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SUMMARY: Ajoene, the major antiplatelet compound derived from garlic inhibits 
the fibrinogen-supported aggregation of washed human platelets (ID=~ = 13 uM) 
and, inhibits binding of z2sI-fibrinogen to ADP-stimulated platel~s (ID.^ = 

DU 
0.8 uM). In both cases, the inhibition is of the mixed non-competitive type. 
Furthermore, fibrinogen-induced aggregation of chymotrypsin-treated platelets 
is also inhibited by ajoene in a dose-dependent manner (ID50 = 2.3 uM). Other 
membrane receptors such as ADP or epinephrine receptors are not affected by 
ajoene. Ajoene strongly quenches the intrinsic fluorescence emission of pu- 
rified glycoproteins IIb-IIIa (I ~n = i0 uM). These results indicate that the 
antiaggregatory effect of ajoeneDi~ causally related to its direct interaction 
with the putative fibrinogen receptor. © 1986 Academic Press, Inc. 

Ajoene (E,Z)-4,5,9-trithiadodeca-l,6,11-triene 9-oxide, a potent antiplatelet 

compound derived from garlic (1,2) inhibits platelet aggregation induced in 

vitro by ADP, collagen, epinephrine, thrombin, ionophore A-23187, platelet 

aggregating factor, arachidonic acid (i) and the endoperoxide analog U-46619 

(unpublished). Inhibition of aggregation by ajoene does not affect shape 

change, arachidonate metabolism or cAMP levels (i). It acts synergistically 

with antiaggregatory compounds such as prostacyclin, indomethacine or dipyri- 

damole (3). These observations suggest that the inhibitory action of ajoene 

on platelet activation must related to blockade by ajoene of some common step, 

in the chain of reactions leading to platelet aggregation and that this step 

must be shared by all known agonists of platelet activation. Regardless of 

the agonist, the platelet fibrinogen receptor plays this pivotal role in 

platelet aggregation (4). Here we report that ajoene inhibits fibrinogen 

binding to ADP- and chymotrypsin-treated platelets (CTP), and shows high af- 

finity interaction with purified fibrinogen receptors from human platelets. 
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METHODS 

The protocols used in this study are described elsewhere (1,3) or given in the 
figure caption. Ep$~ephrine receptors were studied as described by Macfarlane 
et al. (4), using ~H-Rauwolscine as antagonist. Glycoproteins IIh-IIIa were 
purified as described by Newman et al. (5). 

RESULTS AND DISCUSSION 

The effect of ajoene on the fibrinogen-supported aggregation of gel filtered 

platelets (GFP) activated by ADP is shown in Fig. IA. This effect of ajoene, 

as have been found with other agonists (1,3), shows a sigmoidal dependence on 

the concentration of the inhibitor, with ID50 = 13 uM and complete inhibition 

obtained above 20 uM ajoene. Graphical analysis of the data (Fig. IA, insert) 

yields patterns compatible with a mixed non-competitive inhibition. 

As shown in Fig. IB, incubation of GFP with ajoene inhibits the ADP-induced 

binding of fibrinogen. As the concentration of fibrinogen increases, the ef- 

fect of ajoene on binding is more pronounced, reaching about 95% inhibition at 

a fibrinogen concentration of 2 uM (data not included in the graph). It has 

been shown that saturation of fibrinogen receptors at high fibrinogen concen- 

trations (> 14 uM) leads to decreased platelet aggregation (6,7). A possible 

explanation for these observations is the existence of negative cooperative 

interactions among platelet fibrinogen receptors (8). Our data, suggests that 

these negative interactions become accentuated in the presence of ajoene, 

which somehow modulates the apparent down regulation of the receptors by fi- 

brinogen. This working hipothesis is consistent with the apparently non- 

competitive inhibition of aggregation and fibrinogen binding (inserts, Fig. IA 

and B). Inhibition of binding of fibrinogen to intact platelets shows a hy- 

perbolic dependence on the concentration of ajoene (Fig. IC, curve i). More 

than 98% inhibition is observed at about 5 uM ajoene, and ID50 is about 0.8 

uM. This suggests that the effect of ajoene on binding of fibrinogen is caus- 

ally related to the effect of ajoene on aggregation of platelets induced by 

the various agonists and supported by fibrinogen. This idea is further 

supported by the fact that inhibition of aggregation by ajoene shows an inver- 

se dependence on the number of platelets in the sample. The fact that ID50 

values for the inhibition of binding and aggregation differ by a factor of 

about i0 suggests that the functional coupling between the various processes, 

ranging from exposure of the fibrinogen receptor to the formation of irrevers- 

ible aggregates, may not involve a simple direct progression of events from 

the initial ligand-receptor interaction to the final response. Fig. IC (curve 

2), shows that once bound, fibrinogen is not displaced by ajoene, even at i00 

M concentration. This is in contrast with the observation that ajoene does 

disaggregate platelets that have been challenged with ADP or collagen, in PRP 

(i). Unfortunately, very little is known about the factors that modulate 
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A) Effect of a~oene on fibrinosen-supported a$~re~ation of ~el 
platelets (GFP) obtained as described by Lages et al (14). 

Aggregation induced by i0 uM ADP, at 37 ° C, in the presence of 1 mM calcium. 
Synthetic ajoene (2) was added 90 seconds before activation of the platelets 
with ADP. Solvent (ethanol) was used in the control GFP. Data represents 
mean + s.d. of six independent experiments. Ordinate represents extent of 
aggregation. Insert, double-reciprocal plot of the data. B) Inhibition by 
ajoene of fibrinosen bindin$ to ADP stimulated p!a~elets. Human fibrinogen 
was radio-iodinated by the Iodogen method (15) (specific activity = 2 
mCi/umole). GFP suspended in Hepes-Tyrode, pH 7,4 (i) was mixed with 12s I- 
fibrinogen to give a final fibrinogen concentration = 0.3 uM and calcium con- 
centration = 1 mM. Platelet activation was initiated with i0 uM ADP. After 
30 min. incubation at 25 ° C, the platelets were sedimented through a layer of 
silicone. Ajoene was added 90 seconds before the agonist. Nonspecific bind- 
ing was measured in the presence of 20 mM EGTA. Data represents mean + s.d. 
of three independent experiments. Insert, double-reciprocal plot of the data. 
C) Concentration dependence of the effect of ajoene on binding of fibrinosen 
to GFP. Experimental conditions as described in B. Curve i, ajoene added 90 
seconds before addition of the agonist (ADP = 10 uM). Curve 2, ajoene added 
30 minutes after addition of ADP. Data represents mean + s.d. of five in- 
dependent experiments. 

functional expression of fibrinogen receptors in platelets, however, the ap- 

parent discrepancy mentioned above may be simply related to the experimental 

conditions used for binding (30 min. incubation before addition of ajoene)(9). 

Chymotrypsin-treated platelets bind fibrinogen and aggregate when stirred in 

the presence of fibrinogen, without addition of any other agonist (7). 
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Although the mechanism of the exposure of fibrinogen receptors by chymotrypsin 

is still unclear, it appears that an intact IIb-IIIa complex is necessary for 

fibrinogen binding to CTP. Ajoene inhibits, in a dose-dependent manner (ID50 

= 2,3 uM), the fibrinogen-supported aggregation of platelets whose fibrinogen 

receptors have been "exposed" by chymotrypsin following the procedure de- 

scribed by Kornecki et al (i0). Since aggregation of CTP does not require of 

a metabolically active cell (ii) and is not blocked by compounds that elevate 

intraplatelet levels of cAMP (12), the inhibition by ajoene must be inter- 

preted as a direct effect on the aggregation process mediated by functional 

fibrinogen receptors. This conclusion is also consistent with the observation 

that the effect of ajoene does not involve contractile or motile functions 

arising from cytoplasmic structures because thrombin-induced phosphorylation 

of contractile proteins such as myosin light chain or of the secretion related 

peptide P47 is not inhibited by ajoene (data not shown here). 

A direct effect of ajoene on the isolated receptor for fibrinogen could also 

be demonstrated. The functional fibrinogen receptor in platelets have been 

identified with a calcium-dependent complex of membrane glycoproteins IIb and 

Ilia (see Ref. 4 for a review on the subject). Under appropriate conditions, 

the GP IIb-IIIa complex can be isolated from platelet plasma membranes in 

rather pure and functionally active state (5,13). We made use of the intrin- 

sic fluorescence of tryptophan from the isolated IIb-IIIa complex to monitor 

its interaction with ajoene. Glycoprotein IIb-IIIa complex exhibits a large 

fluorescence emission maximum at 328 nm (excitation at 290 nm). The emission 

intensity decreases in the presence of ajoene. Addition of i0 mM EGTA does 

not affect the position of the maximum or the quantum yield of fluorescence, 

and does not influence the effect of ajoene. The concentration dependence for 

the quenching fits a Michaelis-Menten type of hyperbola; half of the total 

intensity is quenched by about i0 uM ajoene and more than 95% of the fluores- 

cence intensity is quenched at about i00 uM ajoene. These observations 

suggest that ajoene binds with high affinity, and that an intact IIb-IIIa 

complex is not a requisite for the interaction. The effect of ajoene on the 

fluorescence emission can be reversed by high concentrations of EGTA (30 mM) 

suggesting a non-covalent type of interaction. 

The kinetic patterns obtained from both, the aggregation and binding experi- 

ments, which suggest a non competitive type of interaction, further support 

the idea that ajoene interacts with the IIb-IIIa complex (or part of it) at a 

site(s) which is different from the fibrinogen binding site(s). 

The interaction of ajoene with the fibrinogen receptor in the membrane seems 

to be also highly selective. Elsewhere we have shown that ajoene inhibits the 

action of the various inducers of aggregation without any noticeable effect on 
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the shape change (i). This implies that the interaction of inducers with 

their primary receptors on the platelet surface is not blocked by ajoene. 

This is directly substantiated at least for the epinephrine receptors. Ajoene 

(i0 uM) does not modify the affinity (2.7 + .8 uM) nor the number (320 + 20 

per platelet) of epinephrine receptors in intact, gel filtered platelets, 

measured as described by Macfarlane et al (5), using 3H-Rauwolscine as antago- 

nist (n = 5, data not shown here). 

The results reported here represent the first direct demonstration of a spe- 

cific interaction of an antiplatelet compound, different from a monoclonal 

antibody, with the fibrinogen receptors of the platelet surface. Presence of 

a high affinity binding site for a small molecule like ajoene on the fibri- 

nogen receptor raises the possibility that this pivotal step in the sequence 

of platelet reactions may be regulated in vivo by a yet unidentified factor 

that shares the binding site for ajoene. Furthermore, our results lend a mol- 

ecular support to the antiaggregatory effect of ajoene on human platelets and 

accentuate the importance of the fibrinogen receptors in the design of selec- 

tive, general antiplatelet agents. 

ACKNOWLEDGMENTS: Supported in part by Grant SI-1551 from CONICIT, Venezuela. 

Thanks are due to personnel of the Blood Bank, Hosp. Universitario, Caracas. 

REFERENCES 

i. Apitz-Castro, R., Cabrera, S., Cruz, M.R., Ledezma, E. & 
Jain, M.K. ThrombosEs Res. 32, 155-169 (1983). 

2. Block, E., Ahmad, S., Jain, M.K., Crecely, R., Apitz-Castro, R. & 
Cruz, M.R J. Amer. Chem. Soc., 106, 8295-8296 (1984). 

3. Apitz-Castro, R., Escalante. J., Vargas, R. & Jain, M.K. 
Thrombosis Res. 42, 303-311 (1986). 

4. Newman, P.J., Knipp, M.A. & Kahn, R.A. Thrombosis Res., 27, 
221-224 (1982). 

5. Macfarlane, D.E., Wright, B.L. & Stump, D.C. Thrombosis Res., 24, 
31-43 (1981). 

6. Peerschke, Ellinor I.B. Sem. in Hematology 22, 241-259 (1985). 

7. Kornecki, E., Niewiaroswki, S., Morinelli, T.A. & Kloczewiak, M. 
J. Biol. Chem., 256, 5696-5701 (1981). 

8. Peerschke, Ellinor I.B. Blood 60, 973-978 (1982). 

9. Marguerie, G.A., Edgington, T.S. & Plow, E.F. J. Biol. Chem., 
255, 154-161 (1980). 

i0. Niewiarowski, S., Budzynski, A.Z., Morinelli, T.M., Brudzynski, 
T.M. & Stewart, G.J. J. Biol. Chem., 256, 917-925 (1981). 

149 



Vol. 141, No. 1, 1986 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

ii. Peerschke, E.I. & Zucker, M.B. Blood 57, 663-670 (1981). 

12. Kornecki, E., Erlich, Y.H., Hardwick, D.H. & Lenox, R.H. Am. J. 
Physiol., 250, H550-H557 (1986). 

13. Jennings, L.K. & Phillips, D.R. J. Biol. Chem., 257, 10458-10466 
(1982). 

14. Lages, B., Scrutton, M.C. & Holmsen, H. J. Lab. Clin. Med., 85, 
811-825 (1975). 

15. Salacinski, P.R.P., McLean, C., Sykes, J.E.C., Clement-Jones, V.V. 
& Lowry, P.J. Anal. Biochem., 1!7, 136-146 (1981). 

150 


