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The Platelet as a Sponge : A Review

By EDWARD ADELSON, JACK J. RHEINCOLD AND WILLIAM Fl. CROSBY

M ANY FUNCTIONS have been ascril)ed to platelets. Johnson and Seegers’

list eleven so-called platekt factors related to clotting. The general be-

lief is that these factors are contained in the platelet structure as derived

from the megakaryocyte. However, since Roskam’s2 classic description of the

“atmosphere plasmatique” of the platelet, a large number of articles in the

coagulation literature give evidence that many of the platelet activities are

derived from materials adsorbed onto the platelet surface from the plasma. The

purpose of this paper is to summarize this evidence. Our viewpoint is admit-

tedly a biased one in favor of the concept that the ability of the platelet to act

as a sponge is a basic function. We believe that the platelet adsorbs and con-

centrates coagulation and other factors and carries them through the circula-

tion. �Vhen a vessel wall is ruptured, the platelet is attracted to the site of in-

jury. Once there, the adsorbed proteins and calcium are somehow triggered to

produce platelet clumping followed by viscous metamorphosis. In the small

vessels this process is sufficient to stop the flow of l)lood. In the larger vessels

hemostasis does not occur until the process continues to fibrin formation. The

platelet surface thus serves as the link relating platelet agglutination and small

vessel hemostasis to coagulation. This theory is in contrast to the generally ac-

cepted concept that hemostasis in arterioles and venules is a thing apart from

l)loOd coagulation.34

The concept of the platelet as a sponge had its beginnings with Roskam’s

work in 1922.2 He has reiterated his concept through the years,5’6 and has

pointed out the close relationship between platelet adhesiveness, clumping and

viscous metamorphosis. These processes are all dependent on the preservation

of the plasma coating on the platelet surface. Bounameaux7’8 has demonstrated

that without this coating, or by modifying this coating, platelet adhesiveness

and clumping are lost. He has also pointed out that those factors on the plate-

let surface which are necessary for platelet adhesiveness are the same factors

which are necessary for blood clotting. L#{252}scher,4541’ like Bounameaux, pictures

viscous metamorphosis as occurring when thrombin is generated on the plate-

let surface. In L#{252}scher’s scheme, this thrombin unites with a plasma cofactor

and calcium to initiate viscous metamorphosis. A protein which he calls “pro-

tein-S” is then extruded from the platelet. This protein, like fibrinogen, clots

under the influence of thrombin. The protein-S clot then spontaneously retracts

and is responsible for the firmness of the platelet aggregates and for the sub-

sequent clot retraction. The entire process is quite similar to coagulation, except
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768 ADELSON, RHEINGOLD AND CROSBY

that protein-S is substituted for fibrinogen. Unlike fibrinogen, protein-S re-

quires adenosine triphosphate ( ATP ) in order to clot and retract.5’ This may

explain the decrease in platelet ATP which occurs with clotting.49

At one time or another, nearly every one of the plasma clotting factors has

been found in or on the platelet:

Calcium

Bounameaux9 has shown that washed platelets clump when exposed to

thromboplastin. This clumping tendency is lost when the platelets are incubated

in citrated or oxalated plasma. A similar loss of clumping ability occurs when

platelets are incubated in saline. However, if calcium is added to the saline

the clumping ability is regained, but the addition of citrated or oxalated plasma

does not restore the clumping ability. Using radioactive calcium, OdelP#{176} was

able to show that the level of platelet calcium radioactivity rose and fell in

parallel with the changing level of plasma calcium radioactivity.

Prothrnnbin

Bounameaux9 incubated washed platelets in plasma that had been depro-

thrombinized by adsorption with barium sulfate. These platelets lost their abil-

ity to clump on exposure to thromboplastin. Addition of fresh oxalated plasma

restored this ability. Addition of normal serum did not. This he interpreted as

demonstrating that prothrombin coats the platelet. Bounameaux1’ was able to

quantify the amount of prothrombin on the platelet surface. After two washings

with saline he found that although the platelets occupy only 1 per cent of the

total plasma volume, they hold on their surface 5 per cent of the total plasma

prothrombin activity.

Factor Viii (Antthenwphilic globulin)

In 1910 SahlP2 demonstrated that normal platelets partially correct the de-

fect of hemophilic plasma and he suggested that platelets carry a substance re-

sponsible for this correction. Feissly confirmed this finding in 1924.13,14 More

recently Duckert,15 Seibert et al.16 and Man&7 have found the adsorption of

antihemophilic globulin on the platelet. Bounameaux1’ was able to demonstrate

this adsorbed antihemophilic globulin on normal platelets by the thromboplas-

tin generation test. Platelets from hemophiliacs lacked the globulin. Repeated

washings of normal platelets removed a small portion of the adsorbed globulin.

If small amounts of antihemophilic globulin were added to the washing fluid,

the amount of adsorbed globulin did not diminish with successive washings.

Factors JX and X (PTC and Stuart factors)

Duckert’5 pointed out that PTC and Stuart factor deficiences are better dem-

onstrated by tissue thromboplastin than by platelet thromboplastin and sug-

gested that this might be due to material adsorbed on the platelet surface.

Bounameaux” was able to demonstrate the presence of adsorbed PTC and

Stuart factor on the platelet surface by the thromboplastin generation test.

These proteins can be washed off more readily than antihemophilic globulin.
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PLATELET AS A SPONGE 769

Platelet factor 3

Perry and Craddock’8 showed that when platelets are incubated in saline for

10 minutes at 37’ C., the substance necessary for the generation of thrombo-

plastin is eluted. This substance can be demonstrated in the supernatant saline

by the thromboplastin generation test, and it can be readsorbed from the saline

by the platelets from which it had been eluted. This substance is probably re-

lated to Seegers’ platelet factor 3. Others, however, believe that platelet factor

2 is a part of platelet structure and is not an adsorbed factor.

Factor V (Proaccelerin)

Platelet factor 1 of Seegers is similar to proaccelerin. In 1947, Mann et al.’9

demonstrated that proaccelerin activity is adsorbed onto platelets. In 1955,

Hjort, Rappaport and Owren2#{176} confirmed this finding. They showed that about

6 per cent of all the proaccelerin activity is adsorbed on the platelet and can-

not be removed by washing. This globulin is activated tenfold by thrombin and

it is therefore more like proaccelerin than accelerin. Platelets from patients

with parahemophilia ( Factor V deficiency ) lack this factor. They are, how-

ever, able to adsorb it during incubation in normal plasma. When normal

platelets are incubated with trypsin, which destroys plasma proaccelerin activ-

ity, the platelet proaccelerin activity is also destroyed, yet the platelet mor-

phology is unchanged. This suggests that the proaccelerin is on the platelet sur-

face rather than inside the platelet. Bounameaux1’ found 37 per cent of plasma

proaccelerin activity on the platelet surface after t�vo washings and confirmed

the fact that it was not readily removed by further washings.

Factor Vii (Stable factor)

Bounameaux1’ found that 2.1 per cent of plasma Stable Factor activity was

Present on the platelet surface from which it could not be removed by two

washings.

Fibrinogen

Many authors2’21’22 have pointed out that the addition of pure thrombin to

washed platelets leads to platelet clumping and viscous metamorphosis fol-

lowed by the formation of a coagulum which is very similar to fibrin. Whether

this coagulum is actually fibrin is uncertain. Evidence against the two being

identical is the occurrence of this coagulum when thrombin is added to plate-

lets from patients with afibrinogenemia.23 However, it is possible that such

patients form minute amounts of fibrinogen, all of which the platelets may

adsorb. This can occur if the platelet surface has a higher affinity for clotting

factors than the plasma.

Seligmann et al.24 and Salmon et al.25 have demonstrated the presence of

fibrinogen in platelet extracts by means of immunoelectrophoresis and agar

diffusion cells using fibrinogen antibody. The addition of thrombin to platelet

extracts caused the formation of the coagulum described by Ware et al.2’ and

simultaneously caused the disappearance of identifiable fibrinogen. Seligmann

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/17/6/767/570248/767.pdf by guest on 19 M

ay 2023



770 ADELSON, RIIEINGOLD AND CROSBY

et al. theorized that fibrinogen is on the platelet surface rather than inside the

platelet because platelet antibodies have antifibrinogen activity. Salmon et al.26

felt that the fibrinogen is inside the platelet since fibrinogen antibodies have

no action against whole platelets but are active against platelet extract.

h4a4� attributed the coagulum which occurs when thrombin is added

to I)lttelets to a substance that lie calls Protein-S and that he believes is similar

to actinoinyosin in its ability to retract. He believes that fibrinogen becomes

involved in the coagulum only secondarily by being trap1)ed in the interstices

of the Protein-S strands.

Antifibrinolysin

Johnson et al.2 found that the coagulum formed by the addition of thrombin

to washed Platelets was resistant to the action of fibrinolvsin. They were able

to show that this resistance was not due to absence of fibrin, l)ut to high levels

of antifibrinolysin in or on the platelets. In fact, a large percentage of all the

antifibrinolysin in whole blood is carried by the platelet. Stefanini et al.27 con-

firmed these findings and also showed that some of this antifibrinolytic activity

could be washed off the platelet and that some was given off by the platelet

during clotting. This favored the theory that antifibrinolysin was adsorbed onto

the platelet.

There is no evidence of the adsorption of fibrinolysin or of antithrombin,’ 1

which suggests that the platelet a(lsorbs those factors which help alit! avoids

those factors which interfere �vith the hemostatic and coagulation mechanism.

The sponge-like activity of the pl�stelet may therefore not be a passive process,

l)ut rather an active and highly selective one.

The studies of Izak et al.233 on the adsorption of sCrOlOni?i by 1)latelets con-

firm the fact that platelet adsorption is an active process. The ability to adsorb

serotonin I)ersists only so long as the platelet is vial)le. These authors use this

ability to adsorb serotonin as a measure of viability.

The selectivity of platelet adsorption is further demonstrated by the evi-

deuce of epinephrine and norepinephrine adsorption.2” Seventy to eighty per

cent of the ilisnia epinephrine activity is carried in or on the I)latelet. These

hormones, along with serotonin, may Play a role in vasoconstrictor phenomena

at the site of platelet clumping. However, the contribution of serotonin to local

vasoconstrictor phenomena at the site of vessel injury is very much in doubt

since loss of platelet serotonin during reserpirle therapy produces no change in

heiiiostasis.’#{176}

That much of platelet adsorption may be an active process requiring the

expenditure of energy is suggested by the finding of adenosine triphosphate

( ATP ) �:)n the I)latelet.� Born et al.47’4� have shown that the ability of the

platelet to adsorb epinephrine, norepinephrine, and serotonin is directly related

to the concentration of platelet ATP. Incidentally, ATP may have the additional

function of supplying energy for the process of coagulation since the platelet

ATP breaks down tiuring coagulation.’

Many enzymes are preset1t on the Pl�ttelet surface from which they are

readily removed by washing. For this reason, \Valler et al.�#{176}carry out their
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PLATELET AS A SPONGE 771

enzyme determinations on unwashed platelets. The concentration of these en-

zymes on the platelet is so much higher than that in the plasma that the

amount of contaminating plasma in the unwashed platelets cannot account for

the platelet levels of the enzymes. Indeed, three of the enzymes which are

readily washed off from the platelets-pyruvatekinase, 3-phosphoglycerate-

1-kinase, and L-a-glycerophosphate dehydrogenase-are not even present in

the plasma. This may argue against the plasma as the source of platelet en-

zymes, or it may indicate the ability of the platelet to clear these enzymes

from the plasma by a process of adsorption and concentration.

In spite of the selectivity of platelet adsorption, there are some substances

adsorbed on the platelet surface which appear to serve no useful purpose.

There is evidence of A and B blood group substances,3’ and Rh0( D ) antigen32

on the platelet. Harrington has suggested that these may be adsorbed onto

the platelet from soluble antigens circulating in the plasma. Platelets also

carry large amounts of histamine,�3 the role of which is not clear.

In addition to the specific substances which coat the platelet, there is evi-

dence of nonspecific coating of platelets by the plasma proteins in which they

are suspended. Ross and Ebert35 found that the isoelectric point of platelets

varied with the suspending medium, whether albumin, serum, gamma globulin,

or hemoglobin. There is also evidence that platelets adsorb particulate material

onto their surface and may thus help to clear the blood of foreign matter such

as bacteria36 and viruses.52 Salvidio and Crosby37 have recently described the

activity of platelets in clearing blood of injected India ink.

The infusion of dextran into normal subjects causes a prolonged bleeding

time, a positive tourniquet test, and impaired prothrombin consumption.38 By

means of carbon-14 tagged dextran, we demonstrated adsorption of dextran

onto the platelet surface.3� This has been confirmed by Ponder4#{176} who found

that dextran alters the rate of movement of platelets as measured by micro-

electrophoresis, and by Ross and Ebert’5 who found that dextran alters the

isoelectric point of platelets. We believe that the bleeding tendency caused by

dextran is due to the entanglement of the macromolecule on the platelet surface

with a resultant interference with the normal function of the platelet. This may

be another example of the platelet’s attempting to clear the blood of foreign

material.

This same phenomenon probably occurs in rnacroglobulinemia and may ac-

count, at least in some measure, for the purpura of that disease. By means

of immunochemical and fluorescent antibody technics, and by electron micro-

scopy, Pachter et al.4’ have detected inacroglobulins coating the platelet in this

disease. It may well be that a similar phenomenon explains the purpura of mu!-

tiple inyeloma and of other hyperglobulinemiizs. In the bleeding tendency of

uremia, certain abnormalities of silicone clotting time and prothrombin con-

sumption have been found.42 Geiger et al.43 have noted an abnormal plasma

phosphatid in uremic blood. This same phosphatid is found by chromatography

of platelet extracts. When normal platelets are incubated in uremic plasma, they

adsorb the abnormal phosphatid. These authors believe that this absorbed phos-

phatid is the cause of uremic bleeding. indeed, in any disease in which the
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772 ADELSON, RHEINGOLD AND CROSBY

plasma contains an abnormal constituent the platelets may adsorb the abnormal

material. Part of the hemostatic defect in cirrhosis44 may be due to such adsorp-

tion.

SUMMARY

This taper summarizes the evidence in favor of the theory that many of the

platelet’s factors are adsorbed onto its surface from the plasma. It is suggested

that this ability of the platelet is one of its basic functions. The pl�itelet adsorbs

coagulation and perhaps vascular factors on its surface and carries them

through the circulation to the area where they are needed most-at the site

of vessel wall injury. This adsorption by the Pl�1telet may be an active

rather than a passive process, since it requires the expenditure of energy

and since it continues only so long as the platelet is viable. In those diseases in

which there is marked abnormality of the plasma proteins, there is evidence to

suggest that associated coagulation and hemostatic defects ma�7 he due to

interference with this “atmosphere plasmatique.”

SUr’�I�IAmo IN INTERLINGUA

Iste articulo sumniarisa he evidentia in favor del theoria quo nuiltes del

factores del plachetta es adsorbite (((1 S� 5u1)erficie ab le I)I�s1i1�1. Es suggerite

que iste capacitate del plachetta es nfl (Ic S� functiones basic. Le plachetta

adsorbe factores de coagulation e l)ossibilemente factores vascular ad su

superficie e porta los per le circulation al region ubi illos es requirite he Plus-

al sito (Iel injuriate p(tri�t(’ vascular. Iste a(lSOrption P�r le I)ltcl1�ttt pote

esser liii � active Pills tosto quo passive, �iroque illo require un

expender do energia e proque ihlo continua solmente durante quo he pl�tc1iet-

ta es viabile. In ille maladias in que il ha anormalitate marcate del proteinas

del plasma, il ha evidentia que suggere que defectos associate coagulational e

hemostatic pote esser causate per interferentia in iste “atmosphere plasmatique.”

REFERENCES

1. Johnson, S. A., and Seegers, W. H.:
Platelet factors related to blood co-

agulation. Bibl. haemat. 7:346-9,

1958.
2. Roskam, J.: Contribution a l’#{233}tudede Ia

physiologie norniale et pathologique

du globulin (plaquette de Bizzozero).

Arch. internat. physiol. 20:241-330,

1922.
3. Zucker, H. D.: Platelet thrombosis in

human hemostasis. Blood 4:631-47,

1949.

4. Zucker, MB.: Platelet agglutination and
vasoconstriction as factors in sponta-
neous hemostasis in normal, thrombo-

cytopoenic, heparinized, and hypopro-

thrombinemic rats. Am. J. Physiol.

148:275-88, 1947.

5. Roskan4, J.: Physiologic Normale et

Pathologiquc du Globulin ( Plaquette

de Bizzozero ) . Paris, Les presses

universitaires de France. 1927.

6. Roskam, J. : L’h#{233}mostase spontan#{233}e.

Paris, Masson et Cie. 1951.

7. Bounameaux, Y. : Du role du calcium

dans l’adhesivit#{233} des plaquettes in

vitro. Compt. rend. soc. biol. 149:

817-9,1955.
8. Bounameaux, Y.: Adhesivit#{233} des pla-

queUes in vitro; du role de divers
elements phasmatiques dont la pro-

thrombin. Compt. rend. soc. biol. 149:

1059-60, 1955.

9. Bounameaux, Y.: Action (he ha thrombo-
plastin stir 1’ adhesivit#{233} des plaquettes

in vitro. Compt. rend. soc. biol. 149:

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/17/6/767/570248/767.pdf by guest on 19 M

ay 2023



PLATELET AS A SPONGE 773

1285-6, 1955.

10. Odell, T. T., and Upton, A. C.: l)istribu-

tion of calcium in platelets lfl(l hone

niarrow in rats. Acta haeniat. 14:

291-3, 1955.

11. flounameaux, Y.: I)osage des facteurs (IC

coagulation contenus dans l’atmos-

ph#{233}re plasmatique (hes plaquette liii-

maines. Rev. Franc. Etudes cliii. ct
l)iOl. 2:52-63, 1957.

12. Sahli, H. : \Veitere Beitrage so Lchre

VOfl (Icr Hiiniophilie. I)eutsches Arch.

kIm. Med. 99:518-56, 1910.

13. Feissly, H. : Recherches stir Ia patho-

genie et Ia therapentique des #{233}tats

h#{233}inophiliques. Schweiz. Med.

\Vchnschr. 54:81-4, 1924.

14. -, and Fried, A.: I)ie Blutphattchen des

Hamophilen Bltites. KIm. \Vchnschr.

3:831-5, 1924.

15. I)uckert, F.: Throtithoplastin plaquet-

taire Ct tissulaire. Schweiz. \‘Ie(l.

Wchnschr. 85:912, 1955.

16. Seihert, H. H., Margolins, A., and Rat-

noff, 0. 1). : Observations on hemo-

philia and parahemophilia. J. Lab.

Clin. \Ie(l. 52:449-62, 1958.

17. Mann, F. D.: Reactivity of hemophiliac

1)h151111 to platelet throinhoplastin. J.
Lab. & Clin. Med. 48:51-4, 1956.

18. Perry, S., and Craddock, C. C. : Platelet

adsorptive properties and platelet ex-

tracts in thromboplastin generation.

Blood 13:177-91, 1958.

19. Mann, F. D., Hum, I’sI., and Magath, T.

B. : Observations on the conversion of
prothrombin to thrombin. Proc. Soc.

Exper. Biol. & Med. 66:33-5, 1947.
20. Hjort, P., Rappaport, S. I., and Owren,

P. A.: Evidence that platelet ac-

celerator (platelet factor 1) is ad-
sorbed plasma proaccelerin. Blood

10:1139-50, 1955.

21. Ware, A. G., Fahey, J. L., and Seegers,

\V. H.: Platelet extracts, fibrin forma-
tion, and interaction of purified pro-

thrombin and throniboplastin. Am. J.
Physiol. 154:140-7, 1948.

22. Johnson, S. A., and Schneider, C. L.:

The existence of antifibrinolysin ac-

tivity in platelets. Science 117:Z29-

30, 1953.

23. Pinniger, J. L., and Prunty, F. T. C.:
Some obs#{128}rvations on the blood clot-

ting mechanism. The role of fibrin-

ogen and platelets with reference to a

case of afibrinogenemia. Brit. J. Ex-

per. Path. 27:200-210, 1946.

24. Sehigmann, NI., Goudemand, B., Janin,

A., Bernard) � and Grabar, P.: etudes

immunochemiques stir ha presence de

fibrinogCne dans des extraits des

plaquettes humaines lavCes et dans

certains extraits leucocytaires. Rev.

heniat. 12:320-27, 1957.

25. Salnion, J., aii(I Bounameaux, Y.: Etudes

(les antig’iies pla(luettes et en partic-

ulier dti fibrinogCne. Thromb. et.

l)iath. Hem. 2:93-110, 1958.

26. -, and -: Situation (Ill fihrinog#{232}ne

d#{233}cCledans les thrombocytes bovine

isolCs et hives. Arch. internat. physiol.

biochemie 65:502-3, 1957.

27. Stefanini, NI., and Murphy, I. S.: Studies

on platelets. XIV. Human platelets as

a source of antifibrinolysin. J. Gun.

Invest. 35:355-61, 1956.
28. Izak, C., Ndken, 1)., and Gurevitch, J.:

Studies on thrombopoiesis. I. Throm-

bocytopoiesis in vitro: Experiments

with aninial and normal human mate-

ial. Blood 12:507-19, 1957.

29. \Veil-Malherbe, H., and Bore. A. I).:

Blood platelets as carriers of adren-

aline and noradrenaline. Nature 174:

557-8, 1954.

30. Shore, P. A.. Pletscher, A., Tomich, E.

C., Kuntznian, R., and Brodie, E. B.:

Release of blood platelet serotonin by

reserpine, and lack of effect on bleed-

ing time. J. Pharmacol. & Exper.

Therap. 1 17:232-6, 1956.

31. �sIoureau, P., and Andre, A.: Blood

groups of human blood platelets.

Nature 174:88, 1954.

32. Ruggieri, P. : La isoantigenicita delle

piastrine uniane; antigeni Rh. Boll.

Istit. Sieroterap. Milanese 35: 196-

201, l956.

33. Le Conipte, J., and Bounameaux, Y.:

Liberation d’ histamine et agglutina-

tion des thrombocytes. Acta allergol.

8:189-97, 1955.
34. Born, C. V. R.: Adenosine triphosphate

in blood platelets. Biochem. J. 62:33

p., 1956.

35. Ross, S. \V., and Ebert, R. V.: Micro-

electrophoresis of blood platelets and

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/17/6/767/570248/767.pdf by guest on 19 M

ay 2023



774 ADELSON, RHEINGOLD AND CROSBY

the effects of dextran. J. Clin. Invest.

38:155-60, 1959.

36. Houlihan, R. B.: Studies on the adhesion

of human blood platelets and bacteria.

Blood 1:142-54, 1947.

37. Salvidio, E., and Crosby, �V. H.:

Thrombocytopenia after intravenous

injection of India ink. J. Lab. & Chin.

Med. 56:711-16, 1980.

38. Adelson, E., Crosby, W. H., and Roeder,

\v. H.: Further studies of a hemo-

static defect caused by intravenous

dextran. J. Lab. & Clin. Med. 45:441-

8, 1959.

39. Rothman, S., Adelson, E., Schwebel, A.,

and Langdell, R. D.: Adsorption of

C� � dextran to human blood platelets

and red cells in vitro. Vox Sang. 2:

104-9, 1957.

40. Ponder, E.: Rev#{234}tement des plaquettes

humaines et des globules rouges par

des dextranes. Rev. heinat. 12:11-15,

1957.

41. Pachter, NI. R., Johnson, S. A., Neblett,

R. T., and Truant, J. P.: Bleeding,

platelets, and macroglobulinemia. Am.

J. Clin. Path. 31:467-82, 1959.
42. Larrain, C., and Adelson, E.: The hemo-

static defect of uremia. Blood 11:

1059-66, 1956.

43. Geiger, NI. T., Sander, J. NI., and Roth,

C. E.: Evidence for a qualitative

platelet defect in uremia. Am. Soc.

Hematology. Second Annual Meeting,

St.� Louis, Nov. 22-24, 1959.

44. Stefanini, M.: The hemorrhagic diathesis

of liver dysfunction and obstructive

jaundice. 3rd Int. Conf. Hematology,

New York, Grune and Stratton, 1951,

pp. 484-94.
45. L#{252}scher, E. F.: Die physiologische Be-

deutung der Thrombocyten. Schweiz.

med. Wchnschr. 86:345-51, 1956.
46. -: Viscous metamorphosis of blood

platelets and clot retraction. Vox.

Sang. 1:133-53, 1956.

47. Born, C. V. R., and Hornykiewicz, 0.:

The proportionality between the up-

take of adrenalin by blood platelets

and their content of adenosine triphos-

phate. J. Physiol. l36:30p-3lp, 1957.

48. -, Ingram, G. I. C., and Stacey, R. S.:

The proportionality between the

amounts of 5-hydroxy-tryptamine and

adenosine triphosphate in blood plate-

lets. J. Physiol. l35:63p-65p, 1957.

49. -: The breakdown of adenosine tn-

phosphate in blood platelets during

clotting. J. Physiol. l33:6lp-62p,

1956.

50. WaIler, H. D., L#{246}hr,C. \V., Grignani,

F., and Gross, H.: Uber den Energie-

stoffwechsel normaher menschhicher
Thronibozyten. Thr. et l)iath. Hem.
3:520-47, 1959.

51. Bettex-Gallend, NI., and L#{252}scher, E. F.:

Extraction of an actinomyosin-like

protein from human thrombocytes.

Nature 184:276-7, 1959.

52. Motulsky, A. C.: Platelet agglutination

by influenza virus. Clin. Res. Proc. 1:

100, 1953.

Edward Adelson, M.D., Associate in Medicine, George Wash-

ington University i%Iedical School, W’ashington, D. C.

Jack I. Rheingold, M.D., Assistant Professor of Medicine,

George Washington University Medical School, Washington,

D.C.

William H. Crosby, Col., Medical Corps, U. S. Army, Director,

Divi.si#{252}n of Medicine and Department of Hematology, Walter

Reed Army Institute of Research, Walter Heed Army Medical

Center, Washington, D. C.

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/17/6/767/570248/767.pdf by guest on 19 M

ay 2023




