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SHIRLEY A. JOHNSON

(April 15, 1922—September 11, 1970)

Our great American, Thomas Jefferson, gave much attention to criteria
whereby he estimated the strength of the mind. He listed four qualities in
the order of their importance: (1) good humor, (2) integrity, (3) industry,
and (4) science. These characteristics can be cultivated. Paying attention
to our godls becomes most profitable when they are accurately established.
In our Memorial Service, I was interested in utilizing to the utmost the mind
qualities exemplified by Shirley Johnson Greenwalt. In each individual these
live and work and grow. ' :

Evidently an imprint of basic value was brought from the Canadlan prai-
rie provinces of Saskatchewan and Alberta where she was born and lived.
Moral soundness, honesty, and uprightness were further nurtured in Vic-
toria College (B. A., 1945) and the Graduate School (Ph.D., 1949) of the
University of Toronto. Character builds itself in the stream of life. With
Shirley Johnson the commonplace affairs generally proved to be viewed in a
special way. Every moment is, of course, new, fresh, and bright, and the one
who takes notice of this is soon noticed. On the occasion of her becoming -
a citizen of the United States of America the oath was administered in just
another room by an official. This time, however, the witnesses knew they
were especially selected. They appeared inlﬁnest dress, and further meaning.
was added by having a special luncheon after the conferring of citizenship.
In her home a dinner or breakfast was prefaced by a short prayer in the
finest religious tradition. An ordinary reprint of my Harvey Lecture was
presented to me under a special cover before a small group of students, and
thus was elevated to extraordinary status. About ten years ago, she and Ti-
bor J. Greenwalt were married. The wedding and the modest reception which
followed were attended by only a few, but were very special to all. The mar-
riage was great news for the little world-family of hematologists. Frequently
I pass the small church in Grosse Pointe Farms, Michigan, where the cer-
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emony took place, and repeatedly it pleases me that this adventure was such
a great success.

For the presentation of a scientific paper by Shirley Johnson a manuscript
was first perfected and then read. The remarks, which carried clearly, were
synchronized precisely with the projection of lantern slides. These were
prepared with meticulous care. With color added, the meaning was easy to
grasp. The quality of the presentation was a supplement to the excellence
of the work itself. Presentations were made at congresses in Paris, Sydney,
Moscow, Istanbul, Vienna, Munich, London, and many another city. These
left impressions which generated respect for experimental work in the
United States, and especially for women in science. This demonstrated that
“all virtue and goodness tend to make men powerful in the world; but they
who aim at the power have not the virtue”” (Newman’s law).

Since Jefferson assigned a high rating to good humor or good-naturedness,
I feel I must introduce another attitude. When Shirley switched from home
economics studies to science technology, it was observed in her characteristic
fashion: “There is more to life than cooking cabbage.” Consider another
incident. Organizing the International Symposium on Platelets at the Henry
Ford Hospital was a laborious extracurricular task, but the work was all
completed efficiently and, as usual, everything was in good order. The sym-
posium was scheduled to begin on a Friday morning in January. About
Thursday noon, or exactly when airplanes from near and far distances were
expected to land with participants, a snowstorm started and made safe
landing at Detroit impossible for several hours. It was observed good-na-
turedly that “the timing of the storm was certainly very accurate.” On an-
other occasion, there was 3 heated discussion at a meeting. It was regarded
as serious because “even Doctor Jones got very peppery.”

The first position after graduation was at Kirksville, Missouri, where the
main effort was devoted to instruction. In 1951, research was begun at Wayne
State University. She was living with her brother and family in Detroit at
the time, and came to the department where I was chairman saying she
wanted to work in physiology. It was our first meeting. On such short notice
it was not possible to provide for funds. There were only prospects, but this
did not stop Doctor Johnson. She began to work on a volunteer basis. This
was an unusual beginning for someone destined to rise to the top ranks.
Years later, the University presented her with one of its centennial medals.
This was in recognition of outstanding scholarship and loyal support of the
ideals and programs of the University.

The work at Wayne State University was begun with enthusiasm and con-
tinued at a high level of productivity later at the Henry Ford Hospital
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(1956-1960), then at Milwaukee County Hospital, the Veterans Adminis-
tration Hospital, and Marquette University in Milwaukee where Doctor
Greenwalt lived. When he became Medical Director, Blood Program, Amer-
ican National Red Cross in Washington, D.C., Doctor Johnson became
Chief of the Thrombosis Research Laboratory of the Veterans Administra-
tion Hospital and held appointments in physiology at George Washington
University and Georgetown University. At each place there was the difficult
task of finding funds and help and arranging the laboratory.

The first experiments at Wayne State University were with blood platelets
and the blood coagulation mechanisms. Quite soon platelets were obtained
in large quantities from bovine plasma, and the substance(s) required to cor-
rect the procoagulant power of hemophilia B plasma was found in serum.
When oral anticoagulants were being used, this substance could not be
found in serum, and its metabolic synthesis was considered to be vitamin K
dependent. A theory was advanced to account for the inactivity of the anti-
hemophilic globulin in serum. Activity was recovered by ether extraction.
Antifibrinolysin activity. was found in platelets. Plasma antithrombin activ-
ities were differentiated. Her studies on functional aberration of platelets in
clinical states became well known. There was a study of the defects in the
blood coagulation mechanisms in polycythemia vera. The morphological
location of platelet factor 3 was studied, as well as the suppression of its
activity in uremia, in macroglobulinemia, and by dextran. The endothelial
supporting function of platelet factor 3 was demonstrated, and this concept
was enlarged. This observation was at the level of basic physiology. During
the course of histological studies on blood clots, Doctor Johnson prepared
herself to do ultrastructural work. The electron microscope was applied
to the study of the physiology of hemostasis. The difficult technology was
mastered in a short time. A careful analysis was made of a sequence of events
in the physiology of hemostasis. A correlation included observations on ul-
trastructural forms, ADP formation, thrombin formation, fibrin formation,
hemostasis, and clot retraction. I quote a summary from a review:

The main function of platelets, the maintenance of hemostasis, depends on
three of their properties, the endothelial supporting function of platelets, the
ability to form hemostatic plugs and to release lipoprotein material (platelet
factor 3). When the number of circulating platelets is reduced the capillary en-
dothelium becomes weakened as platelets are not available to enter the endo-
thelial cytoplasm to support it and the capillary wall ruptures when exposed to mi-
nor trauma. The bleeding through the ruptured vessel wall is arrested by for-
mation of a clump of platelets Torming a hemostatic plug. Damage to the vessel
wall initiates both the coagulation mechanisms and degradation of adenosine
triphosphate. The products of each of these reactions, namely, thrombin and ade-



xiv Dedication

nosine diphosphate, bring about aggregation of platelets to form the hemostatic
plug. These are the platelet functions performed tollowing a transfusion of plate- -
lets into a thrombocytopenic recipient. The platelets remaining in the circu-
lation and which are counted in platelet survival studies are those in excess of
immediate need of the recipient.

During a time span of less'than two decades, Doctor Johnson’s name ap-
peared on almost 100 contributions in journals and books. All of these are
having their impact. Along with this, three important symposia were pro-
grammed. Five books were produced under her leadership and planning. One
~ was coauthored by Tibor J. Greenwalt, while the others contained chapters

by various authors. The titles are impressive and sustain the original in-
“terest in platelets: (1) “Blood Platelets,” (2) “Coagulation and Transfusion
in Clinica! Medicine,” (3) “Physiology of Hemostasis and Thrombosis,”
(4) “Dynamics of Thrombus Formation and Dissolution,” and (5) “The
Circulating Platelet.”

Such is the nature of an inspiring mind that lives on with good humor,
integrity, industry, and science. I quote: “It is not the mere cry of moralists,
and flourish of rhetoricians; but it is noble to seek truth, and it is beautiful
to find it. It is the ancient feeling of the human heart—that knowledge is
better than riches; and it is deeply and sacredly true!” (Sydney Smith).

From my studies in integrative physiology, I learned that 1 am always
gaining. Loss is only apparent. This is a truth which prevails, even if an
event is incomprehensible. It is like the problem of evil, which is solved by
seeing that it is good not understood. So, under trying conditions, I remind

“myself to appreciate all there is, and proceed in a life-affirming manner,

WALTER H. SEEGERS
Washington, D.C.
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PREFACE

In 1951, the first United States Government funds designated for research
into the biochemistry and physiology of platelets became available. The
possibility of atomic warfare created a very practical need for the technical
knowledge required for successful transfusion of platelets into thrombocy-
topenic recipients. It is clear from the type of research which resulted that
the members of the scientific community responsible for awarding these
funds appreciated that practical advances depend on basic knowledge in
biochemistry and physiology.

Interdisciplinary backgrounds and tools were focused on this subject,
and extraordinary productivity has resulted in the last two decades. Such
productivity would only come from a scientific body possessed of health and
excitement. As Sir Kenneth Clark has stated “that civilisation ... requires
confidence—confidence in the society in which one lives, belief in its philos-
ophy, belief in its laws, and confidence in one’s own mental powers” (‘“Civ-
ilisation,” Harper and Row, New York, 1969). While scientific achieve-
ment is not equated with civilization, it is a part of it.

Although all the contributors submitted comprehensive outlines to the
editor before the chapters were written, some repetition of the subject mat-
ter has occurred. In each case there is no repetition of point of view so it
seemed best to leave the chapter contents unchanged. For the reader in-
terested in these subjects it will be invaluable to read about the same topic
from several different vantage points.

The information contained herein has almost all been obtained during
the past twenty years, and, | think, represents one of the milestones in ex-
pansion of biological knowledge. The success of “The Circulating Platelet”
belongs to the contributors, all of whom are authorities in the area they have
written about. Their enthusiasm has made organization of this work a
pleasure. :
SHIRLEY A. JOHNSON

Xvii



CONTENTS
DediCation .. .vvovt ettt eeeetstnssstrstasanrtaanaaeetaanaaoaeaaeass xi
List of CONtIIDULOTS ..o i vii it ier it io s iataerennnssnanesasncnanannsss xv
PrEfaCE - oo oo e te e e e e e e et et e et e e e i it xvii
1. Historical Perspectives and the Blood Platelets
John W. Rebuck
I. The Discoveryof Blood Platelets . ..............ccciiiiieinineene 1
II. Comparative Hematology ............cccoovnnn M eeeeeeeese e .. 7
III. Megakaryocytes and the Origin of Platelets ...............ccoevnnnn 10
IV. Projection ..............ovvieeennns et iiiaeeeeraeei e 13
RO IENCES ..o vttt ietieinenasveassoeeasesoasoanssassanananannss 14
2. Origin, Production, and Life-Span of Blood Platelets
Shirley Ebbe ‘
I. Platelet Production ........ccovviinrirreiiarensiecieinaaneenenns 20
II. Regulation of Platelet Production .............cooiiiieieicinininine 25
III. Platelet DestructiOn ........ccceeeceneresssnranososnescrosarsaasss 28
IV. Distribution of Platelets .........c.coirriiiiiiiiiiiiiinieiain, 34
V. SUMMATY . ..oivirniianneieeanit e acaetratotienepanaaens 39
REfEIENCES . ... oovcvvrerneeerestorasneeneanasertssssnnpassonnaans 39
3. Platelet Morphology
James G. White
L Introduction ..........ccceiinriieneennieneeccnness emterieseaeas 46
1I. General Features of Platelet Morphology ...............oooiiiiinann, 47
III. The Peripheral Zone ........... P N v eeemr i ie e 51
IV. TheSol-Gel ZOne .......ovinititsiterntansisrotossssonrsnscsoanns 58
V. TheOrganelle Zone ...........c.coieiueuriniiinenanians . 79



vi

VI
VIL
VIIL
IX.

I
IIL

IL
1ML
1v.

VL
VIIL

II.
IIL
1v.

VL
VII.
VIIL

Contents

Membrane SYStems ... ... itiriniiiiire ittt 91
Unusual Features of Platelet Morphology ................ .. ... .. .... 94
Structural Physiology ....... ittt e e 99
Conclusions ..........ciiiiiiiiiii i 116
2 £ (- o V= J 117
Energy Metabolism

Rudolf Gross and Wolfgang Schneider
Introduction . ... i e i iee e 123
Energy Metabolism of Thrombocytes ...............cciiiiiiernn. 125
L0007 4703 11T T 179
B A 1= = 0 1+, = U AN 179
Membrane Glycoproteins of Blood Platelets

G. A. Jamieson and D. S. Pepper
Electrokinetic Charge ...........c.cooviiiiiinineneannenannn. e 191
Viral Receptor SIites . ......c.iiitierenerniiieeesaorannnansannnens 192
Carbohydrate Ultrastructure .............cooiiiererininneeeennnnns 194
Polysaccharides ................ e raieserteiessinier e 195
Glucosaminoglycans (Mucopolysaccharides) ......................00 196
GIYCOPIOtBINS . ..ot iiiie e ciiiies e nnnnnananansanaanss 197
Glycolipids . ... cvii i i i et e e 202
2 1 ¢ 11 - 203
Platelet Proteins

Ralph L. Nachman
Historical Background .........oevevevenens e 208
Methodology and General Considerations ............... feeeeaaes - 209
Plasma Proteins Associated with Platelets .............oiieviaeninans 211
Platelet Specific Proteins .............cooeiiiiiiiiirieniiiiiiinss 215
Subcellular Protein Distribution ............... ... coiiiailns e 217
Thrombin Labile Proteins .........coiiuevirennrnrrrccsansoceacnns 220
Protein Synthesis  ........c.ieiuiiiiiiiiiiiiieiieiieeiis i 221
Functional Considerations ............c..ciiiieeterniirascorenanes 221
References ................. et iteseeraeeeeese s 223
Thrombosthenin

Ernst F, Liischer and M. Bettex-Galland
INtroductiON ....iiitiiitiet ettt aat e 225

Properties of Thrombosthenin ...........coviiiierariiieiea e 226



Contents vii

HI. Functioh of Thrombosthenin ...................cciiiiiiiiininnn.. 233

IV. The Physiological Significance of Thrombosthenin ..........,......... 235
V. Discussionand SUMMArY ......... ..ot ierennretineeinneennnns 237
References .................coivviisenn.. et tee e e 238

8. Functions of Platelet Membranes

Aaron J. Marcus, Lenore B. Safier, and Harris L. Ullman

1. Introduction .................. [P 241

II. Collection and Processing of Platelets ..............cccoviiivnnenne. 245
III. Preparation of Platelet Homogenates ........................c. ... 246
IV. Fractionation. and Collection of Subcellular Platelet Particles ....... 248
V. Subcellular Platelet “Compartments™ ............................... 248
VI. Lipids of Platelet Membranes and Granules ......................... 250
VII. Protein and Lipid Relationships in Platelet Membranes ............... 254
VIIL. In Vitro Coagulation Studies on Platelet Membranes and Granules .. ... 255
IX. Summary ... e e 256
|2 £ = 1= 257

9. Platelet Aggregation
Louis M. Aledort

L Introduction .......... ettt e e e e 259
1I. Agents Producing Platelet Aggregation ............................. 260
II. Summary and Conclusions ..........c. ..ottt iiii i, 277
References .......... ... i iiiiniiinnn, L 278

10. Endothelial Supporting Function of Platelets
Shirley A. Johnson

I. Measurement of Vascular Integrity ............... ... civeennn.. 284
II. Mechanism of Red Blood Cell Escape from Intact Capillaries in Thrombo-

CYLOPEIMIA o .ttt ittt e 285

III. Permeability of Endothelium to Tracer Particles in Thrombocytopenia .. 288

IV. Mechanism Whereby Platelets Support the Endothelium ............... 290

B ¢V T 1 o O O 298

ReferenCes ..ot e et e e, 298

11. Role of Platelets in Blood Clotting
Walter H. Seegers

I Introduction . ... ... . i i i e e e e 302
II. Blood Clotting Mechanisms .............c.ciiuiiieinneneeeneneennns 304
III. Platelet-Poor Plasma ..................... A 318

IV. Role of Platelets in Accelerating the Formation of Autoprothrombin C ... 321



vift

VL
VIL
VIIL
IX.

12'

L

III,
Iv.

13.

IL
I11.
Iv.

VL
VIL
VIIL
IX.

14.

1L
1118
Iv.

VL

Contents
Role of Platelets in Accelerating the Formation of Thrombin ............ 22
Two-Stage Reagent Refractory State . ..........ccoiiiieeinininnnnas 326
The Platelet Cofactor ASSaY ... ...covvtuinrteerernnnecncenenannnns 328
Some Platelet Components of Special Relevance in Blood Clotting .. .. .. 340
N1 1171 171 o 47
References .......ccccovveverennnnn teeeeians Cesrraertesietiananes 349
Platelets in Hemostasis and Thrombosis
" Shirley A. Johnson
Introduction .........coiiiiiiiiiiiaiietrineeiotiscatitortiancans 356
Initiation of Changes in Environment in Whlch Platelets Circulate; i.e.,
Changesin Vessel Wall ................ . coiiiiiiieiaiens, e 356
Platelet Aggregation ...........ccciuuinmrraercanniiinairnnnnans 359
Activation of Plasma Prothrombin ................c.cciiiiiiiiaine, n
Description of Changes in the Vessel Wall That Initiate Platelet Aggre-
gation .......... Ceeerrenens e es e .. 378
Sequence of Events ...........cccoiiiiiiiiiiiinnn it arreaeaaa 383
2 = 11— G PP 391
Role of Platelets in Fibrinolysis
Hau C. Kwaan
Introduction .........ciiiiitierriaieeiet ittt e 395
The Fibrinolytic System ........ccoveiiieneerertannniniineansasanns 396
“Proactivator,” and Activator of Fibrinolysis in Platelets ............... 399
Platelets as Releasing Agent of Endothelial Plasminogen Activator ...... 401
Inhibitors of Fibrinolysis in Platelets .................covveviniaaan, 405
Clinical Significance of Role of Platelets in Fibrinolysis ............... 407
Infiuence of Fibrinolysis on Platelet Functions ....................... 409
CONCIISION .. vutver v innsrrrsasneesnsoosuiunseneeesnseneseonns © 410
LTy 11117 o PP 410
References ...........ccovviniiiinnsnns e reseceriae st 411
Immunological Reactiens Involving Platelets
Roger M. Des Prez and Samuel R. Marney, Jr.
INtroduction . ......ciiiitiiiniecoarcesenraneianrnseronasoosans 416
Immune Injury to Rabbit Platelets .................................. 422
Platelet Injury by Bacterial Endotoxin ............ ..ot 445
Other Experimental Models of Rabbit Platelet Injury .................. 447
Platelet Participation in Some Models of Immunologically Induced Tissue
Y10 o 2 ... 450
Immunologically Induced Platelet Injury in Man .................00. 455

R OreDOES .ttt eies teen s eoeneneeansnaearacesenssonsnssasnonans 467



Contents ix

{‘.
15. Clinical Disorders Related to Blood Platelets
E. J. Walter Bowie and Charles A. Owen, Jr.

I. Thrombocytopenia: General ASpects ...............c.oieiemrnvuannn 477
1I. Isoimmune ThromboCytopenias ......oevvuiirieriireiirnnnnnoanns 479
1II. Idiopathic Thrombocytopenic Purpura (ITP) ......................... 482
IV. Secondary Autoimmune Thrombocytopenia ...............ceeeninnns 490
V. Drug-Induced Thrombocytopenia .........c.coviiiiiiiiiiiieiaes 491
VI. Hereditary Thrombocytopenia with Intrinsic Platelet Defect ...... e 493
VII. Thrombocytopenia from Massive Blood Transfusion ................. 494
VIII. Thrombocytopenia with Enlarged Spleen Syndromes .................. 495
IX. Thrombotic Thrombocytopenic Purpura ...........ccvviiieivennne 495
X. Thrombocytopenia in the In‘ravascular Coagulation-Fibrinolysis Syn-
AEOMNIE . vttt ettt ia et et ia et e e 497
XI. Hypoplasia of Bone Marrow ..........coeiiimieriiineeneiaeiieanns 503
XII. Infiltration of the Bone Marrow .........c..ocveieneneennn.. s 506
XIII. Inherited Thrombocytopenias ........covviirrerrrinniniiiaennenans 507
XIV. Megaloblastic Anemias ..........c.cooviiiiiiiniieniiieniiieainanns 509
XV. Thrombocythemia ............cciiiiiiiniiiiiiirirriaerotitninaoss 510
XVI. Qualitative Platelets Defects: General Aspects ........................ 512
XVII. Thrombopathy (Thrombocytopathy) .......... .. .. ..ot 519
XVIII, Thrombasthenia ..........c.ciiiiiinrireiiinneraineretiieeeeennnas 524
XIX. Abnormalities of Platelet Aggregation ...................cciieiinn. 526
XX. von Willebrand’s Disease ............ccovtieieiniiiiiiinirarenrnns 530
XXI. Compound Platelet Diseases .............ivviiiiiiiaiieeiinaeaenn 531

25 T = 4 L -3 s 532

16. Transfusion and Preservation

Seymour Perry and Ronald A. Yankee

I. Historical Review ........... et e et e et 541

II. Platelet Procurement . ............ceviererenaeenennnn e 543

III. Clinical Studies in Thrombocytopenic Recipients .................. ... 551
IV. Adverse Reactions . .........iiiiiiioniinaenninnnesaenanennecnannn 555

V. PreSErVAtION . ... evtit i eeetim i ietaa ettt 557

2 (o5 1T < S A 560

AUthor INdex ...t i et e e 565

Subject Index ................... Nt ata et et 592



HISTORICAL PERSPECTIVES AND
THE BLOOD PLATELETS

JOHN W. REBUCK

. The Discovery of Blood Platelets . . . . . . . . e e e e e e

I 1
A. Discovery Leading to Function . . . . . . . . ... . ... 2

B. Platelet Function . . . . . .« . « « ¢ 4 o« o o v e v e e e 3

II. -Comparative Hematology . . . . . . . . .« « o v o v o oo s 7
A. Invertebrates . . . . . . . e e e e e e e e e e e e e 7

B, Vertebrates . . . . . . v« « o o o o o o e e e e e e e e 8
1II. Megakaryocytes and the Origin of Platelets . . . . . . . . .. . 10
A. Megakaryocytic Function . . . . . . . . .. ..o 10

B. Life-Span Kinetics . . . . . . . . . . v o 0 0 0o 11

C. Megakaryocytic Dysfunction . . . . . . . . . . . .. . ... 12

IV. Projection . . . . . . . P 13

REfErENTeS .« « o + o o o o o s o o ot v o a oo e e e 14

I. THE DISCOVERY OF BLOOD PLATELETS

From this “weathered cloister and worn court” Robb-Smith (1967) has
amassed such an array of early Victorian scientific manuscripts as to
illumine past perspectives and still leave something more to motivate our

That is the Oxford, strong to charm us yet:

Eternal in her beauty and her past.

Lionel Johnson*

* From Oxford written in 1890 and published in Ireland and Other Poems.

1



2 John W. Rebuck

present-day electronic approach to the twenty-first century. The biologist,
unlike the poet, is still confined to the regions circumscribed by his tools and
methods. Blood platelets, increasingly more important as determinants of
therapeutic life-span, demand, however, exact knowledge of their milieu
before they can be studied, indeed, before they can be discovered. »

A. Discovery Leading to Function

Before platelets were discovered then Hewson (1773) must necessarily
devise the first anticoagulants, which were neutral salts such as sodium
sulfate, and discover that hemolysis could be prevented with serum as a
diluent. Only then and with the introduction of the achromatic objective
to overcome the chromatic aberrations in the compound microscope could
Gulliver (cf. Gerber, 1842) describe minute spherules in the blood which
were 2.5 my in diameter and which then transformed to granulated particles
in a few hours. Unfortunately in a later paper as related by Robb-Smith,
Gulliver rejected the concept of a relationship between his minute spherules
and fibrin formation. The second English discoverer of the platelets, William
Addison (1842), observed the beginning of fibrin formation in association
with minute bodies in the bleod; his drawing (his Fig. 1) illustrates a
platelet-fibrin clot. Quite fairly Robb-Smith cites the observations of
platelets by the two Germans Simon (1842) and Zimmerman (1846) in the
very same period. In 1850, T. W. Jones had induced fibrin thrombi by
trauma to the vessel wall in the web of a frog’s foot (1851); his Fig. 2 is an
excellent drawing of an exnerimental thrombus but there is little evidence -
that he envisioned the role of the previously described blood particulate
elements as important in its formation. Similarly Virchow (1858), who
coined the term fibrinogen which he believed was converted into the fibrin
clot, rejected Zimmerman’s observation of small colorless bodies, refractile
and with well-defined outlines as formed elements of anticoagulated blood.
Virchow described the center of the thrombus as composed of fibrin and a
faintly granular substance, but having rejected the identity of the platelets,
missed the significance of the central fibrin-related granular substance.

In 1865 Schultze devised a warm stage and was able to observe the
coalescence of platelets into granular masses, a finding of inestimable
importance concerning platelet aggregation. Osler (1874) was able to extend
this work by finding that there was no tendency for individual platelets to
stick together within the blood vessels of the rat’s connective tissue but if
blood were removed from the animal, the granular masses formed at once.
Furthermore, pseudopodia as “two, three, or even more tail-like processes



