown that relatively lower concentrations of t-BHP and Fe 2+, which 

cause tittle effect, elicited synergistic aggregation under stimulation with a suboptimal 

concentration of collagen (11). Therefore, we tried to study the effect of the extract on the 

synergistic aggregation. As shown in Fig. 2, the extract dose-dependently prevented the 

aggregation induced by t-BHP and Fe 2+ or H202 and Fe z+ in association with collagen by the level 

induced by collagen alone. Similarly, the extract significantly inhibited the synergistic aggregation 

induced by t-BHP or H202 with U46619 in the presence of Fe 2+ (Table I). However, the extract 
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Fig. 1. Effect of Ginkgo biloba extract on platelet aggregation induced by t-BHP and H202 in 
the presence of FeSO4. Washed platelets were treated with various concentrations of the extract 
at 37*C for 2 min, and then stimulated with 100 gM t-BHP and 200 gM FeSO4 (A) or 50 gM 
H202 and 100 gM FeSO4 (B). Platelet aggregation was determined by the change in light 
~ansmission 3 rain after stimulation. The results are expressed as the percentage of control 
response without the extract, and are the means + S.E. for three experiments. 
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Fig. 2. Effect of Ginkgo biloba extract on platelet aggregation synergistically induced by 
oxidizing reagents and collagen. Washed platelets were treated with various concentrations of 
the extract at 37~ for 2 min, and then stimulated with 50 gM t-BHP (A) or 50 gM H202 (B) in 
the presence of 50 gM FeSO4 and 2 gg/ml collagen. Platelet aggregation was determined by the 
change in light transmission 3 min after stimulation with oxidizing reagents and collagen. The 
results are expressed as the percentage of control response without the extract, and are the means 
_+ S.E. for three experiments. O, collagen alone. El, oxidizing reagents alone. 
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Table I Effect of Ginkgo biloba extract on the synergistic aggregation induced by oxidizing 
reagents with U46619 or the aggregation by physiological agonists. Washed platelets were 
treated with 100 ~tg/mi Ginkgo biloba extract at 37~ for 2 min, and then slimulated with various 
stimuli; 50 l.tM t-BHP, 50 ~tM H202, 50 ~tM FeSO4, 10 ~tg/ml collagen, 0.1 U/ml thrombin, and 
0.1 or 1 I.tM U46619. Platelet aggregation was determined by the change in light transmission 3 
min after stimulation. The results are expressed as the percentage of each control response without 
the extract, and are the means for two separate experiments. 

Stimulation Relative aggregation (%) 

t-BHP + FeSO4 + U46619 (0.1 p.M) 21 

H202 + FeSO4 Jr- U46619 (0.1 ].tM) 23 

Collagen 97 

Thrombin 103 

U46619 (1 ~tM) 95 

revealed no effect on the platelet aggregation in response to collagen, thrombin or U46619 in the 

absence of oxidants (Table I). 

On the other hand, purified ginkgolides A, B and C, which are active constituents in the 

extract and are known to be a potent PAF-receptor antagonist (15-18), apparently inhibited the 

PAF-induced aggregation, on which effects of ginkgolides A and B are greater than that of 

ginkgolide C, but not the oxidant-induced aggregation even at their concentrations of 100 ~tM 

(Table II). These suggest that PAF is not involved in the process leading to the oxidant-induced 

aggregation. Although the extract also suppressed the PAF-induced aggregation (Table II), this is 

probably due to the actions of ginkgolides A and B included in it. The suppressive effect of the 

extract on the oxidative stress-induced aggregation might result from action of constituents other 

than ginkgolides in the extract. 

D i s c u s s i o n  

Active oxygen species are well known to be implicated in the pathogenesis of tissue injury in 

association with the formation of lipid peroxides. Recently, it was reported that the leaf extract of 

Ginkgo biloba L. significantly inhibited ischemia-reperfusion injury of heart (19, 20), and also 

that it inhibited vascular thrombosis induced by Laser beam (21). These studies suggest that the 

suppressive effect of the extract might arise from its scavenging activity against free radicals, since 

the lipid peroxidation induced under such conditions is strongly involved in the mechanism 

underlying thrombosis and tissue damage. However, the mechanism by which the formation of 

lipid peroxide leads to vascular thrombosis, is still not well characterized. Previously, we 

provided evidence that the accumulation of lipid peroxidation products in platelet membranes 

causes platelets hyperaggregable to agonists, and suggest that it results in an acceleration of 
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Table II Effects of Ginkgo biloba extract and ginkgofides on platelet aggregation induced by 
PAF or t-BHP and FeSO4. Washed platelets were treated with various concentrations of Ginkgo 
biloba extract, or ginkgolides A, B, and C at 370C for 2 min, and then stimulated with 10 nM PAF 
or a mixture of 100 ~tM t-BHP and 200 laM FeSO4. Platelet aggregation was determined by the 
change in light transmission 3 min after stimulation. The results are expressed as a concentration 
required for inhibition of aggregation by 50% (IC50), and are the means for two separate 
experiments. 

IC50 against aggregation induced by 

Compounds PAF t-BHP -1- FeSO4 

Extract 31 ~tg/ml 53 lxg/mi 

Ginkgolide A 1.8 ~tM > 100 ~tM 

Ginkgolide B 0.5 ~tM > 100 ].tM 

Ginkgolide C 32 ~tM > 100 I.tM 

platelet thrombus formation, which in turn is responsible for cerebral or myocardial ischemia and 

related disorders (11,12). In this context, we focused in the present work upon a suppressive 

effect of the leaf extract of Ginkgo biloba L. on platelet aggregation induced by oxidative stress, in 

attempt to investigate the mechanism concerning its protective effect against ischemic cerebral or 

myocardial injuries, since the extract is known to be a potent scavenger of free radicals (2-5). 

We demonstrated here that the leaf extract of Ginkgo biloba L. effectively suppressed the 

aggregation of platelets exposed to a combination of t-BHP and Fe 2+, as well as H202 and Fe 2+, 

and further it did the synergistic aggregation induced by these oxidants with collagen or U46619 

(Figs. 1 and 2, and Table I). However, the extract did not exert any effect on the aggregation of 

platelets exposed to collagen, thrombin or U46619 (Table I). These results indicate that the extract 

has a specific effect on platelet aggregation stimulated by oxidative stress, probably due to its 

antioxidant effect. However, ginkgolides A, B and C did not influence the oxidative stress- 

induced aggregation (Table II), suggesting that PAF is not involved in the mechanism responsible 

for the aggregation, since ginkgolides A and B are known to be a potent PAF-receptor antagonist 

(15-18). 

Although numerous factors are supposed to be involved in the process leading to thrombus 

formation in blood vessel and the resultant hypoxia and ischemia in tissue, platelet activation as a 

trigger should be deeply implicated in vascular thrombosis. Thus, our results obtained in the 

present work, together with evidence that Ginkgo biloba extract possesses potent scavenging 

activity against free radicals (2-5), suggest that one of the mechanism by which the extract exhibits 

therapeutic efficacy in cerebral and heart diseases, might be explained by the suppression of 

platelet hyperaggregation in association with oxidative stress. 

1247 



Vol. 46, No. 6, 1998 BIOCHEMISTRYond MOLECULAR BIOLOGY INTERNATIONAL 

R e f e r e n c e s  

1. DeFeudis, F.D. (1991) Ginkgo biloba extract (Egb 761): Pharmacological activities and 
clinical applications, pp. 61-96, Elsevier, Paris. 

2. Pincemail, J., Dupuis, M., Nasr, C., Hans, P., Haag-Berrurier, M., Anton, R., and Deby, 
C. (1989) Experientia 45, 708-712. 

3. Tosaki, A., Droy-Lefaix, M.-T., Pali, T., and Das, D.K. (1993) Free Radic. Biol. Med. 14, 
361-370. 

4. Marcocci, L., Maguire, J.J., Droy-Lefaix, M.T., and Packer, L. (1994) Biochem. Biophys. 
Res. Commun. 201,748-755. 

5. Maitra, I., Marcocci, L., Droy-Lefaix, M.T., and Packer, L. (1995) Biochem. Pharmaco[. 49, 
1649-1655. 

6. Iatridis, S.G., Iatridis, P.G., Kyrkou, K.A., Markidou, S.G., and Iatridi, I.S. (1979) 
Thromb. Res. 15, 733-741. 

7. Del Principe, D., Menichelli, A., De Matteis, W., Di Corpo, M.L., Di Giulio, S., and 
Finazzi-Agro, A. (1985) FEBS Lett. 185, 142-146. 

8. Hill, T.D., White, J.G., and Rao, G.H.R. (1989) Thromb. Res. 53, 447-455. 
9. Salvemini, D., de Nucci, G., Sneddon, J.M., and Vane, J.R. (1989) Br. J. Pharmacol. 97, 

1145-1150. 
10. Calzada, C., Vericel, E., and Lagarde, M. (1997) Biochem. J. 325, 495-500 
11. Hashizume, T., Yamaguchi, H., Kawamoto, A., Tamura, A., Sato, T., and Fujii, T. (1991) 

Arch. Biochem. Biophys. 289, 47-52. 
12. Akiba, S., Nagatomo, R., Hayama, M., and Sato, T. (1997) J. Biochem. 122, 859-864. 
13. Akiba, S., Nagatomo, R., Hayama, M., and Sato, T. (1997) Biochem. Mol. Biol. Int. 43, 

799-806. 
14. Okabe, K., Yamada, K., Yamamura, S., and Takada, S. (1967)J. Chem. Soc. 1967, 2201- 

2206. 
15. Braquet, P.G., Spinnewyn, B., Braquet, M., Bourgain, R.H., Taylor, J.E., Etienne, A., 

and Drieu, K. (1985) Blood and Vessel (Japan) 16, 558-572. 
16. Panetta, T., Marcheselli, V.L., Braquet, P., Spinnewyn, B., and Bazan, N.G. (1987) 

Biochem. Biophys. Res. Commun. 149, 580-587. 
17. Nunez, D., Chignard, M., korth, R., Le Couedic, J.-P., Norel, X., Spinnewyn, B., Braquet, 

P., and Benveniste, J. (1986) Eur. J. Pharmacol. 123, 197-205. 
18. Lamant, V., Mauco, G., Braquet, P.,Chap, H., and Douste-Blazy, L. (1987)Biochem. 

Pharmacol. 36, 2749-2752. 
19. Haramaki, N., Aggarwal, S., Kawabata, T., Droy-Lefaix, M.-T.T., and Packer, L (1994) 

Free Radic. Biol. Med. 16, 789-794. 
20. Shen, J.-G., and Zhou, D.-Y. (1995) Biochem. Mol. Biol. Int. 35, 125-134. 
21. Belougne, E., Aguejouf, O., Imbault, P., Azougagh Oualane, F., Doutremepuich, F., Droy- 

Lefaix, M.T., and Doutremepuichi, C. (1996) Thromb. Res. 82, 453-458. 

1248 


