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PREFACE,

Most of the literature dealing with the blood platelet is
scattered throughout the journals and periodicals of a number of
countries. I have attempted to review the subject and interpret
the results of others in the light of my own observations, in so
far as that is possible, in an effort to give some idea of the
place of the blood platelet. in Medicine. In order to keep the
text free from the names of too many authors acknowledgment of
much of the work has been made by means of numbers. I accept
responsibility where any interpretation has been put on the work
of others, other than that intended by them.

My own investigations were carried out in Professor
W.K. Hunter's wards at the Royal Infirmary, Glasgow. With the
exception of four, all the cases were treated in these wards.
Cases 2, 3 and 6 attended my dispensary at the Royal Infirmary
and case 13 was a private patient. The diagnosis made in each
case is mine.,

For convenience in referring to the case notes and charts
the appendix has been bound separately.

I have pleasure in acknowledging my indebtedness to
Professor W.K. Hunter for the unlimited freedom he gave me to
investigate the cases under his care and I have to thank‘him
also for his help in obtaining access to a number of papers

to which I should otherwise have been unable to make reference.,
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My thanks are due also to Dr. A.B. MeLean for information
received regarding the dosage of deep X-ray therapy given to
cases 10, 11, 12, 13 and 15, and also to Mr, James Taylor for
permission to follow up cases 18 and 33 after they were
transferred to his wards for operative treatment.

whnachay

GLASGOW, June, 1930.
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THE BLOOD PLATELET,
e

A clinical study and review of the literature.

INTRODUCTION.

It seems to be generally admitted that mammalian blood
platelets were first seen by Donné* who, in the decade previous
to 1850, called them "globulins% About that time the presence in
the blood of what is now recognised as the blood platelet was
also observed by Arnold* in Germany. Some 30 years later the
great French hzmatologist, Hayem, thinking that they were the
precursors of red blood corpuscles, named them "heématoblastes!
It is to Bizzozerc>“3 that we owe the name "blood platelets?®
Because the spindle cells of amphibia and other lower animals
have been regarded as corresponding to the blood platelets of
mammals the platelets have also been designated "thrombocytes?
In the following pagee the terms "blood platelety "platelet}
and "thrombocyte" are regarded as being synonymous and will be
used without discrimination.

The existence of the mammalian blood platelet as a third
morphological element in the blood has been repeatedly affirmed
and denied. In this country the thrombocyte has been treated
with scant attention until comparatively recent years.
Prominent amongst modern authors who oppose the idea that the
platelet is a preformed element in the blood are Buckmaster®?

and Mathews’ both of whom believe that the thrombocyte is

”
# Cited by Degkwitz.



merely a precipitate formed in the altered blood plasma when it

is exposed to pathological conditions, as when it is shed and
coagulation occurs or when, while in the circulation, it is
brought into contact with injured endothelial surfaces and foreign

bodies. Marino'®

failed to observe the presence of blood platelets
when blood was allowed to flow directly into absolute alcohol.

In contradistinction to these observations Roskam'’® showed that
the particles making up the precipitate obtained by cooling
incoagulable peptone plasma, after rendering it free from all
formed elements by centrifuging, bore no resemblance to blood
platelets in shape,size, grouping, refraction, and staining
reaction. Downey'76 observed that 100% alcohol really distorted

the platelets in such a way that, though they were present, they
were difficult to demonstrate. Further, Bedson™ showed that the
specific behaviour of precipitating (anti-serum) serum and of
anti-fibrinogen serum, in that they had no action on the
thrombocytes, definitely disposed of the theory that the platelet
was a precipitate formed from the plasma proteins.

On the whole the evidence in favour of the' thrombocyte
being a product of altered blood plasma is not convincing and
it is now almost universally accepted that the platelet is a
constant preformed element of normal healthy blood. There is
much to be said in support of this view.

In 1882, Bizzozero“® actually saw the platelets and described
their morphological characteristics as they appeared in the blood
circulating in the mesenteric vessels of rabbits and guinea pigs
and since then, his observations have been confirmed by others,
notably by Eberth and Schimmelbusch” Evidence that they are
independent elements of the blood is also afforded by the



following findings:- They are present in the blood of all mamnals

in numbers which are constant within certain limité?uin health

and disease their numbers fluctuate independently of the
erythrocytes and leucocytes as shown by many of the graphs to be
found in the appendix to this work; in health they are approximately
uniform in size, shape, structure and staining reaction; also in
view of the now well-known fact that platelets act as a specific
antigen, the specific action of anti-platelet serum in producing

a thrombocytopenia affords very strong evidence of their being
separate elements of the blood.*

The case for the existence of the blood platelet is further
strengthened if a survey is made of the blood cells of the lower
animels. In birds, frogs, reptiles, other non-mammalian vertebrates
and many invertebrates no platelets exist in the form met with in
mammals, yet there are to be found nucleated cells - thrombocytes,
spindle cells or explosive corpuscles - which have many
characteristics, morphological and functional, in common with
the mammalian blood platelet.** Their cytoplasm is hyaline and
under abnormal conditions disintegrates with extreme rapidity,
they adhere firmly to foreign bodies and agglutinate readily in
shed and circulating blood and they are preserved by the fluids
and greasy surfaces which also preserve mammalian platelets. In
addition they participate in the formation of white thrombi and
are intimately associated with the process of coagulation, and
further, an anti-serum prepared against the bird thrombocyte
produces a thrombocytopenia in much the same way as anti-platelet

133
serum does in mammals.

* References 33, 34, 64, 131, 138, 143, 144 & 156,
** References 2, 23, 43, 184, 185, 208, 209, 210, 212 & 213.



The fact that the thrombocyte in the lower animals is
nucleated is not necessarily an argument against the existence
of corresponding elements in man for it is well known that the
human red corpuscle is non-nucleated while that of animals lower
in the evolutionary scale is nucleated. A parallelism would thus
appear to exist between the erythrocyte and the blood platelet,
as the consensus of opinion declares that the mammalian platelet
is without a nucleus. In this connection however, it should be
mentioned that Bedson and Johnstoﬁ“ in studying the blood
formation in the embryos of rabbits and guinea pigses could not
produce any evidence supporting the view that the platelet in
these animals had a nucleated prefursor. Wright*?> thought that
the platelet of lower animals was rather the homologue of the
mammalian megakaryocyte from which, according to him, the
platelet had its origin.

However the findings of these workers do not detract from
the value of the indirect evidence afforded by the presence of
these highly distinctive and easily discerned nucleated cells
in the blood of lower animals as suggestive proof of the
existence of a third morphological element in the circulating
blood of mammals, namely, the blood platelet.

The question as to whether the blood platelet is a living
element has given rise to a certain amount of speculation and
research. It may be said at the outset that despite the work
which has been done to elucidate this problem no conclusive
evidence has been forthcoming. Achard and Aynaud3 described certain

movements and alteration in form which the platelet underwent
in suitable preserving solutions when it was exposed to

temperatures which were neither too high nor too low to kill it,



In addition to extremes of temperature they found that verious
protoplasmic poisons such as ether, chloroform, cocaine chloral-
hydrate, quinine and potassium cyanide acted on and modified the
form and motility. These observers never at any time noted true
amoeboid movement and they never saw division or multiplication
of platelets.

Further evidence of vital activity in blood platelets is
suggested by the observation that, when suspended in plasma and
preserving solutions at body temperatures, they decolorise dilute
methylene blue solution, the colour reappearing however, when the

suspension is shakenf

Under similar conditions the platelet can
also absorb neutral red, the dye being teken into the interior of
the element and not simply deposited on its surface? These two
actions are abolished by heating to 42 or 43 degrees C., cooling
to freezing point, by the addition of sodium fluoride to the
solution, and in the case of methylene blue, by quinine. Age and
injury also render the thrombocytes ineffective. Achard and Aynaud
thought that the motility, the ability to bring about alteration
in form, and the properties of decolorisation and absorption shown
by the platelets, all of which phenomena can be modified or
abolished by agents which inhibit or destroy vital activity,
argued in favour of the viability of these elements,

The above observations do not definitely establish the living
nature of the platelet but they are highly suggestive. While that
is 80, and in spite of the fact that Warburg”® produced some data to
show that blood platelets respire oxygen, there is no very convincing
proof of the presence of metabolic activity within these elements.
Roskam'?®® thought it necessary to find the respiratory quotient before

the vitality of the platelet could be definitely established.



PLATELET MORPHOLOGY IN HEALTH AND DISEASE,

A well-known characteristic of the thrombocyte is the rapidity
with which it loses its form and shape in shed blood. In order to
keep it morphologically intact and to preserve it from immediate
disintegration it is necessary to examine it in suspension in media
such as the following:-

2% solution of sodium citrate made up in 0.29% solution
of sodium chloride,

ory, 2% to 5% solution of metaphosphate of soda,

or, 14% solution of magnesium sulphate.

In health the platelet varies somewhat in its size, stated by
different authors to vary from 2 to 3 microns’” or from 2 to 5

microns®’

in diameter. By the method of examination adopted in this
work the average normal diameter was found to vary between 2 and 3
microns., Larger or smaller forms were very uncomuon.

In wet preparations the thrombocyte is disc-like, spherical
or oval in shape but at ordinary room temperatures the outline
sometimes becomes irregular, thé cytoplasm being prolonged into

spike-shaped processes of differing lengths and numbers arranged

in a radial manner around the platelet (fig. A).
gf/i Kéﬁ 5 éc
/ <0
A.

Occasionally the free end of these processes becomes enlarged and

spherical the platelet then being surrounded by knob-like or club-
shaped projections. The appearance is that of a granular main body

connected to these non-granular cytoplasmic masses by thin lines



of cytoplasm as, in such forms, it is common to find the granules
congregated together in a dense mass, (fige B & C).

In dry preparations such bizarre forms are not comnonly seen
but in addition to the usual round, oval or slightly irregular
disc-like forms some rather elongated platelets may be observed.
Vhether in wet or dry preparations however all these deviations
in shape from the round, oval or slightly irregular forms may be
regarded as artefacts.

A dry blood film stained with Leishman's stain shows the
platelet to consist of & hyaline or very slightly basophilic
cytoplasm in which are embedded numerous rather fine granules
approximately equal in size and red or reddish violet in colour.
%hen suspended in a suitable solution containing brilliant eresyl
blue the cytoplasm is clear or it has a very faint bluish tinge
and the granules stain a deep blue colour. The granules may be
scattered uniformly throughout the cytoplasm or may be collected
together in the centre, or at the periphery of the platelet.
Wri.ghf?23 considered that these granules were peculiar only to
the thrombocyte and the megakaryocyte.

As for the size of the platelet so also for the number of
granules contained in it, each author, according to his methods,
has a different standard. This is not surprising as even under
normal conditions the number of granules varies within rather
wide limits. Feglef27 found, that in health, 60% to 70% of the
thrombocytes were "rich" in granules while Reimann's’” figures
were 29% to 46%. from an examination of their findings however,
it is apparent that, although the above percentages are so
different, both authors were agreed that the larger the

platelet the fewer were the granules it contained,



Usually the staining reaction of the cytoplasm is hyaline
but in disease forms showing basophilia may be seen. In health
however, basophilic platelets are rare.

The question as to whether the platelet has a nucleus is one
which & number of observers have attempted to answer. Aynaud22
thought that the thrombocyte contained nuclear substance in a
diffuse state and Herwerden' satisfied himself that all grades of
transition from small pyknotic to large pale nuclei could be
observed although he was never able to distinguish mitotic
division. The prevailing opinion* based on the most convincing
work, favours the conception of the platelet as a non-nucleated
element. Downey’® stated that there was nothing in the staining
reaction to show that the thrombocyte was related to the nucleus
of erythrocytes or leucocytes. From observations made in the course
of this work the nucleated appearance assumed by many thrombocytes
appeared to be due to the aggregation of the granules within the

cytoplasm to form a rather dense mass which was found most often
near the periphery of the eleusent. Nothing resembling a nuclear
membrane was seen and mitosis was never observed.

At first the scope of the present work was confined to an
investigation into the numerical variations of platelets in disease
but after it had been in progress for some time, it was noticed in
many cases that the size, granulation and staining reaction varied
somewhat from the normal and it became a matter of interest to

inguire into the significance of these changes. Very small or very

large (giant) forms were observed and the number of granules in

the thrombocytes was frequently found to be increased or diminished

* References 43, 72 & 76.



and, further, it was noticed that the cytoplasm in some cases became
definitely basophil when stained with brilliant cresyl blue.

To carry out this inquiry some normal morphological standard
was necessary. On reference to the literature it was found that
very little work had béen done on this subject and that, even
where it had been attempted, there was no unanimity as to what
constituted the normal in size and granulation.

In this work the standard size of the platelet was taken as
varying between 2 and 3 microns. In the case of oval platelets the
approximate size was calculated by taking the average of the
greatest and smallest diameters. The same method was adopted in
dealing with platelets in which the outline was irregular except
in the cases where the irregularity was so gross that this could
not be done. Such platelets were comparatively few and they were
ignored.

Great difficulty was found in grouping the platelets according
to the number of granules contained in the cytoplasm. Frequently
the granules were congregated together to form & pyknotic mass
but even where they were scattered it was impossible in many instances
to count them. Thus in the absence of any recognised classification
and in face of these difficulties an attempt was made to divide the
platelets, in so far as their granular content was concerned, into
the following rather arbitrary groups. {(a) Those in which no granules
were apparent, (b) those in which there was a marked diminution in
the number of granules, (¢) tnose in which, in spite of some
variation in the number of granules, experience showed that the

granulation present could be regarded as being within normal limits,

and (d) those in which there was a very definite increase in the

granular content. It is recognised that this classification is not
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wholly satisfactory as it does not allow for those conditions in
which the platelets included in group (¢) may, on the whole, contain
granules in numbers nearer to the lower or higher limit of the group
thus suggesting slight diminution or slight increase in granulation
as the case may be. Although lacking mathematical precision this
method, used by the same individual provided a means by which daily
observations on the granulation of platelets could be recdfded and
compared.

With regard to the staining reaction of the cytoplasm the
normal hyaline platelets were distinguished from those which were
definitely basophil.

The normal platelet may therefore be defined as a non~-nucleated,
round or oval disc-like body, with an average diameter varying
between 2 and 3 microns, and with a hyaline cytoplasm containing
numerous granules, In health the platelets are all of this type.

The following pages indicate the changes in the platelet
picture in certain diseased conditions.*

Purpura hemorrhagica. (Werlhof's disease, hereditary hzmorrhagic

'—-ILTEEEEEEETE%§TET essential thrombopenia, essential

thrombocytolytic purpura.) (Gases 1, 2 & 3.)

It is only within comparatively recent years that the blood
platelet has been regarded as an element which plays an important
part in the pathology of this disease. It is therefore natural that
some attention has been paid to the morphology of the platelet in
purpura hzmorrhagica, but it cannot be said that there is any

unanimity of opinion with regard to the changes reported. The only

point on which there seems to be some agreement is that varying

numbers of large platelets appear in the blood.¥**

* Note. The details of each case discussed will be found
in the tables on platelet morphology set out in
the appendix.

** References 46, 124, 128 & 159.
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. 37135
With regard to the other changes Fegler” found that over 90%

of the platelets were very granular and Rockwood and Sheardﬂq

by
means of instantaneous microphotography described the thrombocytes

in purpura hzmorrhagica as varying in size, shape and type of
granulation from those found in a case of pernicious anzmia showing
thrombocytopenia, the platelet granules in the former disease being
very coarse. In his observations on the morphology of the plateiets
Glanzmann'® described the presence of very large and very small forams,
basophilia in varying degree, pyknosis of the granules, and variation
in numbers, absence or diminution, rather than increase being the
rule.

On the strength of some of these findings certain writers assumed
that these morphological changes indicated defective platelets and
were the outward expression of functional inefficiency. They have
therefore been tempted to attribute to these apparently abnormal
thrombocytes some part in the pathology of purpura hszmorrhagica.

In view of this the study of the morphology of the platelet in
cases 1, 2 and 3 was of interest. Unfortunately in none of the three
was a thrombocytopenia present at the time of the examination
although other manifestations of the hzmorrhagic tendency were present,
e.Z+y prolongation of bleeding time and spontaneous epistaxis.

Examination of the platelet picture on several occasions did
not reveal any departure from the normal but on certain dates two
of the three cases showed irregular distribution of the granules,
some platelets showing diminution, and others increase in granulation.
The granules however, did not differ, either in size or shape from
those seen in health. The size and staining reaction of the
thrombocytes were always normal.

Beyond noting at this stage that the findings in these three
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cases do not agree with any of those cited above the relationship
between platelet morphology and the pathology of purpura hzmorrhagica
will not be discussed until the appearance of the thrombocyte in
other diseases has been studied.

Static (mechanical) purpura. (Case 6.)

The structure of the platelet in this disease did not show any
departure from that seen in health.

Acute myeloblastic leukzmia. (Case 10.)

Throughout the course of this patient's illness there was
variation in the size of the thrombocytes, the smaller forms
predominating for some time. The platelets showed irregular
distribution of the granules, many of them in the early observations,
being packed with granules. As the thrombocytopenia increased the
granules became fewer in number, so much so, that the few forms
observed during the period of very marked thrombocytopenia were
almost agranular.

Chronic myeloid leukemia. (Case 11.)

In this case large forms were present and, although the
thrombocytes as a whole were frequently well filled with granules,
some showed a decided increase in granulation. On one occasion
however there was a marked increase in the number of less granular
forms. Basophilia was rare. According to Stah1*® the number of
basophil forms in chronic myeloid leukzmia is rarer than would be
expected from the nature of the disease.

Splenic anzmia. (Case 16.)

Although occasional basophilia and some variation in size, above
and below the normal, were noted the feature of this case was the
presence of a large number of platelets in whiclr there was

definite diminution in the amount of granulation.,
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Acholuric (hemolytic) jaundice. (Case 18.)

When the patient was in hospital for the first time deficiency
in granulstion was sometimes a feature. For a few days after
splenectomy (2nd admission) meny large forms appeared in ascociation
with a rapid increase in the platelet count. At this time also the
platelets became less granular and many of those present showed
a basophil cytoplasm. After the numbers had reached their highest
values and showed some tendency to diminish the platelet picture
became normal in every respect. It was noted however thet after being
on holiday for over three weeks the patient had a few large granular
and basophil forms in the circulation.

Malignant endocarditis. (Cases 19 & 20.)

Throughout the period of observation thrombocytopenia wae a
feature. Very small, normal and large platelets were present and
there was an increase in the number of basophil forms. The granules
were irregularly distributed and though a few thrombocytes were very
granular a much greater proportion showed deficient granularity.

Pernicious anzmia. (Cases 23, 24 & 25.)

During the stage of thrombocytopenia there was a marked
anisocytosis with however a preponderance of small forms. Many
platelets were also deficient in granules and basophilia was not
uncomnon. With improvement in the condition of the patients the
size became uniform, the amount of granulation increased and

basophilia was not so frequent.

Anzmia secondary to hzmorrhage. (Cases 26 to 30 inclusive,)

In secondary anazmia certain observations have already been

made by other writers. Fegler$7observed that there was a tendency

6%

for the granular platelets to be diminished and Larrier reported

the presence of giant forms. In experimental an®zmia, produced in
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rabbits by bleeding, Degkwiti”‘also found that there was an increase
in the number of large forms of platelets.

In the blood of the patients here investigated there was a
definite anisocytosis with a tendency to increase in the number of
large platelets., Basophilia was a feature and was of common occurrence
during the period of rise in the platelet numbers. The distribution
of the granules was very often irregular but usually there was an
increase in those forms showing defective granulation. This did not
seem to be relateéd in any way to rise or fall in the thrombocyte
values though on the whole it was usually a feature during the
period of increase} All of the above findings were observed during
the occurrence of hzmorrhage but in general they were most
characteristic of the post-hzmorrhagic period.

Lobar pneumonia. (Cases 34, 35 & 36.)

In this disease Reimann'®’ found that in the precritical period
when thrombocytopenia was present, the average platelet was distinctly
smaller and the cytoplasm more granular than in the later stages
when thrombocytosis oscurred.,

A feature common to all three cases in the first few days of the
illness was the increase in forms showing diminution in the number
of granules., With improvement in the condition of the patients the
granules became uniformly distributed although, in case 35, a certain
amount of unequal granulation persisted throughout the whole period
of observation. During the precritical stage in cases 34 and 35
the size varied, very large and very small forms being present.
Basophilia was prominent before the crisis in case 34,

Acute rheumatism (rheumatic fever). (Cases 38 to 44 inclusive.)

In this disezse an increase in the number of platelets sparsely

filled with granules was the rule. Thie was more marked during the
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acute stage of the illness, but nevertheless it was a proainent
feature even in convalescence. Large and small forms were occasionally
seen but on the whole the size was normal. Basophilia was unco.umon.

Acute nephritis with hzmaturia. (Cases 47, 50, 52 & 53.)

Large and small forms were seen. There was also some basophilia
and unequal distribution of the granules.

Diabetes mellitus. (Cases 56 to 61 inclusive.)

Nothing worthy of note was observed in the platelet picture in
this disease excent perhaps that the granules were not evenly
distributed. Anisocytosis and basophilia were occasionally observed.

Chronic tuberculosis. (Cases 72 & 73.)

In tuberculous peritonitis with ascites Stahl®* found isolated
small basophil platelets. In the two cases examined frequent
basophilia was the only deviation observed from the normal picture.

Hyperthyroidism. (Case 74.)

The platelet picture varied. Increase in size and some basophilia
of the cytoplasm were occasionally noted.

In the following diseases a study of the morphology of the
thrombocyte did not reveal any typical or characteristic changes:-

Carcinoma, (Gases 62, 68 & 69.): Lymphosarcoma, (Case 67.): Jaundice,

various causes, (Cases 64 & 65.): Pelvic sepsis, (Case 70.): and

Pyzmia, (Case 71).
From the study of the morphology of the platelet in the fore-

going diseases it will be seen that the thrombocyte picture was
constantly changing, even within the short period of one or two
days. It is very difficult therefore to draw any definite
conclusions as to the significance of this constant change. However
when a large series of observations is made and the platelet

picture considered together with the platelet count and the state
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of the patient it is possible to show that it conforms to certain
broad general rules and gives some idea as to the influence exerted
by the disease process on the thrombopoietic tissues.

When the platelets are diminished in number anisocytosis is
comnon, the size varying from less than 1 micron to as much as 5
microns. On the whole there is an increase in the number of small
forms (cases 10, 16, 23, 24 & 25). During the period of thrombocytosis
the forms tend tb be lerger in size (cases 26 to 31 inclusive).

Diminution in the number of granules contained in the platelets
is typically seen during the acute phase of an illness when associated
with reduction in the number of thrombocytee (cases 10, 16, 19, 20,
23, 24, 25, 34, 35, 36 and 38 to 44 inclusive). This diminution may
also be observed when the numbers are varying in the direction of an
increase or are already high (cases 18, 26, 27, 29, 30, 31 and 38 to
44 inclusive). In convalescence the thrombocytes become more granular
(cases 18, 23, 24, 25, 34, 35 & 36).

Basophilia is a notable feature when thrombocytopenia is present
(cases 19, 20, 23, 24, 25 & 34), and also when the platelets are
actively increasing in number (cases 18 & 26 to 30 inclusive).

In summing up it may be said that during a thrombocytopenic
period or during a phase of marked reduction in the platelet values
short of actual thrombocytopenia,* there is anisocytosis with a
relative increase in the number of the smaller forms although a few

very large forms may also be present. In addition there is a varying
degree of basophilic staining of the cytoplasm together with

irregular distribution in the granular content of the platelets.

During a thrombocytosis or when the thrombocyte count is rapidly

* Note. Thrombocytopenia is regarded as being present
when the platelets number 100,000 or less.
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increasing the platelets tend to be larger and less granular. In
the latter condition basophilia is a common feature.

It would thus appear that anisocytosis and unequal or diminished
granulation appear in conditions in which there is diminution in
the numbers and also in states where there is hurried production.
If in addition, there is basophilia (basophilia being a sign of
immaturity) it may be assumed, from the presence of these immature
platelet forms in the circulation, that the thrombovoietic tissues
are not producing mature thrombocytes as fast as they are being
required. As would be expected these youthful forms are found in
all thrombocytopenic states, and in the thrombocytosis which may
follow hzmorrhage or splenectomy, or thrombocytopenia from any
cause.

With regard to the morphology of the thrombocyte in purpura
hezmorrhagica it will be apparent, from a consideration of these
points, that all the thrombocyte types described by others as being
peculiar to that disease, with the possible exception of the type
with coarse granules, have been observed in other diseases
particularly during the thrombocytopenic stage. It is likely that
the presence of abnormal platelets is a feature of thrombocytopenia
no matter how it is produced and is not peculiar to, or characteristic
of, the thrombocytopenia of purpura hzmorrhagica.

As a corollary to this conclusion it follows that in purpuras
hzmorrhagica the structural and tinctorial abnormalities observed
in the platelet by others do not afford good evidence that this
element is functionally inefficient. The most that can be said for
them is that these deviations from normal indicate immaturity.
Similar abnormal forms are present in the blood in diseases which

are not characterised by purpuric hzmorrhages and conversely, these
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forms may be absent from the blood in conditions in which this

hazmorrhagic tendency is present as shown by cases 2 and 3. The
hzmorrhages characteristic of the disease are therefore not due

to inherent defects in the blood platelets.



ORIGIN OF BLOOD PLATELETS,

Many theories have been advanced to explain the origin of the
blood platelet and at one time or another, almost every cell belonging
to, or derived from, the blood forming tissues has been suspected of
giving birth to the thrombocyte. At the present time although the
consensus of opinion favours the idea that it is derived from the
megakaryocyte of the bone-marrow, yet it cannot be said that the
problem is solved to the satisfaction of everybody.

It is of interest to recall that Hayem considered the biood
platelet to be the precursor of the red corpuscle, a view which has
long been discarded. Even up to the present times the platelet has
been regarded as a precipitate of altered blood plasma. This matter
has already been discussed and dismissed - see page 2. Certain
evidence has also been forthcoming to demonstrate that the erythrocytes,
by a process of budding or extrusion from their cytoplasm‘,'q and the
leucocytes, by fragmentation of their cytoplasm, gave rise to
thrombocytes, Now if this were the case it is likely thet the platelets
would vary in number with numerical alterations in the red and white
cells, In this connection the graphs of certain of the cases in the
appendix are instructive. Some show that the thrombocyte curve may
be roughly parallel with that of the erythrocytes, (cases 10, 19, 20,
24 & 25) or with that of the leucocytes, (cases 11, 14, 15, 16, 30,
37, 55 & 70). However when the curves are scrutinised carefully it
will be seen that there is no very exact parallelism between those
of the platelets and the red cells on the one hand and those of the

platelets and the white cells on the other, and that the thrombocytes
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may vary numerically quite irrespective of numerical change in the
totals of the other formed elements of the blood. This independence
is demonstrated very well in the graphs of cases 27, 28, 29, 34, 35,
36, 39 & 41. Thus there is good clinical evidence to show that the
platelet is not directly related to either the erythrocytes or
leucocytes and is unlikely to be derived from them,

There is also some experimental evidence in support of this
viewX The anti-serum prepared against red cells acts only on these
cells and does not harm the platelets. The same may be said of anti-
white cell serum. If the blood platelets were derived from the
erythrocyte or leucocyte it would be reasonable to expect that either
one or other of these sera could produce thrombocytopenia. This has
not been found to be the case and thrombocytopenia can be induced
only by injecting, not anti-red or anti-white cell sera, but
anti-platelet serum.¥*

Thus the specific action of anti-sera and the independent platelet
reaction met with in disease make it very improbable that the thrombo-
cyte has its origin by budding or extrusion from the cytoplasm of the
erythrocytes, or by fragmentation from that of the leucocytes.

Although it has been shown that the platelet can react as an
independent element in the blood stream yet it is of interest to note
that Bedson and Johnston® could not obtain any data to support the
idea trat the thrombocyte was a preformed element having a nucleated
precursor. Further these same observers on injecting anti-sera
prepared against lymph glands and reticulo-endothelial system could

find no proof that the thrombocyte derived its origin from these

tissues,

* References 33, 34, 36, 64 & 138,



21

The only other theory which remains for discussion is that the

platelet is derived from the megakaryocyte of the bone-marrow. This
conception was first formulated by Wrighﬁ223 and his work has been

confirmed and consolidated by otheré?n

As already stated this theory
is almost universally accepted as proven. Aschoff” considered the
question settled beyond doubt.

Before going on to describe the mode of origin of the platelet
according to this theory there are some points of interest to be
noted regarding the megakaryocyte. In the embryo it is found in the
liver, spleen and yolk-sac, while in the adult it is normally present
only in the bone-marrow. It has been observed however in the lungs,
spleen and blood stream in pathological states. In the bone-marrow
it is present in all stages of development. The youngest form of
the cell is non-granular and has a single nucleus which in the course
of maturation becomes larger and more complex until ultimately

several nuclei are formed.* The cytoplasm elso increasee in size and

becomes full of very fine granules which Wright223 and Downey”
considered peculiar only to the megakaryocyte and the blood platelet.

Thus the fully developed cell is very large and has a granular

cytoplasm containing a number of nuclei. It is only in this adult

state that the megakaryocyte can produce blood platelets.¥*

In his classical work Wright®*>

demonstrated with the help of
sepecial staining methods that the blood platelets were portions of
megakaryocytic cytoplasm detached and carried off into the blood
stream. The separation took place by a process of pinching off, or
segmentation, the line of cleavage being through a zone of hyaline

cytoplasm. This cytoplasm was frequently prolonged into pseudopodia-

# References 60, 92, 160 & 199.
** References 36, 92 & 223,
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like processes of varying sizes, shapes and numbers which projected
into the blood channele through small openings in the vessel wall.
Many of the granules seen in the megakaryocyte cytoplasm passed into
the pseudopodia or collected into groups at the edge of the cell
before segmentation and a pseudopodium might present the appearance
of being composed of & chain of blood platelets united by the
continuity of their ground substance which in turn was continuous
with the hyaline cytoplasm of the mother cell.

In support of this conception of platelet origin Wright, and
subsequently others, pointed out the parallelism which existed
between the number of blood platelets in the circulation and the
number of megakaryocytes in the bone-marrow. Both are increased in
regenerative states following on hzmorrhage and toxzmia, in
inflammatory states, in myelogenous leukaemiaz,z3 in Hodgkin's disease,*
in experimental conditions following injections of anti-platelet
serum'“ and anti-red cell seruz” and following inoculation with
diphtheria toxinf° Both are diminished in pernicious anzmia and
lymphatic leukzmia?® in chronic benzol poisoning™ in aleukia and
aleukemic leukaamia.q,""’7 and after exposure to X-raysfz In favour of
his hypothesis Wright also pointed out that platelets did not appear
in the embryo before the appearance of megakaryocytes or their
forerunnere and that they were found only in mamnals in which the
megakaryocyte was present.

In the realm of experiment Firket” produced thrombocytopenia in
rabbits by injecting saponin and then found that megakaryocytes
appeared in the spleen. Within a few days there was an increase in

the number of blood platelets. In a splenectomised rabbit he found

#* References 59, 60, 204 & 223,
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myeloid metaplasia in the liver, and in the lymphatic glands
megakaryocytes were the sole myeloid elements present. This might
result however from a general myeloid reaction and not necessarily
be the response to a demand for blood platelets. Firket regarded
his findings as supporting Wright's theory but he was doubtful if
the platelet arose solely from the megakaryocyte.

More direct proof is provided by the observations of Sabin‘??
who watched the clumping of the granules and fragmentation of the
cytoplasm into typical platelets in megakaryocytes found in the
circulation. Bedson and Johnstor’® examined megakaryocytes of the
bone-marrow in a vital preparation and they too observed the
accumulation of granules into little masses about the size of the
platelet. The outline of the cell then became irregular and ragged
and in some instances small platelet-like portions of the cytoplasm
became attached to the periphery of the cell by a narrow stalk. Some
hours later this became more marked and mext day the cytoplasm of
these cells had become almost completely fragmented into small,
irregular, oval and granular masses lying free in the surrounding
medium. This cycle of changes occurred in about 50% of the megakaryo-
cytes examined. Commenting on these findings and those reported by
Sabin, Bedson énd Johnston thought that the megakaryocytes were
undergoing degenerative changes rather than being in the active
process of producing platelets. After injecting anti-platelet serum
they saw no megakaryocytes in process of active platelet budding and
later they noted that this serum produced an increase in the number
of megakaryocytes in the bone-marrow. They also noted that red cell
destruction brought about a similar regeneration of megakaryocytes.
While this work may be considered as supporting Wright's theory,

Bedson and Johnston concluded that the relationship between
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megakaryocytic hyperplasia and increased platelet production was
not clear. They however appeared to be satisfied that the platelet
normally had its origin in the bone-marrow. In support of this
conclusion they stated that anti-bone~-marrow serum produced
thrombocytopenia.

Less convincing evidence in support of Wright's conception is
forthcoming from the work of Le Sourd and Pagniez“*’“* who, firm in
the belief that the platelet was responsible for syneresis of the
blood clot, found that the layer of megakaryocytes obtained from an
emulsion made from the reacting marrow after injection of anti-
platelet serum, brought about retraction of the clot. Thus because
of the comnon retractile property existing between platelet and
megakaryocyte they concluded that there was some close genetic
relationship between the two elements,

McGowan'®

regarded the megakaryocyte as forming a reserve for
the rapid production of hzmopoietic stem cells - hezmatoblasts -~
and he suzgested that blood platelets might arise from the clippings
and remnants formed by unequal division of these stem cells.

As an important point in Wright's theory is the similarity
. between the granules found in the megakaryocyte and in the blood
platelet it may be of interest to mention briefly some of the views
regarding their origin. One of these views is related to the
debatable question as to whether or not the megakaryocyte has a

phagocytic function. Red and white corpuscles as well as other

cellular debris have been seen by some observers in the cytoplasm

of the megakaryocyte and this has been regarded as a sign of
phagocytic power. Woodcock*? stated that the granules of the
megakaryocyte represented the unassimilable materials of the

13
process of ingestion. Others’” however have never seen red cells
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within the megakaryocyte and doubt if this cell has any phagocytic
function. They have shown that such materials as washed red cells,
lithium carmine, indian ink and trypan blue were not taken up by

the megakaryocytes. The presence of leucocytes within the cytoplasm
is therefore explained as being due to invasion of the megakaryocyte
by the phagocytic leucocyte.

Downey% suggested that the granules characteristic of the
megakaryocyte developed along with degenerative changes in the nucleus,
and he further stated that the hyaline bodies which were constricted
off from the cytoplasm of mononuclear cells and lymphocytes,
especially in the rabbit, were in no way related to blood platelets,
although smears showed them to contain an occasional azurophil
granule. These azurophil granules were not, according to Downey, the
same granules as are found in the blood platelet. This is of interest

as some writers®®

amongst whom may be numbered those who support
Wright in his theory, have suggested that in times of need there
may be a reversion to a vicarious type of blood platelet formation
in which the large lymphocyte, the endothelial cells of the bone-
marrow and the blood vessels? the mononuclear and transitional cells
of the bone-marrow, spleen and blood may take on the task of platelet
production. This is not in agreement with the results obtained by
injecting anti-lymph gland and anti-reticulo-endothelial sera as
neither of these brings about reduction in the number of thrombocyteé?
From the foregoing considerations it will be evident that the
platelet does not arise from the erythrocyte or leucocyte. There is
' very good presumptive evidence in favour of the hypothesis that the
blood platelet has its origin from the cytoplasm of the megakaryocyte.
While that is so it cannot be said that the problem is solved beyond

question in view of the doubts which exist regarding the function of
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the megakaryocyte. The fact that most of the evidence is based on
morphological and tinctorial observations is unsatisfactory and as
a result there is uncertainty on the part of some investigators who,
while they guardedly support the megakaryocytic origin, do not seem
to be convinced that it is the sole mechanism of platelet genesis.
After a consideration of zll the evidence it would seem
reasonable to conclude that, in the adult, the thrombocyte under
normal conditions, has its independent origin in the bone-marrow
and further, not unreasonable to assume that in times of stress
the platelet may arise from other tissues which are potentially

hzmopoietic.



DESTRUCTION OF BLOOD PLATELETS,

In health the spleen constantly contains a large number of
thrombocytes and, with the possible exception of the bone-marrow,
they are rarely to be found in any of the other organs of the body.
In fact the spleen has been found to be rich in platelets when a
thrombocytopenia was present in the circulating bloodf”m' In
specially stained preparations they may be seen in the splenic
sinuses and their presence in the spleen may also be detected if
a portion of that organ is teased out in a suitable medium and
appropriately stained?j‘ From a perusal of the literature it seems
to bve assumed that destruction of blood platelets takes place in the
spleen and that the platelets are held up in the splenic sinuses
preparatory to being destroyed. As proof of this destructive action
it has been shown that there is an increase in the number of
thrombocytes circulating in the blood after splenectomy in healthy
experimental animals®®*‘ and in the human subject when the organ is
removed as a therapeutic measure in acholuric jaundice (case 18),
splenic anzmia and purpura hzmorrhagica. The same phenomenon has
also been reported on ligature of the splenic arterys - Further, it
has been observed that the blood of the cubital vein and the splenic
artery contains more thrombocytes than the blood of the splenic veiﬁfﬂé

It is very doubtful however if these observations can be taken

as good evidence of the platelet destroying function of the spleen,

as an increase in the platelet count follows other operative

procedures, experimental and therapeutic.* Moreover, splenectomy

* References 24, 32, 35, 36 & 149,
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is not always followed by a thrombocytosise’” It is also known
that the spleen acts as a reservoir for red corpuascle'nsm"29 and it is

a reasonable assumption that the thrombocytes observed in the spleen

are not retained solely for destruction but simply for storage

purposes. In this connection there is evidence to show that during
acute asphyxia in dogs the platelets are mobilised, along with the
other elements of the blood, a phenomenon which does not occur after
these animals are splenectomised:. Further, after the administration
of ephedrine’® and adrenaline,;’ both substances which bring about
splenic contraction, there is a rise in the number of circulating
thrombocytes.

More convincing evidence in favour of the platelet destroying
function of the spleen would be afforded by direct observation of
intracellular destruction of these elements. Some workers* claim
to have observed the presence of phagocytosed and degenerated
thrombocytes within the endothelial cells of the spleen. Kaznelson?4
who first practised splenectomy in purpura hzmorrhagica on the
principle that there was excessive destruction of the platelets by
the spleen, thought that the platelets were lysed rather than
phagocytosed hence the name "essential thrombolytic purpura®" which
he gave to the disease. However in a note inserted in his paper he
stated that he saw phagocytosis of thrombocytes in the spleen of
one case of pernicious anzmia. On the other hand, Pardi?’ even
where he saw what resembled blood platelets contained within the
cytoplasm of the phagocytic cells was not satisfied that this was

good evidence of phagocytosis.

The difficulty in recognising phagocytosis of platelets must

* References 14, 65 & 201,
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be great but the knowledge that the spleen contains many phagocytic

cells which have the power to remove and destroy effete red cells
makes it very probable that the platelets are also destroyed by
them. The cells exercising this function belong to the reticulo-
endothelial system which in man is in great part centred in the
spleen and it is interesting to find that when the function of these
cells is inhibited by "blocking"h”ﬂ after intravenous injection of
suitable substances, e.g., trypan blue, there is an increase in the
number of thrombocytes in the circulation. If splenectomy now be
performed there is no further increase in the platelet count?
However the thrombocytosis following blockade of the reticulo-
endothelial system is not sustained even when the injection is
repeated and it would seem that the blockade, if it is the cause of
the thrombocytosis, is not complete or only temporarily effective.
It may be that some other tissue can take over the function of
platelet destruction or that the substances when injected for the

first time produce transient thrombopoietic activity.



NUMERICAL VARIATIONS OF PLATELETS IN HEALTH.

The adhesiveness of platelets for water"wettable"surfaces and
the ease with which they disintegrate outside the body, make it very
difficult to estimate the numbers in the circulation. This is
reflected in the many methods which have been devised to count the
thrombocytes, It is not surprising therefore that the normal figure
of each method differs. Almost every method requires that the blood
examined be diluted with some suitable solution and the ratio of
platelets to red corpuscles found, the total number of thrombocytes
then being estimated from the total number of erythrocytes which are
counted in the usual way. Some methods require that the blood be
drawn from a vein through suitably paraffined apparatus, others
that the skin be punctured and the blood drawn directly into a red
cell pipette containing diluting fluid, others again, that it be
allowed to flow directly into the diluting fluid through which the
puncture is made. The blood and fluid are then thoroughly mixed and
the platelets counted against the reds in a counting chamber or on
a glass slide under a cover slip which is ringed with vaseline.

The following table illustrates the differing normel standards:-

Average normal numbey

of platelets per cu.mm. Author(s) .
Aynaud:’®

2o
262,000 (skin punctureg} §Buckman &
284,222 (venepuncture Hallgﬁgy.

Rarely less than 300,000 Gram.
350,000 Thomsen,**
450,000 Pratt.*

16
* Cited by Osler & ngrae,?

** Cited by Reimsnng

30



- 31

Platelets per cu.mu.

Normal 1imits. Author(s).
150,000 to 300,000 Fonio.*;o
183,000 to 252,000 Aynaudy “
250,000 to 400,000 Cramer & Bangergan.
263,000 to 360,000 DegkwitzJ>

In view of these great variations and the uncertainty which
existed as to what constituted the normal it was necessary to find
the normal for the method of enumeration here adopted.*¥*

As the result of counting the platelets in a number of healthy
people it was found that the thrombocyte values varied not only with
the individual but also in the same individual on different dates.
The average of over 30 counts was 392,400 per cu.mm., and the total
numbers ranged from 250,000 to 450,000 per cu.mm, From these
figures and from those of other authors it is apparent that the
platelet numbers fluctuate even in health within a wide range and
it is evident that the fixing of a normal figure is at best only a
rough guide to what constitutes the normal by the method of counting
adopted. For the purposes of this work the average normal value has
been arbitrarily fixed at 390,000 per cu.mm. On referring to the
case notes and charts in the appendix it is advisable to remember
that the platelet numbers may vary in health between 250,000 and
450,000 per cu.mm.

Very little is known regarding the causes which bring about
such variation in health. Certain observations have however been
made. Ceuccuri"Z reported a diminution in numbers after severe
exercise. Degkwitz’> found that there was a variation of 80,000
during the day, the numbers increasing towards the afternoon when

the temperature was higher. Wittkower** noted that after & hot

169
* Cited by Osler & McCrae. 4
#% Cited by Leschke & Wittkower.”

iption of the method used, its value
b Note.agdfg%éi%ggggég %s given in the appendix.
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bath of one hour's duration the platelets increased from 220,000

to nearly 300,000,

Considering the delicacy of the platelet's structure, the ease
with which it can be made to disappear from the blood stream and
the rapidity of its reappearance in certain conditions, the
readiness with which it disintegrates outside the body and the way
it adheres to injured vascular endothelium when the blood stream
is slowed down or to foreign bodies introduced into the circulation
it is likely that the life of the thrombocyte is short. In this
connection Duke”¥® found that by removing blood, deplateletising it
by defibrination and then reinjecting it, the total number of
rlatelets could be regenerated in dogs within three to five days
and M511erm“ demonstrated that after guinea pigs had been exposed
to the action of X-rays, which destroyed the megakaryocytes, the
number of these cells fell two to three days before there was a
corresponding diminution in the number of platelets. Even without
these experiments and on clinical evidence alone it is very probable
that the thrombocytes are produced and destroyed in very large
nunbers each day, the life of the platelet being of short duration,
possibly only a few days.

It is not surprising therefore that the number of these
elements in the blood should vary so greatly at short intervals

even in health.



NUMERICAL VARIATIONS OF PLATELETS IN DISEASE,

Although the platelet count in health is not constant and the
cause of the variation in numbers not always clear it is noteworthy
that in disease the numerical changes may vary within much wider
limits than in health. Further, these variations may occur in a
constant and uniform manner and sometimee they may be correlated
with certain phases of the illness. Before discussing the significance
of these variations it is necessary to indicate the nature of the
changes in the platelet count observed in the course of the

following diseases.*

Purpura hemorrhagica. (Werlhof's disease, hereditary hemorrhagic
thrombasthenia, essential thrombopenia, essential
thrombocytolytic purpura.) (Cases 1, 2, 3 & 4.)

In 1887 Denyé% pointed out that in purpura hzmorrhagica there
was frequently a great diminution in the number of platelets. This
observation has now been verified by many authors and it has become
the custom to classify this disease under the heading of "thrombocyto-
penic purpura" as many think that diminution in the platelet numbers
is the sole cause of the hzmorrhagic symptoms,

Although thrombocytopenia was observed only in one of the cases
referred to in this group it is apparent from the histories énd
clinical findings that all four suffered from purpura hzmorrhagica,
and it was of interest to find that in the presence of hzmorrhagic
manifestations cases 2 and 3 showed very high platelet counts,
varying from 300,000 to over 700,000 and 800,000 respectively. In

case 1 the platelet numbers were as low as 140,000 and as high as

* Note, The details of each case will be found in the
appendix.
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925,000 but a marked thrombocytopenia* was never observed. Case 4,
when first seen, had counts which varied from 100,000 to 264,000 but
during a second period of observation a profound thrombocytopenia was
present. Thus in purpura hzmorrhagica there may be periods of
definite thrombocytopenia or diminution in the platelet numbers and
at times a definite and spontaneous thrombocytosis, In other words
purpura hzmorrhagica can exist without thrombocytopenia. Similar

¢
cases have recently been reported in the literaturefn”?

Henoch-Schonlein (anaphylactoid) purpura. (Case 5)

It seems to be universally agreed that there is no thrombocyto-
penia in this type of purpuric disease. Although the platelet numbers
in case 5 were slightly diminished yet the reduction was not low
enough to be regarded as a thrombocytopenia.

Static (mechanical) purpura. (Case 6.)

In this case the thrombocytes varied between 243,000 and

440,000, that is, within healthy limits.

Scurvy. (Cases 7 & 8.)

In both cases the thrombocyte numbers varied greatly, case 8
showing the lowest and highest values, namely 110,000 and 400,000
respectively.

Hemophilia. (Case 9.)

Tgere was no diminution in the platelet numbers in this case.

This is in agreement with the findings of other authors,**

Acute myeloblastic leukazmia. (Case 10.)

A reduction in the thrombocyte count has been noted in acute

92,204

leukemia by other authors. This is in accordance with the

findings in case 10 which were as follows:-

* Note. Thrombocytopenia is regarded as being present
when the platelets number 100,000 or less.

** References, 116, 161 & 200,
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Four weeks previously the patient had had a course of X-ray
therapy and when he was first seen anzmia and leucopenia were
present. At that time the platelets numbersd 200,000 and they
remained approximately at this level while the red corpuscles
increased gradually and the white cells reached normal values.

With further increase in the number of leucocytes there was a

steady reduction in the number of thrombocytes until at the time

of the last blood count no platelets were found after prolonged
search. At this stage, as the result of X-ray treatment, the
leucocytes had fallen from 103,000 to about 10,000. It is noteworthy
that the platelet curve commenced to fall before the application of
X~-ray treatment. The diminution in the number of platelets was
associated rather with the increase in the leucocyte count,

Chronic myeloid leuksmia. (Cases 11 & 12.)

In this disease the platelet count has been found by others
to be normal or increased but never diminished.* As the result of
the exanination of these two cases it was found before treatment
that case 11 had a high count and that in case 12 the thrombocytes
were present in numbers just under the higher limit found in health.

Following X-ray treatment case 11 showed a reduction in the
number of platelets, the leucocyte and thrombocyte curves being
approximately parallel. With regard to case 12 however it is
doubtful if the application of a single dose of X-ray therapy had
any effect on the platelet count. The count was lower after
irradiation but possibly this fall was due to some other cause as
a similar reduction was frequently found when there was no exposure

to Roentgen rays. It has to be noted however in this case that when

* References 72, 82, 112, 160 & 204,
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the leucocytes were increasing in number there was a corresponding

increase in the platelet count.

Diminution in the platelet count after X-ray treatment has been

reported by Frank” and it has also been observed by others in the

. 130, /-4
realm of experiment.’

Polycythemia vera. (Cases 13, 14 & 15.)

In none of these cases was there an increase in the number of
platelets in the circulation before treatment, in fact, the numbers
in case 13 were rather low,

Treatment with phenylhydrazine hydrochloride produced, in cases
14 and 15, a definite thrombocytosis and the counts in the latter
case demonstrated how rapidly the platelets can vary in number -
from 330,000 to over 1,200,000 and dowh again to about 500,000 all
within the space of 48 hours.

Cases 13 and 15 received X-ray treatment but the effects
produced differed. Case 13 responded well to treatment but the
thrombocyte count did not seem to be influenced in any way. Case
15 did not improve with exposure to X-rays. In this case the
platelets varied within wide limits being over 1,000,000 on one
occasion., Ultimately they fell to below 100,000, On the whole the
platelet curve tended to be lower towards the end of the course of
treatment., If X-ray treatment had any effect on case 15 it seemed to
stimulate, for a time at least, the production of platelets,

Splenic anzmia. (Cases 16 & 17.)

In this disease Rosenthal’® did not find any characteristic
variations in the thrombocyte count. In case 16 the platelets were
always reduced in number. Case 17 is included to show that, two

years after splenectomy, the thrombocytes were found to be well

above average normal values.
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Acholuric (hazmolytic) jaundice. (Case 18.)

Previous to splenectomy and during the period when the patient
was in hospital for the first time the platelets varied between
200,000 and 400,000. Immediately following operation there was a
fairly rapid increase in the count to over 1,000,000. The platelet
nunbers continued at a high level and 3} months after operation the
thrombocyte count was still high at nearly 700,000, Dyke%3 has reported
the behaviour of the platelet counts after splenectomy in & similar

case., From an examination of his figures the rise in the thrombocyte
count was neither so rapid nor so well sustained as in case 18,

Malignant endocarditis. (Cases 19 & 20.)

In these two cases the platelets were diminished in number and
in both there was a definite thrombocytopenia especially during the
week or two before death.

Pernicious anzmia. (Cases 21 to 25 inclusive.)

In this disease diminution in the number of platelets has been
reported by several authors.* In all the cases here investigated
there wase a reduction in the platelet count, and in three, cases 21,
24 and 25, there was a definite thrombocytopenia before treatment.
After feeding the patients with liver, the thrombocytes increased
in each case to about 400,000 with the exception of case 21 in which
the platelet counts remained at a lower level. The platelet curve of
case 23 showed a very quick responge to the above treatment, the

thrombocytes reaching a total of over 900,000 within two weeks.

Thereafter there was & fall to within healthy limits.,

Angmia secondary to hzmorrhage from orrhoids. (Cases 26 & 27)

There was no diminution in the number of thrombocytes but the

* References 65, 70, 72, 96 & 124.
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platelet curve in each case differed. The variations in case 26 were
slight but in case 27 the curve showed a steady increase to the very
high value of 1,700,000 followed some days later by a fall to more

normal numbers

Anzmia seconda to morrha, from stomach and duodenum.,
(Cases 28, 29, 30 & 32.;

Cases 28, 29 and 30 were very similar in that all three

suffered from duodenal ulceration and the hzmorrhage, as shown by

the degree of anzmia, was rather copious., In each a platelet increase
occurred. It commenced previous to, or immediately after, the
cessation of the bleeding as indicated by the presence of melzna.
After the curve had reached its height there was a drop to more
normel values but in cases 28 and 29 there was & secondery rise and
fall. With regard to case 30 the thrombocytosis was not so pronounced
but it will be seen from the later platelet counts that the normal
for this patient was probably low. The white cells were also reduced
in this case so it is likely that the bone-marrow was less active than
in the two other cases. Case 32 did not show any reaction after the
hemorrhage which was not however, the prominent feature of the

illness.

Chronic gastric ulcer. (Case 33.)
Coincident with the general improvement in the condition of the

patient there was an increase in the platelet count. Thereafter the
platelet numbers remained more or less constant near the higher
limit found in health.

Lobar pneumonia. (Cases 34, 35 & 36.)

Reimann™ found in this disease that the number of platelets
was diminished in the acute phase and increased in convalescence.

In general these three cases conformed to the aboyg findings.

In the first two the platelete were reduced in number until the
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fifth day of the illness and then, before the crisis they commenced

to increase. In the third however, the thrombocytes were very high

on the fifth day and although there was a subsequent fall, the

numbers were never much lower than 400,000. However after the crisis
had passed a thrombocytosis occurred in this case also. In all three
the platelets rose to values round about 1,000,000 and as convalescence

advanced the curves fell to within healthy limits,

Acute rheumatism - Rheumatic fever. (Cases 37 to 45 inclusive.)

In this disease the results were not uniform, pqssibly because
of the fact that the patients investigated had been ill for vaerying
intervals before admission to hospital. Even so, certain interesting
features were made out.

On the whole the platelet count tended to be high, only in case
37 did it ever reach to a value below 200,000 and that at a time
when convalescence was well advanced. The curves of cases 41, 42
and 43 were noteworthy in that each showed evidence of a platelet
reaction reaching to a value of at least 1,000,000, These cases
were seen within ten days of the onset of the illness and it is
possible that the higher counts noted at the commencement of the
curves in cases 37, 39 and 40 represent the latter part of the
reaction which may have occurred previous to admission to hospital.
In the remaining cases, 38, 44 and 45 - the last being a case of
rheumatic pericarditis and pleurisy - the thrombocytes did not
show any noteworthy behaviour.

When a thrombocytosis occurred it did not seecm to be related
to convalescence, unless it heralded the onset of that conditionm,
for it was present when the patient was acutely ill with pain and
fever - cases 37, 39,

40 and 43 - a8 well as in convalescence -

cases 41 and 42. Further, the increase was not influenced by age
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or the presence of any particuler manifestation of the disease, as

for example, a cardiac lesion.

Acute nephritis. (Cases 47 to 53 inclusive.)

All the cases had hzmaturia.

The platelets always tended to be high in number rarely being
lower than 300,000.* Case 50 showed a slight thrombocytosis but in
cases 51, 52 and 53 it was a very prominent feature. In these cases
it commenced during the presence of hzmaturia which may however, be
present without giving rise to a thrombocytosis - case 47.

Chronic nephritis. (Cases 54 & 55,)

The platelets were always present in fairly large numbers. Both
cases showed a marked platelet increase but case 54 demonstrated how
quickly the platelet count can vary. The rapid fall from over
1,000,000 to just over 400,000 coincided with the appearance of pus
in the urine for a period of two days. In both cases hzmaturia was
present.,

Diabetes mellitus. (Cases 56 to 61.inclusive.)

In this disease although the platelets varied between the
moderately high value of 495,000 and the low value of 95,000 (case
56) it was found that on the average the platelet numbers were
diminished and varied between 100,000 and 300,000, The administration

of insulin did not appear to influence the platelet count.

Malignant disease. (Cases 32, 62, 63, 67, 68 & 69.)

The platelets in the several types of this disease investigated

did not vary in any characteristic manner. On the whole there was a

tendency for the numbers to be high. This finding is in agreement
with those of RuJQ7 who found the thrombocyte count to be high in

* Note. The low count of 193,880, recorded in case 48,
was noted immediately previous to the onset of

an epileptic fit,.
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cases 0of cancer of the cervix uteri.

Jaundice, various causes. (Cases 64, 65 & 66.)

The platelets were found to vary between 200,000 and 400,000.

Pelvic sepsis. (Case 70.) |

The thrombocytes varied between 200,000 and 740,00C. A marked
increase was observed after the appearance of hzmaturia of two days
duration. Apart from this increase the platelets tended to be
diminished in number. The patient was never seen in convalescence.

Pyzmia. (Case 71.)

When this case was first seen the platelets were low and it was

found that the numbere diminished progressively until death.

Chronic tuberculosis. (@ases 31, 72 & 73.)

There is a certain amount of evidence to show that the thrombocytes
tend to be high in chronic forms of tuberculosig?so Cases 72 and 73
conformed to this tendency, the numbers varying between 400,000 and
800,000, Case 31 while in hospital developed acute tonsillitis which
coincided with a marked diminution in the platelet count. As this
acute infection subsided the platelet numbers varied but on the
whole they gradually increased and settled at a level within normal
limits,

Hyperthyroidism. (Case 74.)
The platelets varied between 200,000 and 400,000,

From & survey of the platelet counts in these diseases certain
interesting facts emerge. Thus, the number of circulating platelets
may vary with the disease and also in the same illness asccording to
the stage, whether acute or convalescent., Furthermore, the behaviour
of the thrombocytes also seems to depend on the reactive power of

the individual bone-marrow, which in turn, can be influenced by
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various agents such as X-rays, phenylhydrazine hydrochloride, liver
and splenectomy.

The great variability in the thrombocyte numbers makes it
difficult and of very doubtful value to classify the diseases
according to the platelet count. However from the study of the
foregoing cases it can be stated in a very general way that the
platelets were diminished in the following diseases:- acute
myeloblastic leukzmia, splenic anzmia, malignant endocarditis,

pernicious anzmia (relapse), acute tonsillitis, lobar pneumonia

(precritical phase), and pyzmia. They were normal or only slightly
diminished in Henoch-Schonlein and static purpura, in sCurvy,
hemophilia, acholuric jaundice, diabetes mellitus, certain hepatic

diseases, pelvic sepsis and hyperthyroidism, while in chronic

myeloid leukzmia, secondary anzmias, lobar pneumonia (convalescence),

acute rheumatism, nephritis, malignant disease and chronic forms of
tuberculosis the thrombocytes were normal or increased in number.

In purpura hemorrhagica and polycythzmia vera they were found in

some cases to be diminished and in others to be increased. With regard
to the diseases underlined it has not been possible to find any
publications dealing with the platelet count in these conditions.
Apart from these the observations made agree in a general way with

those reported by othere. The only unusual feature recorded is the

high platelet count observed in cases of purpura hzmorrhagica.



CAUSE OF VARIATION IN THE PLATELET COUNT IN DISEASE.

The problem as to why there should be such & great variation in
the number of circulating platelets is one which is difficult to
explain in view of the uncertainty which exists regarding not only
the origin, function, and destruction of these elements but also the
pathology of some of the diseases investigated.

It has already been pointed out that the bulk of the evidence
favours the idea that the thrombocyte is produced in the bone-marrow,
probably by the megakaryocyte. This hypothesis is reasonable and when
considered along with what is actually known of the pathology of the
diseases investigated, some conclusions may be drawn as to the reason
for these variations.

Thus in acute myeloblastic leukzmia the reduction in the number

of thrombocytes and also the presence of anzmia would be explained
by the fact that the hyperplasia of, and great activity in, the
leucopoietic tissues of the bone-marrow would result in the crowding
out of the platelet-forming cells as well as the erythroblastic
tissue. This is illustrated in case 10 by the rapid increase in
the number of immature white cells which coincided with the steady
diminution in the thrombocyte count.

With regard to chronic myeloid leukzmia it is probable that
the variations in the platelet count in individual patients will

depend on the degree of activity in the leucopoietic and thrombo-

poietic tissues in each case. Thus the activity of both may be
slightly or greatly increased (msgakaryocytes are frequently found
to be increased in the bone-marrow in this disease and they have

also been observed in the circulating blood) or, although both are

.43
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active, the activity of white cell tissues may be relatively much
greater than that of the platelet-forming tissues. It hes already
been pointed out that in acute leukzmia thie hyperplasia and activity
of the myeloid tissues may be such that the formation of platelets
is interfered with and a thrombocytopenia result.

This difference in the degree of activity of each of the
components of the formative tissues of the bone-marrow is well shown

by the three cases of polyéythemia vera. In case 13 the red cell

.count was very high while the leucocyte and the platelet counts were
low suggesting that erythropoiesis predominated in the bone-marrow.
In case 14 the moderate erythrocytosis was associated with a slight
leucocytosis and a very slight increase in the platelet count while
case 15 illustrated the association of polycythzmia with a greater
leucocytosis and a normal platelet count which was somewhat lower
than that of the previous case. The two last cases illustrate a state
of generalised activity in the bone-marrow, no one tissue reacting to
the exclusion of the others.

With regard to the action of the spleen on the platelet count
in leukzmia and polycythazmia it is conceivable that this organ
might ultimetely be unable to destroy the thrombocytes at the same
rate as they are produced in the marrow and thus an increase in
the number of circulating thrombocytes result. While this possibly
occurs in some instances it is thought that alteration in productive
activity rather than impairment of splenic function is by far the
more important factor in bringing about change in the number of
thrombocytes in the blood stream.

In pernicious anzmia the number of platelets is diminished.

It is likely that the thrombocyte-forming tissues in common with

the erythropoietic and leucopoietic tissues, are also influenced
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by the pathological process responsible for this disease. Indeed

there is some evidence to show that in pernicious anxmia the
megakaryocytes of the bone-marrow are reduced in number??® The
improvement in the condition of the patients brought about by liver
treatment, is reflected as much by the increase in the number of

platelets as by the increase in the number of red cells.

The inference that the hone-marrow in splenic anzmia, as
illustrated by case 16, is inactive is justified by the presence
of anzmia and leucopenia, and by the absence in the blood picture,
of signs of regeneration on the part of the erythropoietic and
leucopoietic tissues. It is likely also that the activity of the
thrombopoietic tissues is diminished and in this way reduction in
the thrombocyte count results. There was no evidence that in case 16
the spleen was hyperactive in destroying blood elements.

The diseases in which the greatest and most interesting
variations in the platelet count were observed in this work now
come up for consideration. They may be divided into two groups,

the one characterised by hzmorrhage and the other by infection and

toxzmia.
Diseages associated with 0 (except purpuric hazmorrhage;.
(Cases 2§)to 30 inclusive, 3%, 47 to 55 inclusive and
case 70,

The increase in the number of thrombocytes which occurs in
secondary anzmias is fairly well known and has been recognised

clinically for some time, especially in those cases where the

anzmia has followed hzmorrhage. After rabbits had been bled
Buntingq and Degkwitz’™® found that, following a temporary dininution
in the platelet numbers, a thrombocytosis resulted. It is therefore
not surprising that of the cases included in this group many -

cases 27 to 30 inclusine, 50 to 55 inclusive and 70 - showed an
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increase in the platelet count which could only be ascribed to the
circumstance that blood had been lost. It has to be pointed out
however that this phenomenon was not observed in every case but in
case 26 the presence of large numbers of immature platelets suggested
that the thrombopoietic tissues were active. In cases 32, 47 and 48
the hzmorrhage was slight and in cases 47, 48 and 49 the investigation
was not carried out long enough to show whether a platelet reaction
might follow. Indeed the counting of platelets in cases 47, 48 and

49 was, at that time, undertaken only to ascertain if by any chance
the bleeding was related to the presence of a thrombocytopenia. This
was found not to be the case as there was no diminution in the
numbers when the bleeding took place,

It is therefore noteworthy that the platelet reaction was well
marked in all the cases which were fﬁlly investigated, especially
where much blood had been lost, and it must be assumed that the loss
of blood was responsible for this augmentation in the numbers. The
rise and fall in the platelet curve was observed to take place
during the hzmorrhage or, more frequently, the increase commenced
during the bleeding and reached its height after all sign of blood
loss had disappeared. Sometimes the thrombocytosis was not observed
until after the hazmorrhage had ceased.

The question arises as to whether this thrombocyte reaction is
the result of an increased functional demand for platelets in view
of the part these elements are said to play in hzmostasis, or
whether it is merely a regenerative response on the part of the
thrombopoietic tissues to meke good the platelets lost in the
bleeding. In light of the observation that where the bleeding was
slight there may be no thrombocytosis and the fact that the peak

of the increase frequently occurred when the hzmorrhage had ceased
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and no platelets would be required for hzmostatic purposes it is
likely that the platelet reaction is, in great part at least, a
regenerative process and reflects the state of generalised activity
occurring in the hazmopoietic tissues of the bone-marrow when a loss
of blood has to be made good. This conclusion is all the more
justified when, on consideration of cases 28 and 29, one tries to
explain the secondary rise and fall in the platelet curves which
occurred in the absence of hzmorrhage. In both cases the bhone-marrow
was in a reactive and unstable condition, as shown by the continued

rise in the erythrocyte curve. In this connection it is interesting

to note that increase in the number of megakaryocytes in the bone-
36
marrow was found by Bedson and Johnshn?’to follow red cell

destruction.

Diseases characterised by infection and toxzmia. (Cases 19, 20,
— 31,34 to 45 inciueive, 54 and 7%.; o

All the conditions considered under this heading gave some
evidence of the presence of an acute infective process, and for the
most part were distinguished by the behaviour of the platelet curves.
These showed that, in the acute phase of the illness, there was a
tendency for the platelets to become diminished and theat, during
convalescence, the thrombocytes tended to increase after which there
was a gradual fall to within normal limits.

Isolated observations are to be found, mostly in foreign
literature, regarding the variations in the thrombocyte counts in

187

certain diseases. Thus in pneumonia’ diphtheria, scartet fever

and the common cold“‘the thrombocytes have been found to be diminished
in number in the acute stage of the illness and increased in conval-

escence. They have also been reported as reduced in influenza,*

* References 72, 125, 187 & 204.



48

191 204
hemorrhagic small-pox, and typhus.l'o

The result of the investigations carried out on the diseases in
this group is,with-one exception, in general agreement with these

findings. In malignant endocarditis (cases 19 and 20), and pyzmia

(case 71) the platelets became progressively reduced until death
supervened and in cases’ 31 and 54 the onset of tonsillitis and Ryuria

respectively produced a diminution in the thrombocyte counts. In two
of the three cases of pneumonia (cases 34 and 35) the platelets were
reduced to below 200,000 at some time during thes acute period of
the illness but in the third, case 36, they numbered over 1,000,000
on the fifth day of the illness and although the numbers were
subsequently reduced for a few days, the diminution was only relative
as the readings were never below the average number found in health.
In all three cases however the thrombocytic increase occurred in
convalescencee.

Acute rheumatism proved to be the exception to the general rule.
In this disease the platelets were never observed to be diminished
when the patient was acutely ill - in fact the platelet numbers on
the whole were high, and low readings were obtained only in one
patient, case 37, and that at a time when convalescence was well
advanced. Cases 37 and 39 to 43 inclusive showed evidence of a
thrombocytosis which was most marked in the last three of these six
cases, The time at which this platelet increase occurred in acute
rheumatism differed from tﬁat observed in pneumonia in that it took
place in some patients during the acute phase of the illness and
in others during vonvalescence.

The almost consistent behaviour of the thrombocyte numbers
which has been observed in the course of these infective illnesses,

with the exception of rheumatic fever, suggesis that the platelet
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has an important function to perform and it is of interest to consider
at this stage some of the experimental work and the conclusions
derived therefrom which have some bearing on this subject.
Levaditif° in 1901, noted in the course of other work, that
cholera spirilla when injected into the circulation of vaccinated
guinea-pigs sometimes became adherent to blood vlatelets. Some ten
years later, Aynaudy observed that certain organisms brought about
"in vitro" agglutination of thrombocytes. Neither of these observers
however associated their findings with the elinination of organisms
from the body and it is really from the work of Bull that most of
the recent experimental work has its origin. Bull®* in a series of
publications in 1914 and 1915, reported that streptococci and
pneumococci when introduced into the circulation of experimental
animals rapidly disappeared f;om the blodd unless they were
extremely virulent. He further observed that typhoid bacilli and
dysentery bacilli of the Flexner group were spontaneously
agglutinated in the blood stream of the rabbit although in the case
of the pneumococcus and the Shiga strain of dysentery bacillus
agglutination occurred only when an anti-serum was injected into
the circulation. In both cases the agglutinated organisms were
rapidly removed and destroyed in the visceral capillaries. Any

bacteria not so agglutinated remained in the blood stream and
produced a septicamia.

Delrez and Goverts**following up the work of Bull demonstrated
that in the blood stream of the rabbit staphylococci and bacillus
paratyphosus B adhered to the thrombocytes. This adhesion was

agsociated with the disappearance of bacteria from the blood stream

# References 33 to 56 inclusive.
#%# References 73, 107 & 111.
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and a diminution in the number of circulating thrombocytes. Two
minutes aftervinjection, mixed masses of platelets and organisms
were found in the capillaries of the liver and spleen. This phenomenon
was not observed when a virulent pneumococcus was injected into the
rabbit, In the dog however the same virulent strain of pneumococcus
united with the platelets and both disappeared from the circulation.
Continuing the investigations Goverts'”’ found that intravenous
injection of washed blood platelets accelerated thé elimination
of typhoid bacilli from the blood of guinea pigs. He observed also
that the red blood corpuscles of the sheep, after exposure to the
action of rabbit plasma, were agglutinated "in vitro" by the
platelets of the rabhit?‘ The same occurred in other animals when
foreign red cells or particles of indian ink were injected into the
circulation?XM7
All this work suggests that the thrombocyte plays an important
role in maintaining the sterility of the blood stream by removing
organisms and foreign substances to the deep viscera for ultimate
destruction. Goverts* considered that adhesion of organisms to
thrombocytes was comparable to the first steps in- phagocytosis and
he thought that it depended on the opsonic action of the plasma or
serum on the bacteria, particles of indian ink and erythrocytes of
animals of another species.
In addition to this important function of removing bacteria
from the blood Popesco produced evidence to show that blood
platelets took a more active part in protecting the organism
against bacteria and their toxins. He demonstrated (a) that platelets

from immunised and non-immunised animals prevented hzmolysis by

* References 104, 105, 107 & 110.
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staphylolysinﬂ? (v) that well washed blatelets from immunised
rabbits when in contast with fresh serum brought about granular
change in the cholera spirillum whereas this alteration was not
produced by plateleis from non-imuunised animals‘,g° (¢) that the
thrombocytes of a rabbit imnunised against red cells of an animal
of another species, for example, the sheep, produced hemolysis when
brought into contact with these red celle?l and (d) that platelets
from a rabbit immunised against the cholera spirillum when injected

into guinea pige afforded some degree of immunity to these aa\nirma.ls.'?z

3

This same writer working with Combiesco'® also demonstrated that the

watery extract of platelets of a suitably immunised rabbit had a
protective action against the cholera spirillum. A similar extract
of platelets from non-immunused animals, although it afforded some
slight protection, was not nearly so effective in its action. From
this work it would seecm that the platelet takes some part in
keeping the body imnune from infection.

The work of Goverts and Popesco thus suggests an explanation
for the reduction in the thrombocyte numbers observed in acute
infections., Diminution in the count would be due to the using up
of platelets in removing and in destroying the infecting agents.
In this connection it is interesting to note that absolute or
relative diminution in the thrombocyte count occurred in cases 19,
20, 34, 35, 36 and 71. In cases 20 and 71 organisms were grown on
blood culture, and in cases 19, 34, 35 and 36 the presence of
organisme in the blood could be assumed with & reasonable degree
of certainty. Further, when case 46 was given an intravenous
injection of T.A.B. vaccine, the number of organisms injected
being 100,000,000, it was found that the platelets in the capillary

blood steadily diminished in number for twenty-five minutes after
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the injection. Forty minutes later they had increased and within two
hours they had regained their original level. All these observations
are in keeping with the idea that the platelet is an important means
whereby the organism is rendered immune from bacterial infection.
Accordingly it would be reasonable to expect that where a thrombo-
cytopenia existed there would be lowered resistance to infection.

Certain writers take this view. Cramer, Drew and Mottram‘“i

considered
that the increased susceptibility to infection which was found in
rats when fed on a diet deficient in vitamin A, or exposed to the
action of X-rays or radium, was due to the thrombocytopenia which
resulted. They showed that sepsis occurred only when the platelets
became diminished in number.

In spite of all the foregoing evidence the interpretation of
the reduction in numbers as being due to a using up of thrombocytes
in the elimination and destruction of bacteria is not free from
objection. Although there may be no doubt that thrombocytes can
adhere to organisms and other foreign bodies it is still not clear
- that this adhesion occurs to such an extent that the platelets are
reduced in number and it certainly does not follow that this adhesion
proves ﬁhat the thrombocytes are really an important barrier against
bacterial invasion. It has been shown that diminution in the number
of thrombocytes did not occur in rheumatic fever and in case 36 -
lobar pneumonia - although there was & relative diminution the
numbers were never much below 400,000, It is recognised however
that in acute rheumatism the presence of an infecting organism
in the blood has not been established to the satisfaction of
everyone and in the case of lobar pneumonia it is possible that the
infecting agent was of a type that did not bring about adhesion of
platelets to itself. Even so, these findings tend to cast some doubt
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on the idea that the platelet is an active agent in maintaining the
sterility of the blood stream, and that the presence of organisms in
the blood brings about a reduction in the number of thrombocytes.
Other observations which have been made justify this doubt.

It has been shown that in diphtherié? in which disease the causal
organisms are not found in the blood, reduction occurs and the same
result can be procured experimentally with diphtheria toxin'’ and the
purpuric principle extracted from the pneumococcus.” Further it is
not commonly the case that the thrombocytopenia met with in purpura
hzmorrhagica and pernicious angmia is associated with an increased
susceptibility to infection. Furthermore it may be said, in contrast
to the observations of Cramer and his co-workers, that Bedson and
Zilva?ﬁg and Stammers“ﬁ independently, were unable to produce a
thrombocytopenia after feeding rats on a diet deficient in vitamin A.
Some other explanation will therefore have to be found for the
susceptibility to infection which occurs in the absence of vitamin
A from the diet,

The best evidence that the platelet is not of any great
importance as a barrier against infeqtion is provided by the
demonstration trhat bacteria can be eliminated from the blood in the

103

absence of platelets. Goverts himself discovered this on injecting
bacillus typhosus into the guinea pig after producing a thrombocyto-
penia with anti-platelet serum. Delrez’ and he also noted that when
a rabbit suffering from pneumococcal septiczmia wae inoculated with
anti-pneumococcal serum the pneumococci were agglutinated to each
other and disappeared from the circulation without any participation
of the blood platelets. This was also observed to be the case by

Bull and McKee’' who showed that in immunised and non-immunised

animals, whether deplateletised or not, agglutination of bacteria
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depended on the ampunt of agglutinin the animal possessed and not
on the presence of blood platelets. They also demonstrated that
thrombocytes were not essential to the formation of bacterial clumps
and that the presence of these elements in the agglomerstions was
merely an incidental phenomenon. Furthermore it was shown by
Ma.nwéring and Coe”® that the capillary endothelium of the liver of
an actively immunised rabbit fixed pneumococci when perfused with
a quantity of Ringerfs solution containing these organisms. This
did not occur in the non-immunised liver except when immune serum
was added to the perfusing fluid. It is apparent that other factors,
humoral and cellular, are concerned in keeping the blood sterile and
free from foreign bodies and it is likely that the sterility of the
blood depends on the opsonising action éf the blood plasma which
brings about true agglutination of organisms between themselves
and their adhesion not only to platelets but also to the phagocytes
of the blood and to the cells of the reticulo-endothelial system.
The primary importance of the plasma in the phenomenon of
elimination of foreign bodies is further emphasised by the
demonstration by Roakam"s that adhesion of opsonised foreign bodies
to the platelets was independent of the life of these elements and
was not due to a secretion liberated before death. He also found
that despite a series of washings a pellicle of plasma adhered by
adsorption to the surface of the thrombocytes so that the adhesion
of opsonised organisme and other foreign bodies was not effected at
the actual surface of the platelet but was due to the leyer of

surrounding plasma. Agglutination and adhesion are thus pasgive
phenomena and not the result of any vital activity on the part of

the thrombocyte. According to this view agglutination of bacteria

is essentially a humoral function and the part played by the platelet
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in removing organisms from the blood is accidental and is due to
the "plasmatic atmosphere" which surrounds it.

While that is so, it should be mentioned that Popesco’ in
his experiments on the hzmolytic action of immunised Platelets
(page 51) could not attribute the h=molysis to traces of hzmolysin
which still adhered to the platelets, He found that the fluid in
which the platelets were last washed did not have any hzmolytic
power, and conversely, that normal platelets which had been in
contact with hemolytic serum and then washed in a similar manner
did not possess any hzmolytic action.

Until the differing observations of Roskam and Popesco are
satisfactorily explained the question as to whether or not the
platelet is an active or passive agent in removing foreign bodies
from the blood stream must remain open. In the meantime the more
convincing evidence favourahthe idea that the blood plasma plays
by far the greater role in combating microbic invasion of the blood
stream and that the plateleis have a minor and very unimportant part
in the elimination of bacteria from the blood stream. Some cause
other than the simple using up of platelets for the removal of
organisms will therefore have to be found to explain the tendency
to reduction in the platelet numbers in acute illnesses.

It is thought that in acute infections alteration in the
platelet count is due to the presence within the body of a toxic
agent. In the acute phase toxic disturbance would inhibit or otherwise
modify the activity of the platelet-forming tissues and thus,
according to the disease, the degree of toxzmia and possibly the
duration of the infection there would be varying degrees of diminution
in the thrombocyte count. In rheumatic fever and chronic forme of

tuberculosis, cases 72 and 73, the toxic disturbance may not be
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enough to produce a preliminary reduction in the platelet count.thus.
the numbers tend to be high. That the thrombocyte count depends to
some extent on the degree of toxszmia is shown by the observation that
although larger doses of tuberculin and diphtheria toxin poison,
smaller doses irritate, the thrombopoietic tissues,

With regard to the thrombocytosis which has been noted in the
acute illnesses investigated it follows that it must be due to one
of two causes. In the first place when it is preceded by reduction in
the thrombocyte count and occurs just before or during convalescence
it will be a reactive process due to subsidence of the infection and
the removal of toxic inhibition of the platelet-forming tissues. On
the other hand if it takes place when the patient is acutely ill as
in rheumatic fever, cases 37, 39, 40 and 43, it is possible that it
is evidence of stimulation of thrombovoiesis or that it is a
reactive proeess indicating the approach of convalescence. It is
unlikely that the thrombocytosis observed had anything to do with
the establishment of a period of immunity to infection for it was
observed to occur in case 33 in which there was no evidence of
bacterial infection or toxzmia. When first admitted to the ward this
patient was pale and ill-looking but with the improvement in her
general health and the onset of a feeling of well-being a thrombocyte
reaction resulted. It has been shown also that a similar rise in the
platelet count occurs in the convalescence which follows surgical
operations* and parturitiod” in the absence of sepsis,

According to this view the thrombocyte increase which so often
occurs in convalescence merely reflects the state of bone-marrow

activity and as such may be brought into line with the thrombocytosis

noted in the hzmorrhagic group.

# References 32, 36, 71, 120 & 149,



THE CAUSE OF TEROMBOCYTOPENIA IN PURPURA HaMORKHAGICA,

The frequent occurrence of thrombocytopenia in this disease has
induced many authors to consider it the essential lesion and the one
which explains all the symptome characteristic of the illness. It
has therefore become a matter of importance to find out how this
great reduction in the thrombocyte count is brought about.
Theoretically such a reduction could either be caused by diminished
thrombopoietic activity or by increased activity in the platelet
destroying tissue =~ the reticulo~-endothelium - most of which is
contained in the spleen. There are two theories each of which attempts
to explain the cause of the diminished thrombocyte count in purpura
hemorrhagica.

The one attributes the thrombocytopenia to interference with
platelet production due to selective toxic injury of the megakaryocytes
in the bone-marrow. According to the adherents of this idea the
myelotoxin arises in the spleen, therefore the good results which
follow splenectomy are due to the removal of the source of the toxin.

Greater support has however, been given to the other theory the
followers of which believe that the spleen is overactive in destroying
platelets's” It has been shown that the blood platelets found in the
thrombocytopenia of purpura hzmorrhagica are frequently very large
thus suggesting regenerative activity in the marrow, rather than
inhibition, an idea which is in turn supported by the finding that
there is an increase in the number of megakaryocytes in the marrow.
With regard to excessive destruction of platelets, supporters of this
theory think that the presence of many platelets within the spleen,

when contrasted with the thrombocytopenia of the blood, is evidence

- 5%
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of increased destruction of these elements and the fact that there is
an imnediate increase in platelet numbers after splenectomy is to
them additional proof that the spleen is hyperactive in platelet
destruction as it is unlikely, if the bone-marrow were injured by
toxins, that the thrombocyte increase would be so sudden. They explain
the cases in which there is a gradual return of the platelets, after
splenectomy, to the former low level, and those cases in which
removal of the spleen is not followed by an increase in the nuamber

of thrombocytes, by stating that other parts of the retieulo-
endothelial system have taken over the function of the spleen, or

that the whole of this system including those parts outwith the spleen,
has been hyperactive from the beginning. It is known that vicarious
hyperplasia of the reticulo-endothelial system may occur in
splenectomised animalsql According to this view the operative results
depend on the degree of hyperactivity of the reticulo-endothelial
system outside the spleen.

If the reticulo-endothelium plays such an active part in the
pathology of purpura hezmorrhagica it would be expected that
examination of spleens removed from patients suffering from this
disease would afford some evidence of increased destructive activity.
The following is a brief summary of the more important appearances
which have been noted.* The spleens varied in size, some were
enlarged and others normal. The capsule and trabecul= in some cases
were thickened and the organ was soft and pulpy. The malphigian
bodies were prominent, normal or under developed. The most constant
of the changes reported was primary or secondary proliferation of the

reticular cells in the sinuses and malphigian bodies. Some observers
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noted the presence of platelets or platelet-like substances within

the endothelial cells, but others could not find, and others did not

look for, any evidence of platelet destruction. Endothelial
proliferation was found in a lymph gland removed at the time of

splenectomy in a case of purpura hemorrhagica by Sutherland and

Williamsonz.07

With regard to the second theory it cénnot be claimed that the
evidence in favour of increased platelet destruction in the 8pleen
is entirely satisfactory. The presence of more thrombocytes in this
organ than are present in the blood is not sound proof of increased
destruction for it is known that the spleen may act as a reservoir
for platelets - see page 28. Again endothelial proliferation in the
spleen might indicate that this organ was the source of some
altered secretion which is introduced into the blood stream and upsets
thrombopoiesis. Further,direct evidence of platelet destruction is
not always found and what evidence there is is not very convincing.

In addition, a very quick increase im=bise in the platelet numbers
comparable to that occurring after splenectomy, for example in case 18,
can occur where there has been toxic damage or toxic inhibition of

the bone-marrow: rapid spontaneous increases are shown in many of

the graphs in the appendix, notably that of case 35.

With regard to the idea that there is toxic interference with
‘platelet production in the bone-marrow the work of Seeligergu is
interesting. In a study of the spleen and the bone-marrow in essential
thrombocytopenia he found that in about half of his cases the number
of thrombocytes in the spleen was increased and he was of the opinion
that in these cases there was destruction of defective platelets. In

the remaining cases he got no evidence either of increase in the

number of platelets contained in the spleen or of increased destruction
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of these elements. In the bone-marrow of two cases there was no
diminution in the nuaber of megakaryocytes but Seeliger found that
these giant cells showed signs of nuclear degeneration and were
deficient in granules: indeed many were agranular.¥* This observer
was of the opinion that the thrombocytopenia was due to toxic
disturbance interfering with the normal functioning of the
megakaryocytes.,

Considering all the evidence it seems to be agreed that the
platelet-forming cells are not diminished or absent. Even so it is
not clear whether the thrombocytopenia of purpure hzmorrhagica is
due to diminution in thrombopoietic activity or excessive platelet
destruction in the spleen and there is room for doubt regarding
the reliability of the evidence in favour of the latter view.

At this stage it is necessary to take a wider view of the
subject. Reference to the four cases of purpura hzmorrhagica
mentioned in this work will show that only in one, case 4, was a
marked thrombocytopenia observed, and that on a previous occasion
the platelets, though somewhat diminished, were not so low as to
constitute a thrombocytopenia. In case 1 the thrombocytes were also
diminished during the observations of 1928 but in 1929 they were
rather above the average number found in health. The other two,
cases 2 and 3, always showed high counts. During 1929 morphological
examination of the platelets of cases 1, 2 and 3 did not give any
clue, as would be suggested by the presence of immature forms, that

the high counts in these cases were due to increased thrombopoietic

activity in response to excessive platelet destruction. From the

evidence afforded by the study of these cases it is apparent that

ial from one of Secliger's cases was
* NOte.o%¥gigggeﬁ;asternal puncture belore splenectomy.
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in purpura hzmorrhagica the platelets may vary numerically within
wide limits. Thrombocytopenia may be present, or the platelets may be
moderately diminished, normal or slightly increased in number in the
presence of hsmorrhagic symptoms. Further, spontaneous increase in
the count may occur without removing the spleen. Other writers have
recently reported cases in which there was no reduction in the number
of platelets* and Forster's‘cases illustrate that in addition
spontaneous numerical increase may follow thrombocytopenia.

It is very doubtful therefore if, in purpura hszmorrhagica,
thrombocytopenia is the cause of the characteristic lesions. Rather
it would seem that the platelet count varies independently of the
hzmorrhages and that thrombocytopenia, although very commonly
associated with bleeding in this disease, is merely a superimposed
phenomenon of secondary importance. Tidy?* is of the opinion that
fall in the platelet numbers is secondary to damage of the capillary
endothelium and loss by hemorrhage, This hypothesis is not supported
by the knowledge that in other diseases in which there is damage to,
or alteration in the permeability of, the capillaries as in scurvy -
cases 7 and 8 - and Henoch-Schénlein (anaphylactoid) purpura - case 5 -
the platelets are not greatly diminished. With regard to the latter
disease it has been found that in experimental anaphylaxis the
traneitory diminution in the number of thrombocytes is due to their
agglutination and not to the demands made on them for protection
of capillary walls.** It has already been pointed out that the

presence of thrombocytes in increased numbers does not prevent

prolonged hemorrhage (cases 2 and 3). This would be unlikely if
the platelets protected the capillary walls. Again there is no

% References 100, 152 & 196.
*% References 10, 11 & 12.



‘62

apparent reason why thrombocytopenia or even diminution in the
thrombocyte numbers should be present in this disease if the
platelets are merely used up in protecting the capillary vessels
seeing that the bone-marrow is active, or potentially active, as shown
by the presence of megakaryocytes in normal or increased numbers and
the frequent thrombocytosis which immediately follows splenectomy.
Loss of platelets by hzmorrhage would not account for the thrombocyto-
penia as the platelets may be markedly reduced in some cases and yet
the bleeding very slight. It is evident that some other factor is
necessary to explain the thrombocytopenia which is frequently, but

not always, present,

From the study of the four cases of purpura hemorrhagica in this
work it is thought that diminution in the platelet count so often
found in this disease is a secondary or coincident phenomenon and
not the essential cause of the illness. It has been shown that in
diseases in which there is an undoubted toxzmia a reduction in the
number of thrombocytes is a frequent occurrence and that a spontaneous
increase follows when the toxic disturbance passes off. In all
probability the variations in the thrombocyte count found in
purpura hemorrhagica are somewhat similar to those observed in
toxzmic diseases. From the appearance of the megakaryocytes in the
bone-marrow in purpura hzmorrhagica Seeliger?®” thought that there
was toxic inhibition of thrombopoiesis. The "toxic" disturbance
may not be of the same type as met with in acute infections and,
considering the variations in the number of platelets, it may vary
in intensity. Indeed the interference with normsl thromtopoiesis
may be due to some metébolic disturbance or to deficiency of some
internal secretion. It is not altogether & new thing to have a

thrombocytopenia produced by lack of some essential substance for,
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in pernicious anzmia an increase occurs in the platelet count
imnediately liver is added to the diet - see page 66. According to
this hypothesis the thrombocytopenia of purpura hazmorrhagica is due,
not to excessive destruction but to interference with normal

platelet formation,




OTHER FACTORS WHICH MODIFY THE PLATELET COUNT,

This group embraces those conditions in which variation in the
number of circulating thrombocytes was brought about by (a) exposure

to X-rays (b) by phenylhydrazine hydrochloride (c) by liver and (a)
by splenectomy.

Influence of X~-rays on the platelet count.

It is now well-known that leucopenia and anzmia can be produced
when the i

tissues are exposed to the action of deep
X-rays. This knowledge has been made use of in the treatment of
leukzmia and polycythzmia vera. Three cases of leukzmia, 10, 11, and
12, rec;;ved this form of treatment and in all three leucopenia
resulted. Similar therapeutic measures were adopted with two patients
suffering from polycythemia vera, cases 13 and 15, but only in the
former was the desired result obtained, the red cells falling
gradually from over 10,000,000 to about 4,260,000. In view of this
action of X-rays on leucopoietic and erythropoietic tissues it was
of interest to observe what influence irradiation would have on
the blood platelet production as shown by the thrombocyte counts.
Frank?! has reported cases of leukzmia in which, some time after
exposure to this form of treatment, signs of purpura hzmorrhagica
developed and on examination of the blood the thrombocytes were
markedly reduced in number. Thrombocytopenia has also been produced
in experimental animals after exposure to Roentgen rays. Lacassagne'?®

and his co-workers exposed pregnant rabbits to the action of these

rays and could not find any thrombocytes in the blood of the offepring
and Moller) after irradiating guinea pigs, produced a thrombocyto-

penia within 7 or 8 days.
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The effect of radiation on cases 10, 11, 12, 13 and 15 varied.
In acute leukzmia, case 10, the thrombocytopenia which was ultimately
observed could not be attributed to the Roentgen rays as reduction
in the platelet numbers seemed to be related to the increase in the
white cells rather than to the X-ray treatment as the blood platelets
were diminishing and the leucocytes increasing before X-ray treatment
comnenced. In chronic myeloid leukzmia the thrombocytes were
diminished after irradiation in case 11 .but not in case 12. The
latter case had only one exposure and although the platelet count
was somewhat lower after treatment it is doubtful if the diminution
can be attributed to the X-rays, (see page 35). The results obtained
in polycythzmia vera were also variable. In case 13, the platelet
count did not seem to be influenced in any way. In case 15, the
thrombocytes, after reaching a value of over 1,000,000 ultimately
fell to below 100,000 and the impression was gained that in the
beginning at least, the Roentgen rays stimulated the thrombopoietic
tissues. In this case the polycythzmia was not influenced by the
treatment.

In all these cases an erythema dose of deep X-ray therapy was
given at each exposure but the total number of doses given varied
in each case with the response to treatment.

From the results of these observations no very satisfactory
conclusions emerge but it is apparent that, although the platelet
numbers can be diminished by X-rays in the doses given, the effect
varies with the patient and possibly with the disease, the thrombocyte
count being more readily influenced in some cases than in others.

Influence of phenylhydrazine hydrochloride on th count.

This drug has the power of destroying red blood corpuscles and

it was used in the treatment of two patients, cases 14 and 15, both
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of whom suffered from polycythsmisa vera'.s3 In each case the erythro-
cytes were reduced in number but the presence of reticulocytes and
polychromasia showed that an active process of red cell regeneration
was going on side by side with destruction. This together with the
leucocytosis and increase in the number of platelets, pointed to

the fact that the bone-marrow in both cases was very &active. This
generalised hzmopoietic activity was probably a response to the
demand for red cells to replace those destroyed by the phenylhydrazine
although it is difficult to exclude the possibility that the Blood-
forming tissues were not directly stimulated, in view of the
knowledge‘that certain drugs, phenylhydrazine being one of them, can
call forth a neutrophil polymorphonuclear leucocytosis. The increase
in the platelet numbers may therefore be due to direct stimulation
of the thrombocyte~forming tissues but it is much more likely that
the thrombocytosis in these two cases is similar to that which is
present after severe hezmorrhage and is merely an expression of
generalised hemopoietic activity. Attention has already been drawn
to the finding of Bedson and Johnstggwithat an increase in the
number of megakaryocytes occurred in the bone-marrow in presence

of red cell destruction.

Influ of liver on the platelet count.

Impressed with the earlier work of Whipple Hopper and Robscheit’
who found that liver wae very efficient in promoting complete blood
regeneration, Minot and Murphy*? were the first to treat pernicious
anzmia with that substance. Its beneficial action in that disease is
now well-known and ae five cases of pernicious anzmia admitted to
the wards showed a diminution in the number of platelets the

opportunity was taken to observe what influence liver treatment

exerted on the thrombocyte count.



67

In all cases the blood platelets increased although in case 21

the count remained low. However most of the observations on this
patient were carried out during the time he was reporting as an
out-patient and it was not possible to be sure that liver was taken
regularly. In the remaining four cases the thrombocyte counts
increased to within normal figures while the patients were still

in hospital. Cases 22 and 24 were known to have had pernicious
anzmia for many years and it will be seen that the response in
these cases was very gradual. The response in case 25 was however
more rapid. In these three cases the counts never reached beyond
400,000 but in case 23 the curve was unusual in that it showed a
very rapid rise to the high value of over 900,000 and then a
gradual return to the 400,000 level. The two cases in which the more
rapid response was observed were not of very long standing and it
was noticeable that in these cases also there was an increase in
all three formed elements of the blood - erythrocytes, leucocytes
and thrombocytes,

It is apparent therefore that in pernicious anzmia treatment
with liver produces an increase in the number of circulating
thrombocytes. The platelet-forming tissues therefore participate
in the general improvement in hzmopoietic activity produced by liver.
It is not understood whether the liver supplies the marrow with some
substance necessary for normal blood cell production, or whether it
neutralises the action of some substance which is inhibiting or
modifying this function.

Influence of splenecto on the platelet count.

It has been stated in previous pages that the spleen destroys
effete blood platelets, a function which it exercises in virtue of

its association with the reticulo-endothelial system most of which,
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in the human being, is contained in the spleen. Thus when
splenectomy is performed an increase in the number of circulating
platelets should result. This was found to be so in case 18, the
numbers being maintained at a high level. Three and a half months
after operation the count was nearly 700,000, This finding supports
the conclusion that the spleen removes and destroys blood platelets,
the numbers remaining high until some other tissue takes over the
function of the spleen. It must be remembered however that after
other operative procedures an increase in the platelet count occurs*
so that the thrombocytosis-following on splenectomy may be due in
part to the operative interference. The increased platelet count

due to surgical‘operation however does not become evident until
about the sixth day after operation and normal numbers are reached
within about three weeks. It may be concluded therefore that the
behaviour of the thrombocytes after splenectomg in case 18 was due
to the removal of the spleen and not simply to the surgical
measures involved.

It is of interest to note that the platelet counts of case 17,
two years after splenectomy, showed the thrombocytes to vary between
490,000 and 590,000, These numbers are perhaps somewhat high yet
when compared with the higher values shown after splenectomy by case
18 they are in keeping with the idea that soxe tissue may have
assumed the role of the spleen in regulating the number of platelets
in the blood. Vicarious hyperplasia of the reticulo-endothelial

tissue has been found in splenectomised animals by Pearce and

7
Austinﬁl

#* References 32, 36, 71, 120 & 149.



+ BLOOD PIATELETS AND COAGULATION,

The absence of general agreement as to the mechanism of
coagulation of shed blood makes it somewhat difficult to discuss the
relationship of the platelet to this process. In addition to this
difficulty doubt exists in the minds of many people as to the part,
if any, played by the thrombocyte in this very complex phenomenon.
However a number of observers attribute to the platelet an important
function in coagulation.

Hayem"® and Bizzozero*’ thought that the blood platelets initiated
the clotting process as they found that fibrin was formed only where
thrombocytes had accumulated, for example, at the nodes in the fibrin
network. The thrombocytes of frogs' blood have been observed, in the
process of coagulation, to undergo agglutination and rapid disinteg-

ration'®”

and they have been found also where strands of fibrin cross
each other>' Moreover in certain crusta@i, the "explosive corpuscles"”
which are regarded as the homologues of the thrombocytes of the frog
and the platelets of man, disrupt on coming into contact with clean
foreign surfaces and then become the centres of coagulationfog
It has been said that a similar platelet cytolysis occurs when human

. 20,22
blood is shed and thas spontaneous coggulation is inaugurated,’

This concept is supported by the observations of Tait and Burke”
who watched the changes taking place in platelets contained in the
plasma from which red corpuscles and white cells had been removed.
Under dark field illumination they noted that the blood platelets
first tended to agglutinate. The individual thrombocytes then
gradually expanded until they suddenly disintegrated. When this

occurred globules were liberated and projected into the surrounding
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medium and in their trail they left a strand of fibrin. The fibrin
was most dense where cytolysis had been most abundant. Tait and Burke
regarded the globular material as thrombin. Wright and Minot** also
thought that agglutination and fusion of blood pPlatelets in shed
blood was intimately associated with the early stages of coagulation.
Other workers also regarded the platelet as the source of a
coagulating principle which was liberated on lysis of the element.

I—Iowell"9 and others"“u

believed it to contain prothrombin and
thromboplasgtin., Morawitz'* thought it contained thrombogen and
thrombokinase, while Bordetu.regarded the blood platelet as one of
the sources of cytozyme.
The importance of lysis of the platelet in setting in motion
the clotting process seems to be substantiated by the well known fact
that coagulation occurs only in the presence of free calcium. Calcium
chloride has been found to produce lysis of platelets and it has been
thought that under normal conditions calcium acts on the platelet
and inaugurates clotting. It is noteworthy that many of the substances
which preserve the morphological characteristics of the platelet also
inh&bit coagulation. Many of them fix calcium.* On the other hand it
has been shown that platelet extracts reinforce and accelerate clotting®*
The view that the thrombocyte is of primary importance in
coagulation receives further support from the study of the clotting
process as it occurs in plasma from which thrombocytes have been

removed. It has been found that deplateletised mammalian blood clots

but slowly"tu°and Burke and Tait' considered that wholly deplateletised

blood would not clot spontaneously on glass. Oxalated plasma, after

filtration through a Berkefeld filter, is deplateletised and clotting

* i ing™ ' i hat a general
¥ Note., Pickering'® does not think t g
Hote correSpoggence exists between anti-coagulants
and substances which preserve platelets,
#** References 45, 69 & 126,
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fails to occur on the addition of calcium chloridefy In the same way
frog's plasma also remains fluid after filtration®’ Similarly lyamph
and hydrocele fluid are platelet free and these coagulate only very
slowly, if at all. They do not clot spontaneously and the process
can be initiated and hastened by the addition of platelet extracts.
The larger the number of platelets or the greater the quantity of
the extract added the more rapid is coagulation and the richer the

coagulum in fibrinfs

From all these experiments and observations it would seem that
the thromboéyte is essential not only for the initiation of
coagulation but also for the acceleration of the process.

It cannot be said that this conception is accepted by all
as a number of obsérvers deny to the platelet such an important
function as the initiation of the clotting process in extravasated
blood. They consider that tne plasma and not the platelet is the
primary factor on which coagulation depends. Denys,” in a case of
purpura hzmorrhagica showing thrombocytopenia, found that the fibrin
network was laid down without the presence of blood platelets.
Achard and Aynaud observed that agglutination of blood platelets
occurred independently of coagulation' and they found that the
thrombocytes could remain isolated and independent of the fibrin
network? They thought that the modifications occurring in the
platelets were secondary to the process of élotting and induced by
the coagulating agents. Further, they did not observe any constant
relationship between the integrity or alteration of the platelet onmn

the one hand and the coagulability or incoagulability of the blood
on the other& Moreover, platelets can be preserved on oiled or

paraffined surfaces, when the first stage of clotting - the formation

of a reversible gel - has occurred.* From these observations it

172
* Burker, cited by Pickering.
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would appear that coagulation is initiated and fibrin laid down
without the aid of blood platelets.

Certain work has also been done on the clotting of blood in the
absence of blood platelets. After a thrombocytopenia had been produced
by the injection of gelatine into the circulation it was found that
the blood coagulated and retracted rapidly in the absence of thrombo-
cyteéz Conversely, in incoagulable peptone blood, even after the
thrombocytes had returned to the circulation the blood remained
incoagulable?qé The action of nucleic acid is similar to that of
peptone as it exercises its anti-coagulating power in the presence
or absence of platelets?‘

The validity of the filtration experiments has been called in
question on the grounds that although the platelets have been removed
the plasma has also been modified. It has been pointed out that the
filter holds back for a time not only suspended elements but also
various proteins in colloidal solution in the plasma, in such a way
that the earlier portions of the filtrate do not clot while the later

"3 found

portions coagulate readily?l Even as early as 1878 Hayem

that filtered plasma clotted but the process took longer to complete.
It is apparent from these experiments that the plasma may be

modified so as to inhibit coagulation thus suggesting that it is

the plasma and not the platelet which is the important factor in

coagulation.

It will therefore be seen that the position of the platelet in
the process of coagulation is not definitely settled and that there
is controversy as to whether the plasma or the platelet is of
primary importance in this phenomenon. However it would seem that
disintegration of platelets is not necessary for the inception of

clotting and that coagulation of blood is due rather to alteration
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in the stability of the colloidal equilibrium of the plasma.
Pickering and Reevesn7 found that, although the thrombocyte;free
plasma of birds coagulated slowly, it contained all the essentials
necessary for coagulation. It appears however that platelets and
their extracts can accelerate coagulation of deplateletised plasma
or platelet-free fluids. This acceleration can also be produced by
the addition of some tissue extracts and serum both of which
probably act in virtue of platelet substance which they contain.

In this connection it is difficult to exclude the poscibility that
the acceleration is due to the presence, in the extracts, of traces
of the original plasma from which the platelets or their substances
were obtained. It has been shown that it is difficult to get rid of
such plasma as it is adsorbed to the platelet surfacef%my While that
is so it is probable that platelets and their extracts hasten coagu-
lation. Under this assumption platelets are not responsible for the
commencement of coagulation and play only a secondary part in the
process. They would however exercise an important influence on
hzmostasis in that they would accelerate clotting. If this conclusion
is justified it would receive support from the result of clinical
investigation into the relationship between the duration of clotting
time and the number of platelets in the circulation at the time of
bleeding.

This relationship is not a subject to which a great deal of
attention has been paid but a few references are available and from
them it is apparent that the question is still unsettled. Roskam'?'
produced an experimental thrombocytopenia in dogs and found that
the clotting time remained more or less constant although the
platelet count varied from over 400,000 to about 33,500. In certain

diseases associated with splenomegaly showing thrombocytopenia



4

Rosenthafqo did not find any change in the clotting time. Other
authors* as the result of clinical investigation did not find any
relationship between the number of platelets in the circulation and
the coagulation time. On the other hand Fvans®® and otherémw» were
inclined to favour the idea that duration of clotting time varied
witn the number of thrombocyies iu the blood and they published data
to show that there was some slight correspondence, which however they
did not wish to stress, between prolongation of coagulation time
and thrombocytopenia on the one hand and diminished coagulation time
and increase in the number of platelets on the other. In influenza
with hemorrhagic manifestations, delay in the clotting time has been
attributed to reduction in the number of blood platelets.  In the
acute phase of lobar pneumonia some authors found the coagulation
time to be shortenedw-and others found it to be ;c.wrolongecit“"‘z Let it
be said here that in none of the three cases of lobar pneumonia
investigated in this work did the coagulation time vary in any
constant fashion either with the phase of the illness or with
alteration in the number of circuleting platelets,

These observations serve to illustrate the diversity of opinion
on this subject. The clinical evidence afforded by investigation
of the cases in the appendix, favoured the conclusion that alteration
in the duration of clotting time did not depend on the number of
platelets in the circulation at the time of bleeding. In practically

every case the two varied independently of each other. In the same

patient, case 10, the coagulation time was 1'45" when the platelets

numbered 1,970 and 2' when the number was 194,035 or, as in case 36,

when the clotting time was constant at 1'45% the thrombocyte count

#* References 70, 74, 113 & 202,
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on separate days was 377,585 and 1,007,770,

Vhere prolongation of coagulation time was present it was found
not to depend on changes in the platelet count but rather on the
presence of hzmophilia (case 9) or jaundice (cases 18, 62 & 65),
but even where the latter was present delay in clotting was not a
constant feature (cases 63, 64 & 66),

In hzmophilia the delay in coagulation has been ascribed to
qualitative change in the hzmophilic blood platelet. Addis® showed
that there was a defect in the prothrombin which revealed itself in
the longer time this substance required to change into thrombin.
Minot and Lee® working on the assumption that the platelet was the
source of prothrombin, thought that the hzmophilic thrombocyte was
defective, in that it failed to give up prothrombin readily. They
demonstrated that platelets when isolated from normal blood and
transferred to hzmophilic blood shortened the coagulation time
although hzmophilic platelets when added to hazmophilic blood
shortened the coagulation time only very slightly. Doubt has been
thrown on the value of this work by Roskam®™ and Feissly™ both of
whom have shown that washed platelets are active only because of the
plasma which is adsorbed to their surface. It is difficult to obtain
platelet substance free from adsorbed plasma even after repeated
washings. Thus it appears that the defect in the coagulability of
the blood in hzmophilia is present in all probability in the plasma
jtself and not in the platelets. This is also tre view of Pickering
end Gladstone™” who submit that the delay in clotting in hzmophilia

is due to the persistence in adult life of an embryonic state of
the plasma in which there is an excess of stable protective colloid.
From a consideration of the experimental work it must be

concluded trat the blood platelet takes some part in the procees
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of coagulation. If the results of "in vitro" experiments are
accurate indications it is probable that the thrombocyte functions
to hasten this process. Beyond this no further statement can be
made. From the evidence afforded by the clinical data it is
apparent that the number of thrombocytes in the circulation is no
guide to the rapidity with which clotting occurs when blood is
shed. On this account it is very doubtful if the platelet factor
in the clotting process is of more than secondary importance.
Coagulation of extravasated blood is a very complex phenomenon
and the clinical data obtained in this work seem to strengthen
the idea that coagulation depends primarily on the state of the

colloidal equilibrium of the plasma.



BLOOD PLATELETS AND THROMBOSIS,

It is well known that the white thrombus is composed of blood
platelets. Bizzozero“awatched the formation of the thrombus in the
mesenteric vessels of the frog by the gradual accumulation of
platelets when the vessel wall was pressed upon or cauterised, and
Eberth and Schimmelbusch® showed that when the blood flow was slowed
down the platelets passed into the periphery of the stream and, if
the vessel wall was damaged, they adhered to the'injured surface. It
is equally well recognised that when spontaneous thrombosis occurs
the first step in the process is the formation of the white thrombus
by adhesion of masses of platelets to the vessel wall. This thrombus
can only be formed in the flowing blood stream and it is only when
the lumen of the vessel becomes closed in the neighbourhood of the
white thrombus that the column of blood becomes stationary and then
rapidly undergoes coagulation to form the red portion of the thrombus.

Since the white thrombus is made up of blood platelets it is
of considerable importance to understand what relationship the number
of thrombocytes circulating in the blood, bears to the occurrence of
thrombosis. Rosenthal? pointed out the coincidence between thromnbosis
and an increased platelet count in certain cases showing Bantl's
syndrome, and he mentioned one such case in which, after excision
of the spleen, the platelets rose to over 1,000,000 and thrombosis
supervened. After this there was a diminution in the number of
platelets. Dawburn, Earlam and Evans” showed that the clinical
tendency to thrombosis and pulmonary embolism commonly occurred
during the period of platelet increase which followed surgical

operations and parturition. In thrombocytopenic purpura Leschke and

i
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Wittkower’ noted that in three of their patients a rise in the
number of thrombocytes preceded thrombosis.

Although it must be recognised that the blood platelet plays
a very important role in thrombosis it should be borne in mind that
increase in the platelet count alone is not sufficient to bring
about this phenomenon. Reference to the cases in the appendix will
demonstrate that many of the cases showed a rise in the throambocyte
count to numbers varying between 800,000 and 1,700,000 and yet
thrombosis did not result. The diseases in which this rise occurred
included leukemia, gastric and duodenal ulcer with and without
hzmorrhage, lobar pneumonia, acute rheumatism, nephritis and
malignant disease, in none of which is thrombosis a common feature.
Thrombosis is however a frequent complication of polycythsmia vera
and it occasionally occurs after the operation of splenectomy. It was
not observed in either of the two cases of splenectomy (cases 17 & 18)
mentioned in the appendix. In polycythzmia vera, although a thrombo-
cytosis occurred in both cases, 14 and 15, it was only in case 14
that thrdmbosis occurred. This could not be attributed directly to
the phenylhydrazine as in case 14, there was a history of thrombosis
and haematemesis’.s3

It can only be concluded therefore that increase in the nuaber
of circulating thrombocytes is not sufficient to induce thrombosis
but is only one of several variable factors, for example, slowing of
the blood stream, damage to the endothelial lining of the vessel
wall, alteration in the coagulability of the blood plasma and
possibly changes in the agglutinability of the blood platelets. The

relative importance of each of these factors is difficult to assess.



BLOOD PIATELETS AND CLOT RETRACTION,

When blood from a healthy person is collected into a test-tube,

capillary tube or open dish and kept at body or laboratory temperature,

it coagulates, the coagulum being equal in volume to the amount of
blood contained in the vessel., Within one hour the clot commences to
shrink from the side of the containing vessel and within the period
. of a few hours this shrinkage has progressed to such a degree that
the clot floats freely in the serum which has been extruded from the
coagulum in the process of contraction. This phenomenon of shrinkage
or contraction of the clot, with extrusion of the serum, is known

as syneresis or retraction.

Many authors have shown, and it is accepted by most, that
syneresis depends on the presence of thrombocytes in the blood and
it has been stated that the amount of retraction and extrusion of
serum is directly proportional to the number of platelets present.¥

Hayem"® observed that in purpura hzmorrhagica the phenomenon of

retraction of the blood clot was absent. This observation has now been

80 extensively confirmed that asyneresis has come to be regarded as an

important sign of that disease. It has been occasionally noted

however in pernicious anszmia, aplastic anzmia,and in certain types

of Banti's diseasel® all conditions in which thrombocytopenia is not
uncommon. In these diseases it is frequently found that when the

number of circulating platelets falls below 100,000 the clot formed
is soft and jelly-like and there is scarcely any retraction or

expulsion of serum.

* References 18, 78 & 115.
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Further clinical support for the idea that the amount of
retraction depends on the number of platelets in the blood is
afforded by the observation that after the spleen has been removed
in the treatment of purpura hzmorrhagica and Banti's disease,
retraction of the clot becomes progressively increased coincident
with the rise in the thrombocyte count which habitually follows
this operation.*

In the realm of experiment it has been shown that after
sedimentation and filtration of plasma retraction occurred only
in proportion to the number of platelets presentqs It has been
observed also that when well-washed raboit blood platelets were
added to cell-free oxalated plasma retraction occurred on
recalcification and that the larger the number of platelets added the
greater was the amount of retraction?6 The same has been found when
hydrocele fluid and cell-free paraffined plasma were substituted
for oxalated plasma?7 "In vivo" experiments have also shown an
intimate relationship existing between the thrombocyte and retractioﬁ?uq
It has been demonstrated that blood from an animal deplateletised by
injection of antiplatelet serum lost its power of retraction on
coagulation until blood platelets had reappeared in the circulation'3'3*
and similarly that the platelet-free incoagulabhle blood of experi-
mental anaphylaxis failed to retract when coagulation was induced?®

The importance of the thrombocyte in syneresis of the clot is
further emphasised by the knowledge that agents which modify or

destroy platelets can influence syneresis. This phenomenon can be

. 4
retarded or suppressed by crushing or drying the plateletsﬁ7 by
3
heating them to between 50" and 58°Centigrade;6 by cooling them to

* References 47, 85, 86, 99 & 124,
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4 Centigrade, or by exposing them to the action of anti-platelet
137,139

serum, sulphuric acid, chloroform, ether, saponin and bile, to

distilled water and sodium fluoridd‘ and to quinine and chlorcalciuqu

[ 4

‘
Ageing of the platelets also modifies clot retractioni’wo

The foregoing observations taken collectively form a mass of
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