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Rat© and extent of clot retraction are determining factors in

either oausing or preventing damage in vivo and are in vitro usefi

in diagnosis of various diseases. In clinical riedidne 'the impor

tance of clot retraction has been largely ignored. The therapy 

applied in cases of venous thrombosis is at present administration 

of an anticoagulant. This serves to prevent intravascular coag

ulation of the blood. This therapy is of course quite effective, 

but in certain cases it presents complications. hen a large clot 

has been formed in such a position that it severely impairs or 

prevents circulation and cannot be removed by dissolveraent it must 

be eliminated in surgery. In cases of people prone to thrombosis 

this is not easily done. *he administration of anticoagulants must 

be stopped so that the blood will regain its normal clotting power 

so as to prevent excessive blood loss during surgery. This may 

give rise to other thrombosis. However the retraction of a preform-

sis. Thus if it ware possible to prevent retraction and yet permit 

formation of the clot the problem could be eliminated.

•\nother phase of clot retraction whose importance la not as yet 

fully aopreciated is its u e in diagnosis of homorrhagio diseases.

in sufficient quantity and functioning properly. The coagulation

The information end observations in this thesis 3erve to demon

strate that clot retraction can bs controled.

In order that retraction will take place platelets must be present
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mechanism, both in vivo nd in vitro* is not yet fully understood. 

However it ia possible to demonstrate 3everal phases in the process. 

Platelets are important in all phases. They can be substituted for 

by certain other compounds in all but the final phase. That ia 

clot retraction. Without platelets there is no retraction.

The coagulation mechanism and the forces opposing it are of ut

most importance to the human body. Any upset either hereditary or 

acquired of any phase of the coagulation mechanism ia a serious patho

logical condition. 3ecause of the overall importance of platelets 

any defect or reduction of them ie quite significant. Thrombocyto

penia ia not rare. It occurs not only in hemorrhagic diseases but 

in many infections and anemias. Platelets and subsequently clot re

traction ere vital for the normal healthy human being.



CHAPTER II 

HISTORICAL

Hemorrhagic Disorders

In a number of pathologic conditions there is a marked tendency 

to hemorrhage from the mucous membranes and into the tissue and skin. 

Thia is the prominent feature of a great number of diseases, while in 

some cases hemorrhage is but a symptom of a recognized disease.

In the hemorrhagic diseases the immediate cause usually is a 

disturbance of the clotting mechanism whereby the coagulation time is 

prolonged or the clot is imperfectly formed, ^eficisncy in the com

ponent factors of a number of blood elements may cause the disturbance. 

The diseases vary according to deficiencies which have been found to 

exist. There may be deficiency in number of thrombocytes, leading to 

the formation of a nonretractile clot, as in thrombopenic purpura, 

aplastic anemia and lymphatic leukemia, or alteration of the function 

of the thrombocytes, leading to deficiency of available thromboplastin, 

as in hemophilia, hemorrhagic disease of the newborn and aplastic 

anemia. Some cases are caused by deficiency in amount of fibrinogen, 

as cirrhosis end some acute destructive diseases of the liver associated 

with hemorrhagic symptoms. Lack of vitamin K either from inadequate 

diet or from inadequate absorption in the intestinal tract, as in ob

structive jaundice may cause the disturbance. Excess of antithrombin 

may be a factor in hemorrhagic septicemia and other conditions. A 

hemorrhagic tendency may also result from weakness of the small ves

sels and from emboli.*

The most important things to consider in diagnosis of s hemorrhagic 

disease is family history and previous bleeding of the patient. There



are several cardinal signs of hemorrhagic disease. Among them are
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repeated bleeding from the nosey post tooth extraction hemorrhage,

post tonsilectomy hemorrhage, easy bruicing, rainerisia or prolonged

2
menstrual bleeding, and hemorrhage after childbirth. The presence 

of any o” these six points in the patient1s life is considered to be 

equivocal history. The history of other members of the family and 

previous generations is of great importance in the diagnosis of cer

tain hereditary diseases although it is sometimes difficult to obtain.

Hemophilia ia primarily a hereditary disease although sporadic 

coses have been dsscribed. It is characterized by spontaneous bleed

ing from various parts of the body. The prothrombin t me and bleed

ing time of the patient are normal; the coagulation time is usually 

prolonged. Platelets may be increased in number. They are never de

creased. The olot, once formed, retracts normally. Symptoms of the 

disease are caused by the deficiency of one of the factors of thrombo- 

plastinogen complex. Thromboplastinogen complex ia necessary for 

coagulation and is composed of antihemophiliac globulin, plnsma 

thrombopl^stic component, and plasma thrombopla3tic anticedent. Fresh 

plasma, when given intervenously, will always correct this deficiency.

Idiopathic thrombopenic purpura or purpura hemorrhagioa ia 

characterized clinically by peteehiae or ecchyraoses in the skin as 

well as by hemorrhage from mucous membranes and into various tissues.

The platelet count is reduced, the blasdinr -irae is prolonged, 

the clot is non-retractile j herea -i th coe,(ailation time is essen

tially normal, 3ymptoms of the disease ara ceased by the decreased 

number of platelets and are corrected by the intervenou3 injection 

of platelet enriched plasma.



lntrobe explains the paradox of prolonged bleeding time and normal 

coagulation time with the concept that thrcaabocytopena together with 

defects in the vascular endothelium is the fundamental disorder in 

purpura hemorrhagica.' This allows an understanding of the major 

manifestations of this disease. Platelets may be considered as being 

concerned in arresting hemorrhage in two ways. One is by plugging the 

opening of a bleeding aaall vessel. hen they are greatly reduced in 

number, the agglutlnam formed by the accumulation of platelets is in- 

■uf icient in size or strength to plug the defect. Bleeding time is, 

therefore, prolonged. In addition to this function, plstelet3 play a 

role in initiating coagul tloni This they do by breaking down and 

liberating thromboplastin. For this purpose, not many are needed and 

therefore coagulation time in purpura hemorrhagica is-normal. To bring 

about retraction of the clot however additional platelets are required 

end, these being scarce, the clot fails to retract.

There are two factors necessary for the estivation of thrombo

plastin, one contained in plasma, and the other supplied by platelets. 

Active thromboplastin is formed by the action of thromboplastinogenase 

(an enzymatic agent liberated by platelets) on throaboplaotinogen (a 

plasmatic precursor). The clotting mechanism dependr on the action 

of thromboplastin thus lack of either thromboplastinogen or thrombo

plastinogenase c«.n severely impair the procena. In hemophilia blood 

has adequate thromboplastinogenase, but lack? thromboplastinogen, and 

in thrombocytopenic purpura the reverse is true. If these assumptions 

are correct, addition of hemophilic to thrombocytopenic blood should 

produce a mixture vith a nonsnl clotting meohenisn. Mario Stefanine 

and William li. Jroeby studied -irultaneouoly a case of classic hemo-



philla end one of severe thrombocytopenia of unknown cause. Blood

metric proportions. Clotting time, percentage of prothrombin activity 

in serum, clot retraction, and “accelerator effect" were determined in

each sample and the original blood. »'hen the two bloods were mixed in 

equal volumes the clotting mechanism became normal. As the proportion 

of either blood was increased, prothrombin activity increaeed and 

"accelerator effect” progressively decreased in serum. Even a ratio 

of thrombocytopenic to hemophilic blood of 1s19 reduced clotting time 

to normal. Ci0t retraction classically defective in thrombocytopenia 

became normal. Clot retraction remained in the normal range when 

the ratio of hemophilic to thrombocytopenic blood was 1»5.

Thrombocytopenic purpura has many recognized causes. They in

clude chemicals, physical agents, blood disorders and infections.

Certain drugs produce purpura a,nd thrombocytopenia without 

affecting the red blood cells or leukocytes other than insofar as 

these may be influenced by hemorrhage. Foremost of the drugs are 

organic arsenicals, hyponotic sedormid, gold salts and benzol. In 

soma ca es it was noted that when small doses of such drugs as sed

ormid, organic arsenicals and sulfonamides were given after a time 

lapse from treatment with them purpuric and ecchymotic lesions and 

sometimes slight shock resulted, Moeschlin observed the administration 

of sedormid to sensitive persons to be followed by pronounced thrombo

cytopenia within thirty to sixty minutes, ’iich observations suggest 

that the reaction is an allergic phenomenon associated with platelet 

destruction rather than failure of platelet production. It is note

worthy that peripheral thrombocytopenia has bean obs erved in ex-



perimentally produced anaphalactic shook, although the degree of 

platelet reduction has been variable.'1

Following burns, thrombocytopenia may develop within several 

hours after injury and purpura may be associated. Marked thrombo

cytopenia and purpura have been observed following heat stroke.

Certain leukemins show abnormal platelet counts. In chronic 

lymphatic leukemia thrombocytes are usually decreased. In chronic 

myelogenous leukemia the count is variable, but is generally increased. 

It is much decreased in acute leukemia of eithe form. Exceptionally 

large platelets or forms which are bizarre in shape or in staining 

may be found. Clot retraction is poor.

Thrombocytopenia ha3 been found in a few instances associated 

with bacterially caused fevers. The incidences observed were septi

cemia, typhoid fever, typhus, tuberculosis (although here platelets 

are usually increased), smallpox, vaccinia, acarlet fever, measles, 

and subacute bacterial endocarditis. Thrombocytopenic purpura has 

been noted in cases of lupus erythematosus.1̂ A rare but highly fatal 

disorder has been described by Altechule which is characterized by 

acute thrombocytopenic purpura and wileapread formation of platelet 

thrombi in cspillaries. Although many hemorrhages were found in the 

viscera the outstanding feature st autopsy has been the number of 

thrombotic lesions throughout the body. Ahese have been found to 

consist of masses of platelets.^

Blood Coagulation

Many of the factors involved in the coagulation of blood are 

not as yet well understood and defined, -̂ here are thus many different



theories as to the exact procedure. The most important ones are those 

normulated by Howell, Morawitz and ;uick.® Of these the theory advanc

ed by A.J.Quick ia at thia time the moat generally accepted. It 

corresponds with present advancement in the 9tudy of coagulation and 

seems to give the best explanation for the results of defectiv3 coag

ulation aechanisma.

The process of blood coagulation takes place in a number of dif

ferent steps. After initial reaction of the factor involved any or 

all of the steps may be in progress at the same time. *he component 

which first acta to initiate the coagulation mechanism is a subject 

of dispute even now among investigators. Some claim it may be caused 

in vitro by absorption :-y glaa- of hypothetic anticoagulants which op

pose the activation of the plasma thromboplastin precursors, or in 

vivo injury to tissues may cause elaboration of a small amount of 

thrombin sufficient to activate antihemophilic globulin (AHG) from 

an inert precursor. Platelet agglutination and lysis almost certainly 

represents an early step in the process, proceeded perhaps by the 

activation of AHG. Antiprecursors have been recognized.^ Regardless 

of the initial activator coagulation always takes place in the slow 

and expla-ive phases.

When bleeding begins the blood flows freely at first, then slows 

a little, then stops suddenly. Ahe slow phase of bleeding is first —  

once this is established the explosive phase occurs. This phenomenon 

is due to the presence of an accelerator factor. Thrombin agglutin

ates and destroys platelets to liberate more factors. Labile factor 

seems to be the accelerator factor when in large amounts. It is 

called accelerin. Accelein is activated by the small amounts of
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thrombin present. .hen platelets are destroyed ther9 is released 

large amounts of clotting factors with accelerin.

The various activity that takas place in the different phases
■

'• "-vi ’• <% jL 1 . " A* " / v! - 3 **?•.* • '
or steps of the coagulation mechanism can be fairly well described.

In the fundamental step thrcmboplastinogen and thromboplaatin- 

ogenaae unite to form thromboplastin. Thromboplaatinogenaae is the

£' ’Ik \ ‘ \  ̂ - V -' ^
platelet component and is formed of platelet factor I, platelet factor

II, and thromboplastic factor, thromboplastinogen is supplied by the 

plasma. Lika platelets plasma contains many coagulation fractions. 

Three of these are contained in the plasma thromboplaatinogen complex.

They are antihemophilic globulin (AKG), plaama thromboplastin con- 

ponent (PTC), and plasma thromboplastin anticedant (PTA). Of these 

the most important is antihemophilic globulin which interacts with 

platelet thromboplastic feetor according to definite quantitative 

proportions. Both are utilized almost completely during the coag

ulation of blood* PTC and PTA have a catalytic function. Other 

plasma factors, faotor X and plaama thromboplastin factor D (PTF-D), 

have a role which is as yet undefined. It has even been postulated 

that they are identical. In all probability they aot a? catalysts. 

Thus platelets interact with several plasma factors to form thrombo

plastin. ihromboplastin or its equivalent in the clott'ng proceBa is 

also found in the aqueous extracts of many tissues.9

In the next step prothrombin found in the prothrombin complex 

ie converted to thrombin. 3everal components are necessary for this 

transaction. Two factors of plasma, labile and stable factor, play 

a double part. They, with prothrombin, make up the prothrombin com

plex which in the presence of converting complex forme a small



quantity of thrombin. They ere also active constituents of the cats- 

lytic converting complex »hose other components are thromboplastin 

end calcium.

As thrombin is formed more platelets are utilized and labile 

factor is activated to serum accelerator, -̂ nd ao the platelete are
v ' v.. ' .* ;V- "■ ' • ..:k - ‘ ‘ _ , j ■  ̂••

broken down more thromboplastin can be produced. This increased 

activation of the mechanism causes the explosive phase of blood coag

ulation.

Thromboplastin, stable factor, calcium, and serum accelerator 

form another converting complex. This catalyses the conversion of 

prothrombin into a large quantity of thrombin* A product of platelet 

disintegration, platelet factor I, causes acceleration of thrombin 

formation.

According to Stefanini and Dameshek thrombin represents the key 

substance in the autooatalytio-like mechanism of blood coagulation.

It causes further agglutination and lysis of platelets, which produces 

the release of several platelet constituents participating in blood 

coagulation. A plasma factor may co-operate with thrombin in this 

effect. Thrombin activates labile factor to serum accelerator, thus 

increasing greatly the speed of formation and, perhaps, the yield to 

thrombin. Ahen too, thrombin may activate a precursor of antihemo

philic globulin which creates the initial step in coagulation.*0

In the following step a dispersed plasma protein known aa fibrin

ogen is converted by the action of thrombin, and in the presence of 

calcium and platelet factor II, to fibrin. The final stage is retraction 

of the clot. This occurs through the presence of calcium. The clot 

reacts with platelets and with a serum factor.
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Intravascular coagulation is of utmost importance in preventing 

spontaneous hemorrhage. Untold damage can be caused by blood flowing 

unchecked from vessels Into surrounding tissue. Injury to the area* 

as well as discomfort due to blood loss from the circulatory system, 

occurs. iHit even more severe damage may result from unchecked coag

ulation occuring in the vessels themselves. Venous thrombosis is an 

ever present danger whenever a blood vessel has been damaged. In 

order to prevent extensive intravoaoular coagulation there are in 

the blood a number of anticoagulant mechanisms.

Plasma proteins (particularly globulins) are capable of adsorb

ing coagulation factors on their surfaces. This adsorption, although 

nonspecific, is quite effective in decrea-ing the concentration of the 

coagulation agents. The activity of antiacoelerin, or labile factor 

inhibitor, and anticonvertin, or stable factor inhibitor, may be due 

to this absorption. The fibrin clot itself manifests a good anti

coagulant quality in that it absorbs thrombin onto its surface. It 

thus acts as an antithrombin and reduces the speed of the clotting 

process. The thrombin is later released as the clot retracts. Two 

different antithrombopla3tins are found in human serum. One inhibits 

tissue thromboplastin and the other plasma thromboplastin. The tissue 

thromboplastin inhibitor is water soluble, heat labile, and requires 

calcium for its activity. It is inhibited b' prothrombin. Plasma 

thromboplastin inhibitor i?> a lipoid substance which is either ex

tracted or destroyed by heat. Besides the fibrin clot several other 

mechanisms serve to neutralize thrombin. Heparin (traces of which 

are always present in normal blood) can neutralize thrombin in the 

presence of a plaam tic factor, albumin X. The word antithrombin is
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most widely used to mean a heterogenous group of factors found in the 

albumin fraction of plasma and serum. Thrombin is absorbed onto the 

surface of antithroxabin and this reversible combination is known as 

matsthrranbin.

Besides these anticoagulants there is present in blood whet is 

dnown as the fibrinolytic system. This corapetes with the coagulation 

mechanism when it has been activated either by th9 liberation of 

tissue kinases (in which lung and ute ine tissue are rich), by the 

activity of bacteria, or by the liberation adrenalin (alarm reaction). 

Plasma and serum also contain two antigonistic agents. Antifibrino- 

lysin quickly ccmvines with fibrinolysin, at least in vitro, accord

ing to definite quantitative proportions, the reaction being completed 

within two hours, '̂or thie reason, and if no constant supply of 

active fibrinolysin is available, clot lysis is of short duration even 

when massive activation has taken place.*1 In addition, there appears 

to be an endocrine control of the fibrinolysin-antifibrinolysin 

equilibrium, which if not carefully maintained will result in avail

able fibrinolysin in excessive amounts and a state of hemostatic 

unbalance. The pituitary gland mediated through the spleen controls 

the equilibrium by two facora termed aplenin A, which accelerates, 

and splenin B, which decelerates the inactivation of fibrinolysin by 

antifibrinolysin.12

It has been postulated that fibrinolysin may be responsible for 

the initiation of blood clotting, but this has never been experiment

ally demonstrated. At the present it seems that the most important 

function of fibrinolysin and other proteolytic enzymes is the pre

vention of intravascular clotting.



Platelata are small, colorless, moderately refractila bodies, 

usually spherical or oval shaped, "hen stained with one of the 

Romanowsky stains*? they are seen to have pale blue, translucent 

cytoplasm and multiple, fine, azurophilic granules which are usually 

groupad near the center of the platelet. “ nucleus hog nevsr been 

satisfactorily demonstrated in the pi telet.

Platelets may vary from 0.5 to 5 micro in diameter; the average 

size for the platelet is 2 to b micro in diameter and the overage 

volume is 7 to 8 cubic micra. They are usually seen clumped in groups 

becous of their adhesive property and may be considered as packages 

of tissue. *he volume of packed platelets in normal blood is about 

O.Jcc. per lOOcc. of blood.

On the as umption that platelets undergo orderly maturation which 

is detectable by morphological criteria, differential studies of plate

lets, similar to those make of leukocytes, have been made. Platelets 

have been classified cn the basis of size, size and staining, amount 

of granulation, shape, size and type of granulation, and, most recently, 

on the basis of the depthoof ooloring of the platelet hyaloplasm, the 

presence or not of vacuoles, the size, number, position and intensity 

of ptaining of the granules, as well as the size and shape of the 

platelet as a whole. On these grounds young and old forms, degenera

tion forms, normal and pathological "irritation" forms, and primitive 

types hove been distinguished. Basophilic staining of the cytoplasm 

has been assumed to be evidence of youth, vacuolization of old age.

Largs forms have been noted often when platelat formation was active. 

Deep staining of the ranules and eccentric position of the granules

?latolgt3
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have bean considered indications of full maturity, ^all platelets 

have been said to have a higher agglutinative property than larger 

ones and to be, therefore, functionally more active.*^*

There is some evidence that platelets consume oxygen, suggesting 

thereby that the platelet is a living element.15 Platelets contain 

oxidase and catalese, but possess no proteolytic enzymes, ^ther enzy

matic agents found in the platelet particle are amylase, tyrosinase, 

tryptase, histaminase, acetylcholine esterase, and some other esters, 

alkaline phosphatase, phosphomonesterase, acid pyrophosphatase, acid 

phosphatase and possibly hyaluronidase and mtetaglucoronidase

The normal number of platelets ranges from 250,OCX) to 550,000 per 

cubic millimeter of blood. Physiologic variation in number of plate

lets (thrombocytes) is marked. Ahe number increases as one ascends to 

a higher altitude and i3 higher in winter than in summer. There are 

unexplained variations from day to day; hence, a single abnormal 

count does not always indicate a pathological contition. for these 

reasons the normal clinical values are held at foom 200,000 to 400,000 

platelets per cubic millimeter. The normal life of the thrombocyte 

is estimated to be about f<jur days. Even when platelets are present 

in normal numbers, they may be functionally defective.

PYagility of humban platelets starts at a concentration of about 

O.A4f5 sodium chloride and is complete at a concentration of about 

0.j5ty&* The serotonin or vasoconstrictor "actor released from the 

platelet increases with the gradual disintegration as the saline con

centration falls.l^

Although there is still some doubt as to the origin of blood 

platelets it has been best demonstrated that they are produced in the



bons marrow. They are detached portions of the cytoplasm of megakaryo

cytes, These ceils are 8itunt*d in the bone marrow and are generally 

too large to be carried out by means of the small blood vessels into 

the peripheral circulation* Megakaryocytes are scattered evenly among 

the other elements of the bone marrow and are so situated in relation 

to the blood vessels that their long pseudopodia-like excrescences on 

the surface become pinched off and enter the blood stream *s platelets.

Megakaryocytes are giant cells of the bone marrow, Some of them 

have a diameter of k) microns. The nucleus is deeply sonstricted in 

many place?:; the lobes bulge atthe periphery, while their central 

parts are interconnected by short, branched stalks. The interior of 

the nucleus shows a chromatin network and indistinct nucleoli. In the 

living cell the abundant cytoplasm is hsmogenous and contains many 

groups of centrioles scattered in the furrows of the nuclear surface. 

Mitochondria and a Golgi net have also been described.1? Large quanti

ties of agurophile granules have been demonstrated with special fix

ation and staining. These may be distributed over the cell body, but 

are also found in small dense groups.

R’ree stem cells or hemocytoblasts are the precursors of the cells 

of megagaryocytes and all other myeloid elements. *hey vary in siea, 

the largest measuring 15 microns, and are scattered or in groups of 

two or four.IS

The immediate precursors of the megakaryocytes are the megakaryo- 

blasts. ‘'‘egakaryoblasts are bo microns or more in diameter. The 

nucleus is large, irregular, and finely reticulated with distinct 

nucleous. The chromotin ia finely reticulated. The cytoplaoa is light 

blue and ssall in amount,19 There are no granules present, t coll
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celled promegaicaryocyte has been described which differs from the mega

karyocyte in having a somewhat finer chromatin structure and nucleoli 

in the nucleus and a tendency to fewer azurophilic granules in the 

cytoplasm. Ahis may be an intermediate between the megakaryocyte an ': 

megakaryoblast, It varies from 20 to 50 microns in diameter and is 

increased in number in sternal marrow in megaksryocytic leukemias.

Bloom describe® the formation of megakaryocytes from hemocytoblasts 

or stem cells without naming the cells developed in the various stages. 

The first stage is hypertrophy of the nucleus, which then becomes 

constricted in several places. Then follows a series of peculiar mitotic 

division*?, which concern only the nucleus, the centrioles divide into 

several groups, and a complex spindle with several poles arises. The 

chraraosoHias are arranged in se veral equilateral plane a and give rise to 

several daughter nuclei. There is no coi striction of the cytoplasm, 

and the daughter nuclei at once fbse into a new, larger, nucleus, a 

After an interval a new mitosis with still more centers occurs, the 

daughter nuclei again fUse in the telophase, and the quantity of 

chromatin and the number of the centrioles again increase, Ahe exact 

number of mitosis is not known. Sooner of later the cell degenerates; 

the giant nucleus shrinks, the cytoplamm disintegrates, and the final 

result is a nakred, shrunken, remnant,20

The rate of platelet production from mature megakaryocytes varies 

considerably. The production per day can be near 100,000, nnd the 

entire number in the circulation can be replaced in three to five days.

There exists in platelets grou>a A, B, and AB, corresponding to 

these groups in the red blood cells. Blood platelets of group A may 

be divided into sui£ oups and A2 , displaying reactions in agglutin

ation, absorption, and elution experiments similar to those of oorres-
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ponding subgroups of erythrocytes.21 Thus, it is possible for iso-

■

sensitization to occur against platelets. As in erythrocytes no 

agglutinogens are found in platelets of people of blood group 0,

So intrinsic is the action of platelets in the hemostatie 

process that in the occasion of their impairment of deficiency the 

mechanism is severely hir.dered. Platelets either initiate or take 

part in every step of the raaohanism, Ahe activity of these small 

particles is related not only to their composition, but to their very 

siz-3 and shape, as well as the numbers present in t 3 vascular system.

Because of the necessity of applying specialized therapy in thrombo

cytopenic diseases of different causes it is neoessary to make a 

specific diagnosis, -‘•his can be done only with a full knowledge of the 

disorder possibilities.

Stsfonini describes the he.-aostatic process as taking place in two 

phases, the first being temporary and the second permanent. Immediately 

after injury to a normal ves-el and under normal blood conditions a 

reflex loc lized vasoconstriction takes place and there is a slowing 

of circulation within the vessel, a vasoconstrictor agent, serotonin 

(5-hydroxyptamine), is supplied bytfca platelets who also act to 

mechanically plug the area of in ury to the vessel. Ahen agglutination 

of the platelets occurs releasing more serotonin and causing prolonga

tion of the vasoconstriction which is more generalized. Coagulation 

of blood occurs. The platelet releases several factors important in 

blood coagulation, Thromboplastic factor (PTP) ia a heat stable, water 

Insoluble substance high in phospholipid content, PTF co-operates in 

the initial stares of coagulation in the formation of thromboplastin* 

it is found m - inly in platelets, but also in tis ue and other blood
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cells. Platelet factor I accelerates the form' lion of thrombin from

prothrombin. It is a water soluble* heat labile substance, which may 

similar or identical to serum Ac-globulin or serum accelerator (serum 

factor V). Platelet factor II ia also water soluble, but demonstrates 

heat stable properties and accelerates formation of fibrin from fibrin

ogen* Platelet factor III 13 an antihepsrin. A retractoenzyme has 

been postulated to co-operate with the mechanical facility of the plate

let in promoting clot retraction. It has also been theorized that 

Berotpnin has an influence on the clot retraction. The presence of 

antifibrinolysin is assumed, but has wot as yet been proven. It may 

represent a serum fraction rather than platelet, numerous ensymes have 

been isolated and there is an unidentified hypotensive principle also 

present in platelets.

Following retraction of the clot permanent hemostasis sets in. 

Organization of the clot occure. This consists in its being invaded 

by comnective tissue. The gop in the vessel wail is permanently Besled 

off.. Finally recanalization of the vessel &nd extention oP a new endo

thelial interior lining takes place.-'5
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Clot Retraction 
■*»

tftien damage is dome to the interior wall of a vein a clot forme 

and upon retraction sdberes firmly to the injured surface. In time 

epithelial cells invade the clot and a now membrane is formed. But 

occasionally the retractability of the clot causes intervenous harm. 

venous thrombosis may occur when the clot is not firmly attached to 

the vessel wall. In retracting the olot expella 9erum in which throm

bin is present due to platelet destruction. Ahe serum causes formation 

of another clot around the original thrombosis, which will in turn re

tract causing the same results, this occurs only in veins in which 

circulation is slow. Any rapid flow would serve to wash away the ex

pelled 3erum. Elaboration of the thrombosis in the direction of the 

circulation flow can severely damage the function of the veasal and at 

times may completely block branching veins.

A number of factors influence rate and extent of clot retraction; 

number of platelets, thrombin and fibrinogen concentration, the surface 

surrounding the clot, relationship of erythrocyte mass to fibrinogen 

content, and the serum calciun -v*l. Of these the number of platelets 

ia perhaps the me t Lapprtant. t clot wiii show no retraction if the 

platelet count is below 70,000. ^generating platelets can be demon

strated by impaired clot retraotion. Besides these there is an enzyme 

within the platelet itaelf which controls retraction. This yalaaere
A

has been isolated by Farina2 and is known simply as retrnctoenzyme.

The pi: telat acts as a center to which fibrin is attached, "nd 

by nn unknown mechanism platelets serve to orient the polymerization 

of fibrin taking placa in the clotting, -ome platelets to which 

fibrin is attached are broken down in the coagulation mechanism, but
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the fibrin threads remain attached. However, if the platelets are

undergoing degeneration before the fibrin has attached to th ir surfaces 

the attachment will not take place.

An explanation of the physical action of platelets on clot re- 
*

traction has been made on the basis of observations and existing imow- 

ledga of gels.

D® Roberts observed that elongated molecular chains even at low 

concentrations have a marked interaction. Th? bonds involved in these
'

interaction may vary in strength from covalent or salt linkages to 

hydrogen bonds and van der -aai forces, the stability and other mechan

ical properties of gels are dependent on the number and varying strength 

of these bonds. If there is a continuous increase in the numbe and 

strength of the points of interaction a contraction of the gel and 

expulsion of the liquid phase may result. The funetion of the platelets 

in clot retraction is probably to increase the number of interacting 

junctions. It seems possible that at the surface of these intact plate

lets forces of adhesion develop which hold and orient the molecular 

chains of fibrin and that the total number of bonds increases with the 

progress in the polymerization of the fibrin.2 **

In injured or disintegrating platelets the adhesive property is 

damaged. The fibrin threads do not interact and the clot retraction 

is impaired.

The amount of fibrin available for clot retraction also determines 

its size and extent. In liver diseases when fibrin formation is im

paired a sufficient amount for good retraction is not available.

The width of fibrin strands also regulates retree ion. Wide 

etraids generally result in poor retraction. The width of fibrin is



in inverse relation hip to the concentration of thrombin. Thus in
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any severe defect of the coagulation mechanism where formation of throm 

bin ia lessened the retraction of the olot ia also affected.

ribrin strands are entirely passive in the process of clot 

retraction. The width of the fibrin 3trands remains unmodified during 

the retraction of the clot. These strande are Irawn together by mechan 

icai mechanisms which have not yet been identified in detail, but 

which are concerned with the platelets which are present in clusters 

at each point of junction of the fibrin network.



CHAPTER III 

MATERIALS AND METHODS

The observations reported in this thesis were made oh patients 

at oacred Heart Hospital, Spokane, .ashington. Each patient upon ad

mittance to the hospital had a urine analysis and complete blood 

count. These were routinettest3. However in the cases reported here 

several other teats, specific for the coagulation mechanism,were pre

formed.

Complete Blood Count

This consists of a erythrocyte count, leucocyte count, hemoglobin 

content determination, and a differiential count of the leukocytea.

The leukocyte count was determined microscopically using 1% HCl 

and 1' glacial acetic acid as diluting fluids. The erythrocyte count 

was determined by the Hemoscope photoelectric colorimeter using Gower's 

solution?0 A Leitz photoelectric colorimeter was used to determine 

hemoglobin as oxyhemoglobin. To dilute the blood and form a solution 

of oxyhemoglobin 0.1$ NeCO^ was employed. Blood sraeers for differiental 

examination were stained with Wright's stain.

Platelet Count

The direct method was employed for enumeration of blood platelets. 

In this method blood from the finger of a patient is diluted 1 1200 

with Reese and ^cker stain (brilliant cresol blue). The solution is 

then subjected to prolonged aggitation and plated onto a hamocytometer. 

The platelets, which appear as pale blue cells, in 1 square millimeter



are counted and from this the number of platelets per cubic milli

meter of blood is determined, The following calculation i3 used:

200 (dilution) x 10 (depth of hemocytometer) x 1 (sq. mm. counted) 

equals the number of platelets per cubic millimeter of blood.

Platelet differiential

Arensburger's method27 was used to classify platelets. This method 

divides them into four groups. All platelets 1,8 microns in diameter 

of smeller are placed in group 1, those approximately 2.5 microns in 

group 2, those approximately J.6 microns or larger in group end ir

regularly shaped platelets in group A.

Bleeding Time

A hemolet was used to prick the lobe of the ear. A piece of filter 

paper was used to absorb the blood. An accurate stop watch wag used 

to measure the length of time th> t the blood continued to flow from the 

ear.

Coagulation Time

The Lee and -hite method21' was used in all cases. The two syringe 

technique was applied whenever possible. Here the tourniquet is re

leased from the upper arm of the patient as soon as a clean venal 

puncture h;s been made with a 21 bore needle. A 3mall amount of blood 

is dra -n into the syringe and the syringe is removed from the n e^le 

and another syringe is put in place, -^ough blood is withdrawn to 

allow 1 cc. to be placed in each of three small test tubes. 1’he
X

stop watch is started when blood appears in the first syringe and is



atoped when the blood in tube #5 has clotted. Tubes jfl and |2 are 

tilted in turn at fO ?econd intervals until both have clotted. Only 

then is tube tilted,

Konnala

Erythrocytes —  4,000,000 to 5*500,000 per cubic millimeter (woften),

4,500,000 to 6,000,000 per cubic millimeter (men).

Leukocytes —  5»000 to 10,000 per cubic millimeter.

Hemoglobin —  12.6 to 16 grams per 100 cc. (woman), l4 to 18 grans per 

100 cc. (men).

Leukocyte differential —  juveniles - 0 to 1%, bands - 2 to 6%, neutro 

phils - 50 to 70 eosinophils - 1 to basophils - 0 to lympho

cytes - 20 to 40;', monocytes - 2 to '&%,

Platelet count —  200,000 to 400,000 per cubic 'aillimeter of blood. 

Platelet differential —  group 1 - 19%» group 2 - 6j/s, group 5 - 17%,  

group 4 - 1$.

Bleeding tine —  1 to 5 minutes.

Coagulation time —  6 to 1J minutes.

Bene Marrow Bjpppay

Marrow from the sternum is aspirated by a pathologist, i'he 

marrow is stained vdth Wrights stain and the cell3 are differentiated 

microscopically.

Individuals Used in Observations

Leukemia patients were used because of the abnormally low 

platelet counts they demonstrate. Leukemia affects the coagulation
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mechanism only through the platelets thus making use of their blood 

specific for this defect.

A woman with thrombocytopenic purpura was observed. This disease 

ia caused by a severe reduction of platelets and is one of the most 

important of the hemorrhagic disorders.

The coagulation mechanism of a male adult psti nt with cirrhosis 

liver was observed. This was done to test the action of fibrin on 

ability of a preformed clot to retract.



. CHAPTER TV

OBSERVATIONS

Qaae Report of Thrombooenlc Purpura

A 24 year old woman wa^ admitted to Sacred Heart Hospital with

signs of internal bleeding. Her history showed prolonged bleeding for 

several yeare. A routine blood count showed an erythrocyte count of

4,000,000 per c. mm., and a hemoglobin of 12.8 grams or 89«5/*» a«<l a 

leukocyte count of 7,400 per c. mm. with a differential count of 4jj& 

neutrophils, eosinophila, lymphocytes, and 7% monocyte3.

A positive 1Himple-Leede test indicated an upset in the coagulation 

mechanism. This phenomenon was demonstrated by applying a tourniquet 

to the upper arm for ten minutes. Multiple petechiae appeared on the 

arm below the pre-‘ure as occurs in certain hemorshagic diathesis.

The coagulation time was 18.0 minutes wheres the normal is 6 to 

1J minutes. The bleeding time was 2 minutes, 5 3 conds. But the 

prothrombin time, 14.6 seconds or 66f-, was slightly prolonged.

The platelet count indicated thrombopenic purpura. 7^,000 plate- 

lets per c. mm. were present. Ahe clot retraction was poor. *he 

clot was ill formed and spongy. A differential platelet count was done 

and showed a shift to presence of omaller platelets then normal.

Group 1 —  68%, group 2 —  2k%, group 5 -- 1%, group 4 —  J%,

The bone marrow presented a normal appearance with good megakaryo

cyte production suggesti } of essential thrombocytic purpura (thrombo

penic or thrombocytopenic purpura) as the underlying disease. The 

following differential count es obtained; neutrophils —  29.2%, 

metamyelocyte eosinophils —  1.4$, eosinophils — < 0.k%, basophils —
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0*2/1, metamyelocyte neutrophil3 —  29-2%, myelocytes —  1J.6& pro

myelocytes —  1.4%, pronoraoblasts —  2.0?o, normoblasts —  6,6%, 

erythroblasts —  0.4%, megaloblasta —  0.2%, megakayrocytes —  present, 

plasma cells —  0.4$, There was no evidence of excessive disentegra- 

tion, infectious mononucleosis, or lupus erythematosus.

Sffect of Decreased Fibrin Content in the Blood on the Coagulation 

Me chanism

Recently a diagnosis o^ cirrhosis liver was established at Sacred 

Heart Hospital. A 5 oc. sample of blood taken from the patient ehowed 

no retraction in 24 or even 48 hours, ihere was a slight, but insig

nificant decreasa in the number of platelets. The count showed

162,000 per cubic millimeter with a differential count of s group 1 —  

65%» group 2 —  25$# group 5 —  ^%, group 4 —  6%. Eeca

Effect of £  3avQre Decrease in Platelets on Clot Retraction

The peripheral blood of a child with acute leukemia showed a 

platelet count of 20,000 par cubic millimeter. The clot showed no 

retraction, “ll other cellular components of the blood were also 

severely decreased. It contained 800 whit>9 blood cells per cubic 

millimeter, 5,4^0,000 red blood cella with a hemoglobin content 

of 9 grama.

An adult male patient with a pjatelet count of 158,000 per cu* 

mm. was found to have lymphatic leukemia. Ahe white blood cell count 

which is normally iccreases in such cases was 51,450 per au. mm* 

However, the hemoglobin which ie usually decreased to an anemic level 

was 15.4 grams or 99.4%. The clot had normal retractive po.er. Ten

29.



days later the patients platelet count hid decreased to 62,000 per 

cubic millimeter. A apacinan of the patisnts blood token this day 

showed normal coagulation, but no retraction.

A sample of blood from a female leukemia patient with a platelet 

count decreased to 86,000 per cubic millimeter showed complete retraction 

in one hour. Ahis olot was 3mall in size and gave evidence of abnormal 

spongy formation. Although the diagnosis of leukemia had been previou ly 

confirmed other eleminte of the blood appeared normal or near normal.

The blood urea nitrogen was 15 miligrams per cent (normal 8 to 15)# the 

hmoglobin was 10.8 grams or 75*5^. The leukocyte count was decreased 

to 2,000 per cubic millimeter. Two weeks later the leukocyte count had 

increased to 5,600,000 per c. mm.,,and the hemoglobin to 15 grams or 

105$. The total protain of the blood which includes fibrinogen was 

6 grams per 100 cc, or blood (normal 6 to 9 mg ). And on this day the 

latelet count was 150,000 per c. am. Two days later the count had 

droped to 98,000 per cu. mm., but the clot on both days demons' rated 

retraction.

Effect of Abnormally ^notlonlng: Platelets on Clot Retraction

A clot retraction teat was preformed on a woman with a bleeding 

time of 5 rainutes and 55 seconds and a platelet count of 272,000 per

o. Btn. detraction was complete in 4 hours. However, the clot was not 

firm and 2/5 of the erythrocyte mass was not entangled in the fibrin 

network. Here other elements of the blood with the exception of plate

lets was nonaal, Tho coagulation time was 8 minutes 55 seconds, the rad 

cell count was 4,250,000 and the hemoglobin was 12,25 gm.,85«5$. The 

white count was 6950 ?®r cubic millimeter.



fibrinogen content of the blood ia not affected. The 76,000 platelets 

per cubic millimeter present in t e patient's oirculatory system were 

sufficient to cause retraction of the preforaed clot. However, assuming 

that platelets act as centers for fibrin attachment in clot retraction, 

one would expect a poorly formed clot due to the severe decrease in the 

number of centers present. This was shown to be true.

This case differed from the typical clinical case in that the 

bleeding time of the patient wa3 normal, fthen platelets are few in 

nu:ber they cannot act to sufficiently stop bleeding. However, the 

action of tiseue jdbe in releasing thromboplastin and thus stimulating 

rapid coagulation must be considered.

It has been as umed that there is no r‘traction of the clot if the 

platelet count is leas than 70,000 per cubic millimeter. Nothing was 

found to disprove this. Blood from two leukemia patients, one with a 

platelet count of 20,000 per cubic millimeter and the other 62,000 per 

cubic millimeter, *a» tested for clot retractabilit/. No r-traction 

ocoured in either ca-e. formal retraction, however, occured in two 

leukemia cases when the platelet counts were 158,000 end 6,000 per 

cubic millimeter, and was also saen in the case of thrombopenic purpura 

hen the platelet count we - 76,000 per cubic millimeter. Thus it was 

observed that by controling the number of platelets in the blood one 

can regulate the ability of the clot to retract.

I* > ’ iH 1*' i ti



The function of platelets which are present in sufficient number 

ia affected in oertain diseases. Thus when prolonged bleeding time 

occurs with normal platelet count defects in the platelet must be sus

pected, A woman with such a phenomin showed normal clot retraction. 

Irowever, the clot was spongy end poorly formed. Disease was caused by 

factors unrelated to the coagulation mechanism and effected it only

through the platelets, the surface of the platelet would not permit
t

normal attachment and subsequent polmerization of the fibrin.

Fibrinogen content of the blood is also important in d o t  re- 

rraction. Wo retraction occured in the case of a patient with cirrhosis 

liver. Here damage to the liver was 00 severe that normal production 

of fibrinogen could not be carried on. ^o although the platelot 

count was 162,000 per cubic millimeter no retraction of the clot occured.

Ahua it can be sesily aeen that tire action of platelets in clot 

retrsetion can be used both to prevent and to diagnose certain diaeasas.
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