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Platelets clump together by two distinctly different processes; agglutination and aggrega-
tion.  Agglutination is a passive process, independent of the metabolic status of the platelets. It is 
a physical phenomenon of binding of a protein or glycoprotein ligand, which has two or more 
binding domains, to cell surface components. This is in contrast to platelet aggregation, an active, 
transmembrane process that requires metabolically active platelets. It involves activation, shape 
change, secretion and adhesion.  Both the processes, agglutination and aggregation, can be moni-
tored by following the change in light transmission in turbidometric aggregometers. Formalde-
hyde-fixed platelets can be used to distinguish between these two processes; only agglutination 
can be induced in these platelets, but not aggregation. PGE1 inhibits aggregation, but not aggluti-
nation. Metabolic inhibitors, such as antimycin A and 2-deoxy-D-glucose, are also used to distin-
guish aggregation and agglutination. Some exogenous factors isolated from animal sources 
induce platelet agglutination, whereas others induce aggregation. In this inventory, when possible, 
we will distinguish between these effects.   This updated inventory includes, in addition to several 
new inducers of platelet aggregation from snake venoms, those that were isolated from other ani-
mal sources.  Some of these factors exhibit phospholipase A2 (PLA2) and proteinase activities, 
whereas others do not exhibit any enzymatic activity.  We will use the same classification 
described in a previous inventory by Smith and Brinkhous (1).  Accordingly, aggregation inducers 
are divided into three main groups. Group I is comprised of factors that directly act on platelets to 
induce platelet aggregation. Group II consists of factors that require a plasma component for their 
activity. Group III is made up of heterogeneous and partially characterized factors for which the 
mechanisms of action are largely unknown.

I.        Exogenous Factors with Direct Action on Platelets

A.   Enzymatic Components:

Serine Proteinases Several serine proteinases, particularly thrombin-like enzymes (for an 
inventory of thrombin-like enzymes see reference 2), interfere in coagulation and platelet aggre-
gation.  The thrombin-like enzymes preferentially release either fibrinopeptide A or B from fibrin-
ogen unlike thrombin, which releases both fibrinopeptides.  Some of these thrombin-like enzymes 
induce platelet aggregation by direct action on platelets.  However, they are less potent compared 
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to thrombin (3).  There is no significant correlation between the procoagulant activities of these 
enzymes and their ability to induce platelet aggregation.  The platelet aggregation induced by 
thrombin-like enzymes is different from that induced by thrombin and is mainly due to ADP 
released from platelets (3).  Interestingly, not all thrombin-like enzymes induce platelet aggrega-
tion (2).  Several new members of serine proteases that induce platelet aggregation have been iso-
lated and characterized since the publication of the earlier inventory (1).  They are namely 
bothrombin (4), cerastobin  (5), cerastocytin (6), cerastotin (7), Fraction IVa (8), afaâcytin (9), 
MSP1 and MSP2 (10) and PA-BJ (11) (Table 1). Some of these proteinases require the presence 
of fibrinogen for their activity (4).  Some proteinases, such as cerastotin, induce both aggregation 
and agglutination of platelets (7).  Afaâcytin also activates factor X to factor Xa (9)

Phospholipase A2 Enzymes Phospholipase A2 (PLA2) is another group of enzymes that 
induce platelet aggregation directly (Table 2). In general these agents act by cleaving platelet 
membrane phospholipids resulting in the release of arachidonic acid leading to formation of 
thromboxane A2 (20). The aggregation is independent of release of ADP from platelets and can be 
inhibited by indomethacin and aspirin (inhibitors of cyclooxygenase and hence thromboxane A2 
formation). The PLA2 from Agkistrodon contortrix contortrix venom, in contrast, initiates platelet 
aggregation by an unknown mechanism, which is independent of arachidonate pathway and is not 
mediated by ADP, serotonin or thrombin (21).  There are some PLA2 enzymes from the venoms 
of cobra, bee and Russell’s viper venom (22-26) that induce biphasic effects. At lower concentra-
tions they initiate a reversible aggregation, whereas at higher concentrations they inhibit platelet 
aggregation.  These biphasic effects are due to the formation of arachidonate and lysophospholip-
ids and can be negated by the addition of serum albumin, which binds and neutralizes the prod-
ucts of enzymatic hydrolysis (23-25).  A PLA2 from Agkistrodon acutus venom, however, initiates 
aggregation in washed platelet suspension and inhibits platelet aggregation in platelet rich plasma 
(27).  Interestingly, human platelet secretory PLA2 enzyme fails to release arachidonate and 
induce aggregation of rabbit platelets (28).  The physiological relevance of the venom PLA2 
enzymes, which interfere in platelet aggregation only in the absence of serum albumin, is not 
clear.  For details, see (29, 30).

Non-Enzymatic Components

Lectins Among the group of non-enzymatic components with direct effect on platelet aggre-

gation are Ca2+-dependent lectins (C-type lectins; Table 3). These snake venom lectins bind to 
platelets most likely through their carbohydrate recognition domains and induce platelet secretion 
and aggregation (32-35). Lactose, a specific inhibitor of hemoagglutination mediated by these 
lectins, is also a potent inhibitor of platelet aggregation.  The aggregatory response is also inhib-
ited by prostaglandins I2 and E1, and RGD containing peptides. 

Components inducing aggregation via acetyl glyceryl ether phosphorylcholine (AGEPC) pathway 
Collagen interacts with two different receptors glycoprotein Ia/IIa (GP Ia/IIa) and glycoprotein VI 
(GP VI) and induces aggregation through AGEPC pathway.  Similarly some agonists (Table 4) 
isolated from snake venoms specifically bind to either GP Ia/IIa or GP VI and induce platelet 
aggregation.  Convulxin is one member of this group that has been well studied (36-46). It is a C-



type lectin related protein.  Platelet aggregation mediated by convulxin involves a phosphoinosit-
ide-specific phospholipase C as well as other mechanisms. Convulxin induces signal transduction 
in part like collagen and binds to GPVI (46). In contrast, aggretin and rhodocytin, C-type lectin 
related proteins, binds to platelet via GPIa/IIa and elicit platelet aggregation through the activa-
tion of endogenous phospholipase C, leading to hydrolysis of phosphoinositide and subsequent 

mobilization of intracellular Ca2+ (47-50). Trimucytin, a potent platelet aggregation inducer iso-
lated from Trimeresurus mucrosquamatus (51-53) also activates collagen receptors on platelet 
membrane and causes aggregation and release mainly through phospholipase C-phosphoinositide 
pathway. Interestingly, there is a run of Gly-Pro-Xaa repeats in the amino terminal end of the pro-
tein (53).  The complete structure of this protein is not yet known.  Whether this protein is similar 
to another aggregoserpentin isolated from the same snake venom (54) is also unknown.  Two 
other platelet aggregation inducers, platelet aggregoserpentin and triwaglerin isolated from T. 
gramineus and T. wagleri, respectively, also activate platelets by similar mechanisms (55, 56).  
Platelet aggregoserpentin activates platelets by an endogenous phospholipase A2 or C resulting in 
the formation of platelet activating factor (55). Triwaglerin appears to activate platelets indepen-
dent of formation of thromboxane A2 and platelet activating factor or release of ADP, suggesting 
the involvement of phospholipase C mediated formation of diacyl glycerol and inositol triphos-
phate (56). However, currently no structural information of these proteins is available.  
Equinatoxin, a cytolysin isolated from sea anemone Actinia equina, also induces platelet aggrega-
tion in washed rabbit platelet suspension (57, 58).  Phospholipase C-mediated phosphoinositide 
breakdown appears to play a role in initiation of platelet aggregation.

Glycoprotein Ib agonists This category of non-enzymatic platelet inducers bind to platelet gly-
coprotein Ib (GP Ib) and leads to platelet aggregation (Table 5). They also induce platelet aggluti-
nation.  Some of the members of this group are mamushigin (59) and alboaggregin A and B (60-
62).  Structurally, these proteins belong to C-type lectin related protein family.  Mamushigin and 
alboaggregin B has two chains, α and β, whereas alboaggregin A contains four chains, A1, A2, A3 
and A4.  Both alboaggregins induce platelet agglutination of human fixed platelets with similar 
potency (62).  However, alboaggregin A is more potent in inducing platelet secretion and aggrega-
tion (62).  These proteins are structurally similar to other GP Ib–binding proteins, such as echice-
tin (63), agkicetin (64), flavocetins (65), tokaracetin (66) and GPIb-BP (67).  However, this latter 
group of proteins inhibits platelet adhesion and aggregation.

II.     Exogenous Factors Requiring Plasma Factors 

Several factors that induce platelet aggregation or agglutination require the presence of plasma 
factor for their activity (Table 6). Botrocetin (also called venom coagglutinin) (68-79) interacts 
with von Willebrand factor (vWF) forming a platelet-active complex, which binds to GPIb result-
ing in platelet agglutination. Bitiscetin, a basic protein, in contrast to acidic botrocetin, also binds 
to vWF and induces platelet agglutination (80).  Both botrocetin and bitiscetin are C-type lectin 
related proteins. Cerastotin induces platelet aggregation of washed platelets in the presence of 
fibrinogen (7).  It also induces agglutination of formalin-treated platelets in the presence of fibrin-
ogen and vWF.   Some proteinases, which activate prothrombin, induce platelet aggregation via 
thrombin formation.  These factors, such as ecarin (81, 82) and Enhydrina schistosa platelet 
aggregating factor (83), require the presence of prothrombin.



III.     Partially Characterized Exogenous Factors 

Several exogenous factors have not been completely characterized in terms of both their structure 
and mode of action.  All these factors have been put together in this group (Table 7).   Two low 
molecular weight protein polysaccharide complexes have been isolated and purified from Trim-
eresurus okinavensis and T. purpureomaculata venoms (84, 85).  These complexes induce ADP 
release and platelet aggregation in platelet rich plasma.  A large acidic mucopolysaccharide from 
Stichopus japonicus Selenka (sea cucumber) also induces platelet aggregation through ADP 
release and cyclooxygenase pathway (86, 87).  This protein requires fibrinogen.  

Acknowledgements

This inventory is derived from the work of the Registry of Exogenous Hemostatic Factors of the 
Scientific and Standardization Committee of the International Society on Thrombosis and Hae-
mostasis.  The members of this registry are Carmen Luisa Arocha-Pinango, Patrizia Gempeler-
Messina, Agnes Henschen, Francis S. Markland, Neville A. Marsh, Takashi Morita, Jan Rosing 
and R. Manjunatha Kini.

References

1. Smith SC, Brinkhous KM. Inventory of exogenous platelet-aggregating agents derived 
from venoms. Thromb Haemost 1991; 66: 259-63.

2. Pirkle H. Thrombin-like enzymes from snake venoms: an updated inventory. Thromb 
Haemost 1998; 79: 675-83.

3. Teng CM, Ko FN.  Comparison of the platelet aggregation induced by three thrombin-
like enzymes of snake venoms and thrombin. Thromb Haemost 1988; 59: 304-9.

4. Nishida S, Fujimura Y, Miura S, Ozaki Y, Usami Y, Suzuki M, Titani K, Yoshida E, Sug-
imoto M, Yoshioka A, Fukui, H. Purification and characterization of bothrombin, a 
fibrinogen-clotting serine protease from the venom of Bothrops jararaca. Bio-
chemistry 1994; 33: 1843-9.

5. Farid TM, Tu AT, El Asmar MF. Effect of cerastobin, a thrombin-like enzyme from 
Cerastes vipera (Egyptian sand snake) venom, on human platelets. Haemostasis 
1990; 20: 296-304.

6. Marrakchi N, Zingali RB, Karoui H, Bon C, El Ayeb M. Cerastocytin, a new thrombin-
like platelet activator from the venom of the Tunisian viper Cerastes cerastes. Bio-
chim Biophys Acta 1995; 1244:147-56.

7. Marrakchi N, Barbouche R, Guermazi S, Karoui H, Bon C, El Ayeb M. Cerastotin, a 
serine protease from Cerastes cerastes venom, with platelet-aggregating and 
agglutinating properties. Eur J Biochem 1997; 247: 121-8.

8. Basheer AR, El Asmar MF, Soslau G. Characterization of a potent platelet aggregation 
inducer from Cerastes cerastes (Egyptian sand viper) venom. Biochim Biophys 
Acta 1995; 1250: 97-109.

9. Djebari LF, Martin Eauclaire MF, Mauco G, Marchot P. Afaâcytin, an a-fibrinogenase 
from Cerastes cerastes (horned viper) venom, activates purified factor X and 
induces serotonin release from human blood platelets. Eur J Biochem 1995; 233: 
756-65.



10. Serrano SM, Matos MF, Mandelbaum FR, Sampaio CA. Basic proteinases from Both-
rops moojeni (Caissaca) venom -- I. Isolation and activity of two serine protein-
ases, MSP 1 and MSP 2, on synthetic substrates and on platelet aggregation. 
Toxicon 1993; 31: 471-81.

11. Serrano SM, Mentele R, Sampaio CA, Fink E. Purification, characterization, and 
amino acid sequence of a serine proteinase, PA-BJ, with platelet-aggregating activ-
ity from the venom of Bothrops jararaca. Biochemistry 1995; 34: 7186-93.

12. Hill Eubanks DC, Parker CG, Lollar P. Differential proteolytic activation of factor 
VIII-von Willebrand factor complex by thrombin. Proc Natl Acad Sci U S A, 1989; 
86: 6508-12.

13. Schmaier AH, Colman RW. Crotalocytin: characterization of the timber rattlesnake 
platelet activating protein. Blood 1980, 56:6 1020-8.

14. Schmaier AH, Claypool W, Colman RW. Crotalocytin: recognition and purification of 
a timber rattlesnake platelet aggregating protein. Blood 1980; 56: 1013-9.

15. Niewiarowski S, Kirby EP, Stocker K. Thrombocytin - a novel platelet activating 
enzyme from Bothrops atrox venom. Thromb Res 1977; 10: 863-9.

16. Kirby EP, Niewiarowski S, Stocker K, Kettner C, Shaw E, Budzynski TM.  Thromb-
ocytin, a serine protease from Bothrops atrox venom. 1. Purification and character-
ization of the enzyme. Biochemistry 1979; 18: 3564-70.

17. Niewiarowski S, Kirby EP, Brudzynski TM, Stocker K. Thrombocytin, a serine pro-
tease from Bothrops atrox venom. 2. Interaction with platelets and plasma-clotting 
factors. Biochemistry 1979; 18: 3570-7.

18. Kubisz P, Arabi A, Seghier F, Cronberg S. Investigations on the effect of thrombocytin 
on platelets. Thromb Res 1984; 33: 225-7.

19. Herzig RH, Ratnoff OD, Shainoff JR. Studies on a procoagulant fraction of southern 
copperhead snake venom: the preferential release of fibrinopeptide B. J Lab Clin 
Med 1970; 76: 451-65.

20. Ouyang C, Teng CM. The action mechanism of the purified platelet aggregation prin-
ciple of Trimeresurus mucrosquamatus venom. Thromb Haemost 1979; 41: 475-
90.

21. Takagi J, Sekiya F, Kasahara K, Inada Y, Saito Y. Venom from southern copperhead 
snake (Agkistrodon contortrix contortrix). II. A unique phospholipase A2 that 
induces platelet aggregation. Toxicon 1988; 26: 199-206.

22. Heinrich D, Beckman S. Phospholipase A2-induced platelet aggregation, release and 
lysis. Thromb Haemost 1979; 42: 246.

23. Ouyang C, Huang TF. Effect of the purified phospholipases A2 from snake and bee 
venoms on rabbit platelet function. Toxicon 1984; 22: 705-18.

24. Teng CM, Kuo YP, Lee LG, Ouyang C.  Effect of cobra venom phospholipase A2 on 
platelet aggregation in comparison with those produced by arachidonic acid and 
lysophophatidylcholine. Thromb Res 1986; 44: 875-86.

25. Teng CM, Chen YH, Ouyang C. Biphasic effect on platelet aggregation by phospholi-
pase a purified from Vipera russelli snake venom. Biochim Biophys Acta 1984; 
772: 393-402.



26. Teng CM, Chen YH, Ouyang CH. Effect of Russell's viper venom phospholipase A on 
blood coagulation and platelet aggregation. Semin Thromb Hemost 1985; 11: 367-
72.

27. Chen RH, Chen YC. Isolation of an acidic phospholipase A2 from the venom of Agki-
strodon acutus (five pace snake) and its effect on platelet aggregation. Toxicon 
1989; 27: 675-82.

28. Mounier C, Vargaftig BB, Franken PA, Verheij HM, Bon C, Touqui L. Platelet secre-
tory phospholipase A2 fails to induce rabbit platelet activation and to release 
arachidonic acid in contrast with venom phospholipases A2. Biochim Biophys 
Acta 1994; 1214: 88-96.

29. Kini RM, Evans HJ. Review article - Effects of snake venom proteins on blood plate-
lets. Toxicon 1990; 28: 1387-422.

30. Kini RM, Evans HJ. Effects of phospholipase A2 enzymes on platelet aggregation.  In: 
Venom Phospholipase A2 Enzymes: Structure, Function and Mechanism. Kini 
RM, ed. Chichester: John Wiley 1997; 369-87.

31. Landucci EC, Condino-Neto A, Perez AC, Hyslop S, Corrado AP, Novello JC, 
Marangoni S, Oliveira B, Antunes E, de Nucci G. Crotoxin induces aggregation of 
human washed platelets. Toxicon 1994; 32: 217-26.

32. Ogilvie ML, Dockter ME, Wenz L, Gartner TK. Isolation and characterization of lac-
tose-binding lectins from the venoms of the snakes Lachesis muta and Dendroas-
pis jamesonii. J Biochem (Tokyo) 1986; 100: 1425-31.

33. Ogilvie ML; Byl JW; Gartner TK. Platelet-aggregation is stimulated by lactose-inhib-
itable snake venom lectins. Thromb Haemost 1989, 62: 704-7.

34. Gartner TK, Stocker K, Williams DC. Thrombolectin: a lectin isolated from Bothrops 
atrox venom. FEBS Lett 1980; 117: 13-6.

35. Gartner TK, Ogilvie ML. Isolation and characterization of three Ca2+-dependent a-
galactoside-specific lectins from snake venoms. Biochem J 1984; 224: 301-7.

36. Vargaftig BB, Prado-Franceschi J, Chignard M, Lefort J, Marlas G. Activation of 
guinea-pig platelets induced by convulxin, a substance extracted from the venom 
of Crotalus durissus cascavella. Eur J Pharmacol 1980; 68: 451-64.

37. Prado-Franceschi J, Brazil OV. Convulxin, a new toxin from the venom of the South 
American rattlesnake Crotalus durissus terrificus. Toxicon 1981; 19: 875-87.

38. Prado-Franceschi J, Tavares DQ, Hertel R, Lobo de Araujo A. Effects of convulxin, a 
toxin from rattlesnake venom, on platelets and leukocytes of anesthetized rabbits. 
Toxicon 1981; 19: 661-6.

39. Marlas G. Purification and preliminary structure of a potent platelet aggregating gly-
coprotein isolated from the venom of Crotalus durissus cascavella. Toxicon 1982; 
20: 289-90.

40. Marlas G, Joseph D, Huet C. I. Isolation and electron microscope studies of a potent 
platelet-aggregating glycoprotein from the venom of Crotalus durissus cascavella. 
Biochimie 1983; 65: 405-16.

41. Marlas G, Joseph D, Huet C. Subunit structure of a potent platelet-activating glycopro-
tein isolated from the venom of Crotalus durissus cascavella. Biochimie 1983; 65: 
619-28.



42. Vargaftig BB, Joseph D, Wal F, Marlas G, Chignard M, Chevance LG. Convulxin-
induced activation of intact and of thrombin-degranulated rabbit platelets: specific 
crossed desensitisation with collagen. Eur J Pharmacol 1983; 92: 57-68.

43. Vargaftig BB. Platelet activation by non-coagulant snake venom components. Toxicon 
1982; 20: 279-87.

44. Francischetti IM, Saliou B, Leduc M, Carlini CR, Hatmi M, Randon J, Faili A, Bon C. 
Convulxin, a potent platelet-aggregating protein from Crotalus durissus terrificus 
venom, specifically binds to platelets. Toxicon 1997; 35: 1217-28.

45. Faili A, Randon J, Francischetti IM, Vargaftig BB, Hatmi M. Convulxin-induced plate-
let aggregation is accompanied by a powerful activation of the phospholipase C 
pathway. Biochem J 1994; 298:87-91.

46. Jandrot-Perrus M, Lagrue AH, Okuma M, Bon C. Adhesion and activation of human 
platelets induced by convulxin involve glycoprotein VI and integrin α2β1. J Biol 
Chem 1997; 272: 27035-41.

47. Ouyang C, Yeh HI, Huang TF. Purification and characterization of a platelet aggrega-
tion inducer from Calloselasma rhodostoma (Malayan pit viper) snake venom. 
Toxicon 1986; 24: 633-43.

48. Huang TF, Liu CZ, Yang SH. Aggretin, a novel platelet-aggregation inducer from 
snake (Calloselasma rhodostoma) venom, activates phospholipase C by acting as a 
glycoprotein Ia/IIa agonist. Biochem J 1995; 309: 1021-7.

49. Shin Y, Morita T. Rhodocytin, a functional novel platelet agonist belonging to the het-
erodimeric C-type lectin family, induces platelet aggregation independently of gly-
coprotein Ib. Biochem Biophys Res Commun 1998; 245: 741-5.

50. Inoue K, Ozaki Y, Satoh K, Wu Y, Yatomi Y, Shin Y, Morita T. Signal transduction 
pathways mediated by glycoprotein Ia/IIa in human platelets: comparison with 
those of glycoprotein VI. Biochem Biophys Res Commun 1999; 256: 114-20. 

51. Ouyang C, Wang JP, Teng CM. A potent platelet aggregation inducer purified from 
Trimeresurus mucrosquamatus snake venom. Biochim Biophys Acta 1980; 630: 
246-53.

52. Teng CM, Liao KK, Wang JP, Lin HS, Ouyang C. Ultrastructure changes and release 
reaction of platelets induced by an aggregation inducer purified from Trimeresurus 
mucrosquamatus (Formosan habu) snake venom. Toxicon 1981; 19:121.

53. Teng CM, Ko FN, Tsai IH, Hung ML, Huang TF. Trimucytin: A collagen-like aggre-
gating inducer isolated from Trimeresurus mucrosquamatus snake venom. Thromb 
Haemost 1993; 69: 286-292.

54. Chen JH, Wan H, Ruan C. Activation of human platelets induced by the aggregoser-
pentin of Trimeresurus mucrosquamatus venom (TMVA). In: Hemostasis and Ani-
mal Venoms. Pirkle, H., Markland, FS, Jr. eds. New York: Marcel Dekker 1988; 
411-21.

55. Ouyang C, Huang TF. A potent platelet aggregation inducer from Trimeresurus 
gramineus snake venom. Biochim Biophys Acta 1983; 761: 126-34.

56. Teng CM, Hung ML, Huang TF, Ouyang C. Triwaglerin: a potent platelet aggregation 
inducer purified from Trimeresurus wagleri snake venom. Biochim Biophys Acta 
1989; 992: 258-64.

57. Ferlan I, Lebez D. Equinatoxin, a lethal protein from Actinia equina -I. Purification 
and characterization. Toxicon 1974; 12: 57-61.



58. Teng CM, Lee LG, Lee CY, Ferlan I. Platelet aggregation induced by equinatoxin. 
Thromb Res 1988; 52: 401-11.

59. Sakurai Y, Fujimura Y, Kokubo T, Imamura K, Kawasaki T, Handa M, Suzuki M, Mat-
sui T, Titani K, Yoshioka A. The cDNA cloning and molecular characterization of 
a snake venom platelet glycoprotein Ib-binding protein, mamushigin, from Agki-
strodon halys blomhoffii venom. Thromb Haemost 1998; 79: 1199-207.

60. Peng M, Lu W, Kirby EP. Alboaggregin-B: a new platelet agonist that binds to platelet 
membrane glycoprotein Ib. Biochemistry 1991; 30: 11529-36.

61. Peng M, Lu W, Kirby EP. Characterization of three alboaggregins purified from Trim-
eresurus albolabris venom. Thromb Haemost 1992; 67: 702-7.

62. Kowalska MA, Tan L, Holt JC, Peng M, Karczewski J, Calvete JJ, Niewiarowski S. 
Alboaggregins A and B. Structure and interaction with human platelets. Thromb 
Haemost 1998; 79: 609-13.

63. Peng M, Lu W, Beviglia L, Niewiarowski S, Kirby EP. Echicetin: a snake venom pro-
tein that inhibits binding of von Willebrand factor and alboaggregins to platelet 
glycoprotein Ib. Blood. 1993; 81: 2321-8.

64. Chen YL, Tsai IH. Functional and sequence characterization of agkicetin, a new glyco-
protein Ib antagonist isolated from Agkistrodon acutus venom.  Biochem Biophys 
Res Commun 1995; 210: 472-7.

65. Taniuchi Y, Kawasaki T, Fujimura Y, Suzuki M, Titani K, Sakai Y, Kaku S, Hisamichi 
N, Satoh N, Takenaka T, Handa M, Sawai Y.  Flavocetin-A and -B, two high 
molecular mass glycoprotein Ib binding proteins with high affinity purified from 
Trimeresurus flavoviridis venom, inhibit platelet aggregation at high shear stress. 
Biochim Biophys Acta1995; 1244: 331-8.

66. Kawasaki T, Taniuchi Y, Hisamichi N, Fujimura Y, Suzuki M, Titani K, Sakai Y, Kaku 
S, Satoh N, Takenaka T, Handa M, Sawai Y.  Tokaracetin, a new platelet antagonist 
that binds to platelet glycoprotein Ib and inhibits von Willebrand factor-dependent 
shear-induced platelet aggregation. Biochem J 1995; 308: 947-53.

67. Fujimura Y, Ikeda Y, Miura S, Yoshida E, Shima H, Nishida S, Suzuki M, Titani K, 
Taniuchi Y, Kawasaki T. Isolation and characterization of jararaca GPIb-BP, a 
snake venom antagonist specific to platelet glycoprotein Ib. Thromb Haemost 
1995; 74: 743-50.

68. Read MS, Shermer RW, Brinkhous KM. Venom coagglutinin: an activator of platelet 
aggregation dependent on von Willebrand factor. Proc Natl Acad Sci U S A 1978; 
75: 4514-8.

69. Brinkhous KM, Read MS. Use of venom coagglutinin and lyophilized platelets in test-
ing for platelet-aggregating von Willebrand factor. Blood 1980; 55: 517-20.

70. Brinkhous KM, Barnes DS, Potter JY, Read MS. Von Willebrand syndrome induced 
by a Bothrops venom factor: bioassay for venom coagglutinin. Proc Natl Acad Sci 
U S A 1981, 78: 3230-4.

71. Brinkhous KM, Read MS, Reddick RL, Griggs TR. Pathophysiology of platelet-aggre-
gating von Willebrand factor: applications of the venom coagglutinin vWF assay. 
Ann N Y Acad Sci 1981; 370: 191-204.

72. Brinkhous KM, Read MS, Fricke WA, Wagner RH. Botrocetin (venom coagglutinin): 
reaction with a broad spectrum of multimeric forms of factor VIII macromolecular 
complex. Proc Natl Acad Sci U S A 1983; 80: 1463-6.



73. Read MS, Potter JY, Brinkhous KM.  Venom coagglutinin for detection of von Wille-
brand factor activity in animal plasmas. J Lab Clin Med 1983; 101: 74-82.

74. Howard MA, Perkin J, Salem HH, Firkin BG. The agglutination of human platelets by 
botrocetin: evidence that botrocetin and ristocetin act at different sites on the factor 
VIII molecule and platelet membrane. Br J Haematol 1984; 57: 25-35.

75. Takahashi H, Nagayama R, Hattori A, Shibata A. Botrocetin- and polybrene-induced 
platelet aggregation in platelet-type von Willebrand disease. Am J Hematol 1985; 
18: 179-89.

76. Fujimura Y, Holland LZ, Ruggeri ZM, Zimmerman TS. The von willebrand factor 
domain-mediating botrocetin-induced binding to glycoprotein IB lies between 
Val449 and Lys728. Blood 1987; 70: 985-8.

77. Sanders WE, Read MS, Reddick RL, Garris JB, Brinkhous KM.  Thrombotic thromb-
ocytopenia with von Willebrand factor deficiency induced by botrocetin. An ani-
mal model. Lab Invest 1988; 59: 443-52.

78. Andrews RK, Booth WJ, Gorman JJ, Castaldi PA, Berndt MC.  Purification of botro-
cetin from Bothrops jararaca venom. Analysis of the botrocetin-mediated interac-
tion between von Willebrand factor and the human platelet membrane 
glycoprotein Ib-IX complex. Biochemistry 1989; 28: 8317-26.

79. Read MS, Smith SV, Lamb MA, Brinkhous KM.  Role of botrocetin in platelet agglu-
tination: formation of an activated complex of botrocetin and von Willebrand fac-
tor. Blood 1989; 74: 1031-5.

80. Hamako J, Matsui T, Suzuki M, Ito M, Makita K, Fujimura Y, Ozeki Y, Titani K. Puri-
fication and characterization of bitiscetin, a novel von Willebrand factor modulator 
protein from Bitis arietans snake venom. Biochem Biophys Res Commun 1996; 
226: 273-9.

81. Ouyang CH, Ma YH, Jih HC, Teng CM. Characterization of the platelet aggregation 
inducer and inhibitor from Echis carinatus snake venom. Biochim Biophys Acta 
1985; 841: 1-7.

82. Teng CM, Ma YH, Ouyang CH. Action mechanism of the platelet aggregation inducer 
and inhibitor from Echis carinatus snake venom. Biochim Biophys Acta 1985; 
841: 8-14.

83. Marshall LR, Herrmann RP. Plasma cofactors necessary for Enhydrina schistosa 
(beaked sea snake) venom to induce platelet aggregation. Thromb Res 1986; 43: 
229-35.

84. Rees RS, Gates C, Timmons S, Des Prez RM, King LE Jr. Plasma components are 
required for platelet activation by the toxin of Loxosceles reclusa. Toxicon 1988; 
26: 1035-45.

85. Davey MG, Esnouf MP. The isolation of a component of the venom of Trimeresurus 
okinavensis that causes the aggregation of blood platelets. Biochem J 1969; 111: 
733-43.

86. Davey MG, Luscher EF. Actions of some coagulant snake venom on blood platelets. 
Nature 1965; 207: 730-2.

87. Li JZ, Lian EC. Aggregation of human platelets by acidic mucopolysaccharide 
extracted from Stichopus japonicus Selenka. Thromb Haemost 1988; 59: 435-9.



88. Li JZ, Lian EC.  Mechanism of rabbit platelet agglutination induced by acidic muco-
polysaccharide extracted from Stichopus japonicus Selenka. Thromb Haemost 
1988; 59: 432-4.

89. Mebs D, Holada K, Kornalik F, Simak J, Vanková H, Muller D, Schoenemann H, 
Lange H, Herrmann HW. Severe coagulopathy after a bite of a green bush viper 
(Atheris squamiger): case report and biochemical analysis of the venom. Toxicon 
1998; 36: 1333-40.

90. Brink S, Steytler JG. Effects of puff-adder venom on coagulation, fibrinolysis and 
platelet aggregation in the baboon. S Afr Med J 1974; 48: 1205-13.

91. Phillips LL, Weiss HJ, Christy NP. Effects of puff adder venom on the coagulation 
mechanism. II. In vitro. Thromb Diath Haemorrh 1973; 30: 499-508.

92. Phillips LL, Weiss HJ, Pessar L, Christy NP. Effects of puff adder venom on the coag-
ulation mechanism. I. In vivo. Toxicon 1973; 11: 423-31.

93. MacKay N, Ferguson JC, McNicol GP. Effects of the venom of the rhinoceros horned 
viper (Bitis nasicornis) on blood coagulation, platelet aggregation, and fibrinoly-
sis. J Clin Pathol 1970; 23: 789-96.

94. Hardy DL, Jeter M, Corrigan JJ, Jr. Envenomation by the northern black tail rattle-
snake (Crotalus molossus molossus): report of two cases and the in vitro effects of 
the venom on fibrinolysis and platelet aggregation. Toxicon 1982; 20: 487-93.

95. Marshall LR, Herrmann RP. Australian snake venoms and their in vitro effect on 
human platelets. Thromb Res 1989; 54: 269-75.

96. Mitrakul C. Effects of green pit viper (Trimeresurus erythrurus and Trimeresurus 
popeorum) venoms on blood coagulation, platelets and the fibrinolytic enzyme 
systems: studies in vivo and in vitro. Am J Clin Pathol 1973; 60: 654-62.

97. Iddon D, Theakston RD. Biological properties of the venom of the red-necked keel-
back snake (Rhabdophis subminiatus). Ann Trop Med Parasitol 1986; 80: 339-44.



Table 1. Serine proteinases with direct action of platelets.

Name Species Physical Properties Mode of action References
Acutin Agkistrodon acutus 33,500 Da thrombin-like

enzyme
Via platelet ADP release 2

Afaâcytin Cerastes cerastes 2 subunits α=(43,000 Da)
and β with constituted of
two disulfide-linked
chains (β=35,500,
β’=10,200 Da), pI= 6.25,

Independent of
prostaglandin/
thromboxane A2 synthesis
pathway. Mechanism
probably similar to that
by ADP and serotonin
release

9

Bothrombin Bothrops jararaca 33,000 Da, 232 aa,
glycoprotein

Bothrombin interaction
with GPIb is directly or
indirectly linked to
activation of GPIIb/IIIa;
requires the presence of
exogenous fibrinogen.

4

Batroxobin Bothrops atrox 42,000 Da, single chain
glycoprotein

Via ADP release 2

Factor VIII
Activating
Enzyme

Bothrops jararacusso 28,000 Da, single chain
polypeptide

Via ADP release 79

Cerastobin Cerastes vipera Thrombin-like enzyme Hydrolyses platelet’s
cytoskeleton such as
actin, actin-binding
protein and P235

5

Cerastocytin Cerastes cerastes 38,000 Da, single
polypeptide, pI>9,
thrombin like enzyme

Via ADP release 6

Crotalocytin Crotalus h. horridus 55,000 Da, single chain
polypeptide

Via prostaglandin
intermediates and
thromboxane formation;
ADP may also be
required

80, 81

Fraction IVa Cerastes cerastes 62,000 Da, dimer, pI>9.6
Serine protease with
thrombin-like enzyme

Mechanism similar to that
of thrombin

8

MSP1

MSP2

Bothrops moojeni 2 glycoprotein species
34,000 and 32,500 Da
Glycoprotein, 38,000 Da

Via platelet ADP release 10

PA-BJ Bothrops jararaca 30 000 Da, 232 aa, single
glycoprotein chain, one
N- and one O- linked
carbohydrate moeity

Similar to that of
thrombin

11

Thrombocytin Bothrops atrox
marajoensis

36 000 Da, single chain
glycoprotein; 5.6 %
carbohydrate

Via ADP release 2,82-85

Venzyme Agkistrodon
contortrix.contortrix

68 000 Da, thrombin-like
enzyme

 86



Table 2. Phospholipase A2 enzymes with direct action of platelets.

Protein Physical
Properties

Mode of action References

Agkistrodon acutus Acidic

PLA2

16,400 Da, pI 4.9 Arachidonic acid release from platelet

membrane phospholipids and the
thromboxane A2 formation

19

Agkistrodon contortrix
contortrix PLA2

14,000 Da, single
chain polypeptide

Independent of arachidonic acid 13

Apis mellifera PLA2 Glycoprotein, 134
aa, single chain

Arachidonic acid release and
thromboxane A2 formation

15

Crotalus durissus terrificus

Crotoxin
Two chain; acidic
nonenzymatic
subunit and basic

PLA2

Independent of the formation of
arachidonic acid metabolites

87

Crotalus t. terrificus PLA2 ----- Arachidonic acid release from platelet
membrane phospholipids and the
thromboxane A2 and prostaglandin

formation

14

Naja naja atra PLA2 Single chain, 119
aa

Arachidonic acid release from platelet
membrane phospholipids and the
thromboxane A2 and prostaglandin

formation

15, 16

Naja mossambica mossambica

PLA2

Single chain, 118
aa

Arachidonic acid release and
thromboxane A2 formation

20

Vipera russelli PLA2 Single chain Arachidonate liberation from platelet
membrane

17, 18

Trimeresurus mucrosquamatus

PLA2

 Single chain Arachidonic acid release and
thromboxane A2 formation

15



Table 3. Lectins with direct action of platelets.

Name Species
Physical

Properties
Mode of actions References

Bushmaster lectins

(BML)

Lachesis muta 28,000 Da, dimer 23, 24

Jameson’s-mamba
lectin

Dendroaspis

jamesonii

26,000 Da,
monomer

25, 26

Thrombolectin Bothrops atrox 28,000 Da, dimer 24, 25

Western cottonmouth
lectin

Ancistrodon

piscivorous

leukostoma

28,000 Da, dimer 24, 26

Western
diamondback
rattlesnake lectin

Crotalus atrox 28,000 Da, dimer

Lectin binding to the platelet

induces platelet secretion
with the activation of GP
IIb/IIIa complexes. Ca2+

dependent.  Interactions

most likely through
carbohydrate recognition
domains.

24, 26

Southern copperhead

lectin

Agkistrodon

contortrix contortrix

28,000 Da, dimer Aggreagtion is induced only

in the presence of lectin
antisera

24, 26



Table 4. Components inducing aggregation via acetyl glyceryl ether phosphorylcholine
(AGEPC) pathway

Name Species Physical Properties Acceptor/Receptor References
Aggregoserpentin Calloselasma

rhodostoma
28,200 Da, 231 aa,
glycoprotein

Not Known 38

Aggretin Calloselasma
rhodostoma

29,000 Da, heterodimer
α=18,000 and
β=15,000 Da)

Most likely GPIa/IIa
agonist

39

Convulxin Crotalus durissus
terrificus
Crotalus durissus
cascavella

300,000 Da,
multisubunit acidic
glycoprotein complex
(α=13,500, β=12,500
Da), 5% carbohydrate

GPVI 27-37

Equinatoxin Actinia equina 20,000 Da, pI 12.5 Not known 48, 49
Platelet
Aggregoserpentin

Trimerusurus
gramineus

43,400 Da, 307 aa,
single chain
glycoprotein

Not known 46

Rhodocytin Calloselasma
rhodostoma

30 000 Da, disulfide-
linked heterodimer
(18,000, 15,000 Da)

GPIa/IIa agonist 40, 41

Trimucytin Trimeresurus
mucrosquamatus

68,000 Da, 340 aa,
single chain, 50 %
carbohydrate, pI 5.4

GPIa/IIa agonist 42-44

Triwaglerin Trimeresurus walgeri 68,000 Da Not known 47



Table 5. Exogenous glycoprotein Ib agonists

Name Species Physical Properties Mode of action References
Alboaggregin-A

Alboaggregin-B

Alboaggregin-C

Trimeresurus
albolabris

52,000   Da , 4
subunits (16,000 -
18,000 Da)
26,000   Da, 2
subunits (17,000 and
1, 000 Da)
121,000 Da, 2
subunits (19,000 and
17,000 Da)

Binds to GPIb
directly and
induces direct
platelet
aggregation

51-53

Mamushigin Agkistrodon halys
blomhoffii

2, 000 Da, disulfide-
linked heterodimer
(17,000, 136 aa,
15,000 Da, 123 aa)

Binds to GPIb and
induces direct
platelet
aggregation

50



Table 6. Exogenous factors requiring plasma cofactor

Name Species Physical Properties Mode of action References
Bitiscetin Bitis arietans 25,000 Da, disulfide-

linked heterodimer (α=
16,000, β= 13,000 Da),
pI 9.1

Bitiscetin binds to vWF
forming a complex
which binds to GPIb
resulting in platelet
agglutination

71

Botrocetin/Venom
coagglutinin

Bothrops jararaca
Bothrops alternatus
Bothropd medusa
Bothrops neuwiedii

26,500 Da, disulfide-
linked heterodimer

Binds to vWF forming a
complex which binds to
GPIb resulting in platelet
aggregation or
agglutination

59-70

Cerastotin Cerastes cerastes 40,000 Da, single chain
glycoprotein, pI 6.6

Requires the presence of
fibrinogen and vWF for
platelet agglutination.
Binding of cerastotin on
GPIb could result in the
secretion of vWF.

7

Ecarin Echis carinatus Metalloproteinase
associated with C-type
lectin related protein

Indirectly by the
conversion of
prothrombin to thrombin

72, 73

Venom Platelet-
Aggregating Factor

Enhydrina schistosa
               

Requires the presence of
prothrombin and Ca 2+

74

Venom Platelet-
Aggregating Factor

Loxosceles reclusa
               

Requires plasma
component, aggregation
via ADP and serotonin
release

88



Table 7. Exogenous factors which induce platelet aggregation through unknown
mechanisms

Name Species Physical Properties Mode of action References
Acidic
mucopolysaccharide

Stichopos japonicus
Selenka

30,000-50,000 Da,
heparin-like substance
containing galactose,
glucuronic acid, fucose
and sulfate

Dependent upon the
release of ADP and
cyclo-oxygenase
pathway; requires the
presence of
fibrinogen

77, 78

Venom Platelet-
Aggregating Factor

Trimeresurus okinavensis 4,000 Da, Protein
polysaccharide complex

Causes ADP release
and aggregation in
PRP

75

Venom Platelet-
Aggregating Factor

Trimeresurus
purpureomaculata

Protein polysaccharide
complex

Causes ADP release
and aggregation in
PRP

76

Venom Platelet-
Aggregating Factor

Atheris squamiger
 

89

Venom Platelet-
Aggregating Factor

Bitis arietans


Via ADP release? 90-92

Venom Platelet-
Aggregating Factor

Bitis nasicornis
 

93

Venom Platelet-
Aggregating Factor

Crotalus m. molossus


Direct action via a
membrane effect?

94

Venom Platelet-
Aggregating Factor

Notechis s.scutatus
Notechis ater flinder
Notechis ater niger
Notechis ater occidentalis
Notechis ater serventyi
Notechis ater humphreysi
Australaps superba
Pseudonaja affinis
Pseudonaja nuchalis
Pseudonaja textilis
Pseudechis australis
Pseudechis papuanus
Pseudechis porphyriacus
Hoplocephalus stephensi
Tropidechis carinatus
Acanthophis antarcticus
Oxyuranus scutellatus
Oxyuranus microlepidotus
Crytophis nigrescens



Direct action on fresh
platelets; irreversible
aggregation with
degranulation

95

Green Pit Viper
Venom Platelet-
Aggregating Factor

Trimeresurus erythrurus
Trimeresurus popeorum  

96

Venom Platelet-
Aggregating Factor

Rhabdophis subminiatus

 

97

Venom Platelet
Aggregating Factor

Trimeresurus flavoviridis
 

95


	Introduction
	EF w/ Dir. Act. on Platelets
	EF Req. Plasma Factors
	Part. Charact. EF
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7

