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ABSTRACT
A. A comprehensive and in depth review of the
increased permeability of the vascular wall in
thrombocytopenia was expedited. As part of this revaiew,
the following areas were covered: 1. arradiation
induced thrombocytopenia and the vascular wall defect;
ii. anti-platelet serum induced thrombocytopenia and
the vascular”wall defect; ii1i. the endothelium and
curreng theories on the role of platelets in supporting
endothelial cell homeostasis; iv. the direct effect of
irradiation and of anti-platelet sera on endothelium cell
function and vitability; v. current models of explaining
the endothelial cell changes and the escape of
erythrocytes from the macroscopically intact capillaries
and venules in thrombocytopenia; vi. a comparative
analysis of the two thrombocytopenia models.
B. Although both gualitative and quantitative studies
of the spontaneéus extravasation of erythrocytes in
irradiation induced thrombocytopenia have been made in
the past, only gqualitative electron microscopic studies
have been reported up until now for the ahti—platelet serum
thrombocytopenic model. 1In the present work, we

established such a guantitative estimate by studying the
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changes of the cellular content of the thoracic duct'
lymph in anti-platelet serum rendered thrombocytopenic
animals. The level of those changes was lower than the
level of corresponding chénges reported by oghers in the
irradiation thrombocytopenic model, and for equally
severe thrombocytopenia. The possible reasons for this
difference were evaluated and discussed.

C. The experimental technique developed here to study
the vascular wall thrombocytopenic changes has certain
advantages that renders it & useful tool in the study of
platelet functions and in the evaluation of drugs claimed
to have an anti-purpuric effect. One of the main
attractions of this model is that 1t distinguishes between
red blood cells extravasated through direct bleeding
during the cannulation operations and spontaneously
extravasated red blood cells post-operatively and post-
APS. This is simply achieved by infusing the tagged

RBC long after any possible bleeding has ceased and using
those tagged RBC as a measure of RBC content in.lymph.
The animals are rendered thrombocytopenig post=-

the infusion of the tagged RBCs. Furthermore, the model has
been shéwn to be reversible and platelets can be
transfused and survive lAtO the thrombocytopenic animals

shortly after the anti-platelet serum infusion into the

same animals. SN
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"AND IN THE BEGINNING IT WAS LIGHT,
ONLY NOBODY WAS THERE TO SENSE IT;
THEREFORE, IT DID NOT MAKE ANY
DSFFERENCE- WHETHER IT WAS LIGHT OR
DARK.

AND THEN MAN CAME ALONG AND CREATED
CONFUSION."

— GREGORIOS



CHAPTER 1

i °
EXTRAVASATION OF ERYTHROCYTES FROM THE INTACT
VASCULAR COMPARTMENT XINTO THE INTERSTITI/.L SDACDS
IN POST-IRRADIATION THROMBOCYTOPENIA

1. Post-Irradiation Thrombocytopenia

The first published observation of the relation-

ship between lethal range irradiation and thrombocytopen-

ia was made by Lacassagne andLavedanl in 1922,

2 in 1931 related this thrombocyto-

penia to the post-irradiation (lethal range) hemorrhagic

Shouse et al

and purpuric tendencies in dogs. They also postulated

that, since platelets are not sensitive to this range 4

of irradiation, it was the severe damage of megakaryocyEEE\\\.
and cessation of thrombopoiesis that,caused the throm-
bocytopenia;‘as normal aging removed platelets from the
circulation. From this hypothesis, and their measurements

of post-irradiation platelet counts, they were able to
calculate fairly accurately the life spaﬁ of platelets in
dogs. ¥

2. Post-Irradiation Anemia. Escape of Erythrocytes
from the intact Vascular Compartment

Over a quarter of a century ago it was a well known

fact that in cases of severe total body irradiation of

3,4,5 2,5,6,7

humans and of animals post-irradiation gen-

’



vralized purpura accompanied by hemorrhagic tendencies
and severe anemia was one of the common homeostatic dis-
turbances contributing to eventual death. This anemia is
not always associated with macroscopic bleeding and 1t is
of such steep onset and progress than it could not be
explained at the time, even in the presence of complete
cessation of hemopoiesis, in view of the fairly long

life span of erythrocytes. Furthermore, this anemia was
often accompanied by marked peripheral reticulocytosis
indicating a still functional hemopoietic system.

Kahn et al8 in 1952 were able  to provide some
experimental evidence that massive (700-1000 r) total
body irradiation of animals ({(rabbits) causes a severe
anemia without direct injury of erythrocytes*. They
injectea.tagged RBC into some animals before irradiation
and into other animals post-irradiation,and studied the
disappearance rates, which were found to bé the same, but
faster than in control non-irradiated animals. They
postulated that the observed anemia was caused in part by
irrédiation induced damage 6f the endothelium of the cap-
illary wall, resulting in erythrocyte extravasation into
tissue spaces and lymphatics. On the basis of their

histolbgical observations, they assumed that injury of the

+* about 20,000 r are needed in vitro to produce a
hemolytic effect



erythrocytes during the escape phase and during their
movement through tissue spaces resulted in their subseqyept
removal by the reticuloendothelial éystem. In autopsieé\
of sacrificed animals, depénding on the stage of the posﬁ&
irradiation syndrome, they found depletion of lymphoid
elements and the presence of erythrocytes in lympﬁ sinuses)
and at later stages, hemosiderin in large mononuclear \
phagocytes in the lymph nodes and erythiocytes in the
sinuses, and at even later stages, hemosiderin deposits in
lymph nodes with only a few erythrocytes present.

Kahn et al concluded that the post—irradiétion

! .
anemia is in part absolute, as there is impairment of

erythropoiesis aﬁd in part relative due to the diversion of
erythrocytes into the extravascular space and fluctuation
in plasma vol;me. However, Kahn et al did not postulate any
chrelations between post-irradiation thrompocytopenia

and its contributions to the altered physioloéical prop-
erties of the -vascular wall.

Further evidence of increased capillary perme-
ability in post-irradiation hemorrhagic syndrome was pro-
Vided by Wish et al® in 1952, who studied the increased
disappearance rate of varied tagged substances, 'including
homologous and heterologous erythrocytes and plasma, from

the blood stream of irradiated (LD-50) rabbits and maice.

They found that 2-14 days post-irradiation (LD-50) these

»
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substances disappéared faster from the blood stream of
irradiated animals than frQm-the bloodstream of control
animals. -

In a concurrent sudy to that of Wish et al,
Bigelow et al10 sampled thoracic duct lymph of irradiated
dogs and cats and studied its cellular and chemical
composition changes. They found an increased flow of
lymph and an increased red blood cell content in the
lymph of the irradiated animals. This increase seemed
gradual past the second post-irradiation day, reaching a
maximum of about seven to fourteen days. They reported,
for eight animals, an average maximum RBC count in

3 (23.5-1,070x10°/mm’), up from a

3

lymph of 523.2 x 103/mm
normal average value of 0.31x103/mm They also concluded
that-post—irradiation anemia is due to the diversion of
erythrocytes into the lymphatics and tissue cbmpartment )
and that many of the extravasated erythrocytes are
destroyed. Bigelow et al did not make any correlations
between thrombocytopenia“and increased capillary
permeability at this stage.

But, in a later publication of the same group
(Ross et alll, 1952) they make the important observation
that, since™massive localized irradiation is not followed
by hemorrhage at.irradiation sites, the possibility of

direct endothelial cell injury as the cause of the

observed post~whole body irradiation increased capillary



fragility and permeability is rather unlikely. Instead,
Ross et al preferred to choose in favour of Cronkite's

et alS, 1952, theory of thrombocytopenia related capillary
fragility and increased permeability. They also con-
sidered possible, as a less favoured hypothésis, that
direct bleeding into degenerating tissue of lymph nodes
may be a contributing factor for the appearance of

increased red cells in the lymph of the thoracic duct

of the irradiated animals.

3. The General Coagulation Defect of the Post-
Irradiation Syndrome and the Role of the
Platelets

Rosenthal et al13 in 1950, in their study of the

blood coagulation impairment in the post-irradiation
hemorrhagic syndrome, bostulated that the pos£—irradiation
coagulation defect cag be attributed chiefly to dimin-
ished plateiet levels,

14, in 1952, also relates the coagulation

Cohn
defect to the post-irradiation Qecreased levels of
circulating platelets arnd underlines the similarity of
the clinical anatomical picture of the'post—irradigtion
syndrome to that of thrombocytopenic purpura. .His
experiments demonstrated that the blood coagulation

defect in irradiated animals and in particular the rate

of clot retraction, correlated well with platelet level



and that clot retraction ceased to occur below a blood
platelet count of about 38x103/mm3.

But 1t.was Cronkite, Brecher and their associates
>, 14-17, 1949-1952, who eventually provided direct evidecnce
that the main cause of the post-irradiation hemorrhagic
syndrome was thrombocytopenia and that there was no
evidence of other impairment of the thén known hemostatic
mechanism. They wefe able to demonstrate that transfusions
of fresh platelets could rectify the failure of the irrad-
lated animals to utilize prothrombin and the subsequent
impairment of blood coagulation mechanism in vivo and in
vitro. Also, by'daily transfusion of fresh élatelets,
before thrombocytopenia developed in irradiated animals
{ Z LD50) they were able to prevent the hemorrhagic
phase as seen at autopsieé of the sacrificed or succumbed

animals.

4. The Role of Platelets in Maintaining a Competent
Intact Vascular Compartment

Woods et al18 i&fl953, in an extension of their
previous worklo, described the extent to which platelet
trgnsfusions diminish the hemorrhagic tendency.in
irradiated dogs and rats as manifestea by increased
erythrocyte counts in lymph. They postulated (see also

11, 15, 19) that platelets exercise a role in preventing



or repairing ecndothelial damage, perhaps by contributing
to the aétual formatioﬁ of inter-endothelial "cement
substanc%" and that lack of the latter 1s the recal cause
ol the Lnercascd spontaneous escape of red cells from
the vascular compartment in thrombocytopenia. No other
sub-cellular fraction they tried (such as fresh rat-
brain thromboplastin) could duplicate the effect of
intact.platelets in rectifying the vascular wall impair-
ment in the irradiated thrombocytopenic animals and thus
reducing red cell concentration in lymph.

Jackson et a120 (1959) reiterated the findings of
Woods et al on the effectiveness of transfusions of fresh
platelets in increasing platelet counts in glood and in
suppressing red cell counts in the lymph of the post-
irradiation thrombocQtopenic animals.

Furthermore, they found that lyophilized plate-
lets transfusions are ineffective in increasing platelet
counts in blood and in reducing red cell counts in lymph.

It was Roy et a121

,in 1972 who first studied
éimultaneously the effect of fresh platelet transfusions,
in post-irradiation thrombocytopenic animals/on both the
"spontaneous escape" of formed blood elements from the

intact vascular compartment and on the impairment of the

platelet hemostatic plug formation and coagulation defect.



They found that larger platelet concentrations in blood
are neceded to rectify coagulation defects, whereas even
small transfu51ons of fresh platelets that did not have a
significant cffect on platelet counts would bring o
striking reduction in throacic duct lymph red cell counts.
They reiterated the postulation tha£ separate mechanisms
of action account for the effects of platelets on
maintenancg of endothelium and vascular wall competency

and on bieeding from mechanically injured vessels.

5. Red Cell Counts in Lymph of Irradiated
Thrombocytopenic Animals. An Inventory

Other than the previously mentioned research

22,23 (1973) also studied the changes in

workers, Aursness
cellular content of the lymph and changes in vascular
permeability as a function of post-irradiation thrombocy-
topenia. In his experiments Aursness chose to sample the
peripheral lymph from the ear lymph vessels and before it
passes through any lymph nodes. Thus, the increased red
cell counts in lymph that he observed were the result of
generalized extravasation of red cells and not the result
of direct entry at lymph nodes and lymph-venous anastomoses.
Also, the lymph he collected did not originate in special

tissues with fenestrated vascular endothelium, such as

liver and spleen (see Ref. 24) and red blood cells in



at

this lymph could not have gained entry into the lymph N
following extra-vasation in sites of mechanical capillary
injury. 1In seven out qf eleven animals he observed an
increase in lymph red cell count which coincided with the
most marked thrombocytopenia level of below 10,000 plat./
mm3. This increase was strikingly less éhan the one
reported by the previous mentioned workers who were samp-
ling the thoracic duct lymph, and also occurred at lower
blood platelet levels. 1In anbther four animals with
comparable severity of thromb?cytopenia, no such increase
of lymph R B C levels was'oﬁserved. Aursness attributed
this difference to the possibility that young, hemostat-
ically more efficient platelets than the old ones were
already circulating in the latter four animals and although
they were not in large enough numbers to cause a meas-
urable increase in blood platelet levels, they were
sufficient te repair the endothelium and e&&ablish

normal vascular wall competency. This is in agreement
with Roy's et al observation (see above). Aursness also
observed that in the seven animals that presented with
increased R B C levels ih lymph, the increa;e was
usually rectified at about one day before an increase of
blood platelet levels was measurable, as perhaps the first

new platelets coming into circulation were consumed 1in



repairing endothelium damages before an increase 1in

numbers could be sensed.
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CHAPTER 2

IMMUNOLOGICALLY IﬁDUCED THROMBOCYTOPENIA

1. Other Models for the Experimental Induction
of Thrombocytopenia

Other than whole body irradiation, there are
three main techniques for the experimental induction of
sustained thrombocytoéenia or the reduction of blood plate-
lets in thrombocythemic patients.

25,26

i. Thrombocytopherésis whigch is the mechan-

ical removal of platelets from blood via repeated exchange
transfusiqns with plateiet—poor blood either from a donor26
or from the patient.25 A quantity of blood is drawn from
the patient and it %s differentially ceﬁtrifuged for
removal of platelets. The platelet-poor blood is trans-
fused back into tlhie patient. This sequence is repeated
several times until a satisfactory blosd'platelet level
is achieved.

ii. Impairing platelet production with cytotoxic
drugs such as Busulphan, a sulphdnic acid ester that acts
as alkylating agent. These drugs can cause bone marrow
aplasia, and subsequently thrombocytopenia in animals
and in pétients.

a»

iii. Immunologically, by injecting into the
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animals an heteroimmune anti-platelet serum

(Mattisonzs). The latter of the above models is pert-

J

inent to this thesis and we next review it to some
extent.
2. A Review of Immunologically Induced

Thrombocytopenia, by use of an Heterologous
Anti-platelet Serum

The idea and the actual production of an hetero-
logous anti-platelet serum by immunization’of an animal
with heterologous platelets,and the subsequent use of
‘blood serum from the immunized animal to induce thrombo-
cytopenia when injected into the platelet donor species,
dates back some seventy vears. Marin029 in 1905,

30,31 5 1906-1908 and Cole-2 in 1907

LeSourd and Pagniez
arF reported to be the first investigators to develop
this technique. |

It was shown by some of the early invesﬁigators

31-36 that these heterologous anti-platelet

" in this field

sera were definitely species-specific and in vitro cap-

able of aggultihating platelets, and in the presence of

complement lysing them to a certain extent. Similarly,

these anti-platelet sera were found to agglutinate and

lyse red cells homologous to the platelets , for which they are
34-36

specific. Conflicting reports about successful and

unsuccessful efforts to demonstrate cell specificity of
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these early sera by means of absorption experiments,
made the question of cell specificity doubtful at that

43’44). Ledlngham37 in 1914

time (see also below, Bedson
was able to demcnstrate that anti-guinea pig plateclet

serum, other than diminishing circulating platelet levels,

had a toxic effect on the guinea pig, inducing ;gzéﬁij)

animal a condition closely resembling purpura haemorrhagica

in man. A year_later, Lédinghma and Bedson38 demonstrat-
ed £hat hetero-immune anti-red blood cell and anti-
polymorphonuclear Jeukocyte sera, although also toxic

to the animals kas the anti-platelet sera)/did not pro-
duce the pathological picture of purpura haemorrahagica

induced by the anti-platelet sera. Lee and.Robertson39

in 1916 and a number of other investigators‘lo_42 rein-
forced these observations of Leningham and Bedson and
gave weight to the hypothesis that depleted levels of
circulating platelets and toxic damage of the véscular
compartment were needed for the appearance of purpura.

43,44 n 1922 shed some light on the ques-

Bedson
tion of cell specificity of blood elements anti-sera.
He produced anti-platelet sera free from red cell
agglutinins (in vitro) by incubating anti-platelet sera

with red cell suspensions and he used this assumed plate-

let specific anti-serum to induce thrombocytopenaa and

Q
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purpura in guinea pigs. He concluded that damage and
agglutination of red cells was not the reason of the

appearance of purpura in anti-platelet serum produced

)
o

thrombocytopenia.
Of interest is the hypothesis formulated by
Bedson in his discussion (although not solidly supported
by a strong experimental basis at that time); we quote:
"It would seem that in purpura, produced by means of an
anti-platelet serum, the sequéﬁce of events in the pro-
duction of haemorrhages is as follows: the capillary
endothelium is first of all damaged, and la£er, when the
platglets have been greatly reduced in jnumber in the
circulating blood, a leakage of rea cells (by what ap. ars
to be an exaggerated form of diapedesis) through the
capillary wall into the surrounding tissues takes place.
Had the platelets beenPpresent, hemorrhages would not
have occurred, because their presence in the outer more
slowly moving stream, together with the leukocytes, would
have prevented the rapidly moving central stream of red
cells from coming in contact with the endothelium and of
finding out 1its weak spots. They (platelets) would also
have helﬁed in making ggood the deficiencies in the vessel

wall caused by the endothelial damage."
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Since then, a number of works have been
published on the cytological and physiological sequences
involved in anti-platelet serum induced thrombocytopecnia

.
26,28,45,54 4 the model

and 1ts sequellae of purpura
has been used to study a variety of problems related to
megakaryocytopoesis, for the production of thrbﬁbo—
poietin—rich sera, the study of thrombocytopenic con-
dit%ons and also in the evaluation of the role of plate-
lets in the process of a variety of diseases.ss’56
In the above quick review, we deliberately chose
not to dwell on specific aspects of homogogous and aﬁto—
logous anti-platelet antibodies and on human thrombocy-
topenic/thrombocytopathic diseases with an immdnological
bagis, as this would have been well beyond the scope of
this thesis. A good review of immunologic mechanisms
of platelet damage (up until 1972) is given by Osler et

.Sl We also recommend Williams et a1>’ hematology

al
téxtbook and the review. article by Hirsh et al.58
3. How APS Induced Thrombocytopenia relates to

our Research Proposal

The previously discussed model has been used on

) . 53,54
two occasions

to study, via electron microscopy, the
qualitative increase in permeability of the vascular

endothelium and vascular wall to red cells, in the presence



of severe thrombocytopenia (see also Chapters 3,4).
However, no quantitative studies of the vascular perm-
eability increase in anti-platelet serum induced thrombo-
cytopenia ﬂas been done as yet. 1In this thesis, we
propose to do this by direct sampling of thoracic duct
lymph of rabbits and evaluate (measure) changes in the
red cell concentration and red cell flux in their thor-
acic duct lymph as a sequel‘of APS induced thrombocyto-
penia. A comparison of our results with those discussed
in Chapter 1 (irradiation model) could be useful in
understanding better what brings about the increased rate
of spontaneous extravasation of red cells in thrombocy-
topenia, and to what extent this is due to thé actual‘
lack of platelets, or if this lack of platelets is

simply unmasking actual damage inflicted on the endothel-

ium by the means used to induce thrombocytopenia. (see

. results and discussion chaptefs).

/ .
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CHAPTER 3

THE ENDOTHELIUM AND ITS INTERACTIONS WITH
PLATELETS AND RED CELLS

This chapter is not meant to be a comprehensive
description of structure and function of capillaries and of
endothélial cells; we simply give here cer£ain definitions
and descriptions that are pertinent to understanding our
results and discussion chapters.

1. " Classification of Blood Capillaries and their
Endothelium in Mammals

The classification of blood capillaries and
endothelium used here is the one described by Majno24
(1965). Although in reality thére are almost as many types
of capillaries as there are organs, he distinguishes three
main types of capillgries and his classification is based
on the cellular structure and continuity of their endothel-
ial layer as it appears on electron microscopic studies.

We next present Majno's description.

i, Type I or continuous capillaries have continuous
sheet of tightly connected endotheli;l cells and a
continuous. basement membrane. This type of capillaries is
"found in striated muscle, myocardium, sﬁooth muscle of

digestive and reproductive system, lung, central nervous

17



system, subcutancous and adiposc tissuec, placenta,
dermis. Their endothelium is about 0.15 to 0.3 ¥ than
but it bulges 2 to 3 u at the saite of nucleﬁs. The
cells 1nclude small number of mltocSondrla,‘rlbosomes,
lysosomes, séanty endoplasmic reticulum and many

vesiclesz4’54.

These Vesicles, although found 1in
other cells also, are by far more numerous in endothelial
cells and sometimes their total volume makes about éne
third of the cell volumesg. They are thought to be part
of the transport system of the cells and under normal
conditions, do not bridge the entire thickness of the
cell.

| In type I capilléries, endothelial cells are flat
and tend to assume an hexagonal shape. Occasionally,
their lumenal surface shapes into sma;lﬁprojections
and folds. <

This type of endothelium is particularly suited

to allow passage of nutrients, yet remains impermeabie
to blood cellular elements or the bulk of plasma proteins.
ii. Type II capillaries or fenestrated capillaries are
similar to type I in conpleteness of endothelium sheet
and basement membrane, but differ in endothelial cell

shape and structure.

Their endothelial cells are thinner (often as thin

18
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as 200 to 400 X) and scem to be pierced w1th‘fenestrae,-
which can be either open or closed with cellular membrane
These fenestrae are about 0.1y or less in diameter.
Another difference is that these endothelial cells
contéin by far fewer'vesicles than those in £ype I
capilllaries. Capillaries of this type are found in the
renal glomerulus and tubules, ciliary body of the eye,
choroid plexus, intestinal mucosa.villus, exocrine and
endocrine glands, gall bladder, renal medulla and
éynovial membrane. These are tissues specialized for

the rapid exéhange of fluid and solutes, and it seems that
fenestrated endothelium function is to allow increased
vascular permeability to fluid and solutes, bdt not to
blood cellular elements, (for morphometric data on

type I and type II endothelium see Simionescu et

al60

(1974)).

iii. Type III or discontinuous capillaries, have
intercellular gaps between endothelial cells and discon-
tinuous or absent basement membrane. Under Majno's
classification, we refer to these capillaries as (true)
sinusoids. Théy are found in organs which have a primary
function of pouring into the blood or removing from it

whole cells, large molecules and foreign particles. Such

organs are bone marrow, spleen dnd liver.
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2. Irradiation Injury of Endothelial Cells

Although some of the early researchers considered
the possigility that direct injury of endothelial cells
from 1irradiation was partially responsible for the post-
irradiation hemorrhagic syndrome (Ross et alll, 1952) they
eveptually argued against it on the basis that endothelial

cells divide slowly under normal conditions. Therefore,

these cells should be less prone to severe direct

irradiation injury than the fast dividing red bone marrow

cells, and ény injury should have a very long latent

period. Their postulation was further supported by the

fact that localized massive irradiation is not followed

by hemowhages at irradiation sites. However, they \

acknowledgd the fact that not much was known at the time

about the life span and turnover of endothelial cells.
Since then, some indirect evidence has been

provided that endothelial cells do actually suffer

irradiation damage61—63. Direct evidence was provided

by De Gowin et a164 (1974) , who were able to demenstrate
that cultures of human endothelial cells; growing in
vitro by the method developed by Lewis et al65 (1973) , were -
sensitive to irradiation.

They measured both deoxyribonucleic acid synthe-
sis by the uptake of tritiated thymidige and replicatioﬁ

of endothelial cells by direct counts, and found that

"
‘



the growth of replicating endothelial cells seceded 1n
flasks was completely inhibited for at least a week
following an 870 rads irradiation dose. Smaller irrad-
1ation doses elicited a dose-response relationship.
Residual effects persisted for at least two weeks. On
monolayer cultures, i;radfation doses of 1,750 rads
caused minimal attrition, but still there was inhibitaion
of replication.

Also, an 8f0 rads 1rradiation dose, on flasks contain-
ing nonreplicating confluent endothelial cell cultures,
seemed to damage the mitotic apparatus of the cells, even
though the cells were not dividing at the time of
irradiation. When some of these cells were transferred
to other flasks, they failed to increase in numbers or
label with 3'HTdR, in contra;L to the strong multiplicat-
ion of the unirradiated controls. However, these cells
Qere still living as.manifested by wviability tests.

The irradiation dose range and the results of
De Gowin et al are c¢ongruent with the work of Reinhoid62

(1972) who studied the irradiation dose-response of

the in vivo growing rat capillaries.



3. Shared Antigenicity of Platelets and
Endothelial Cells. Thelr Response to cach
other's Anti-Sera

Bedson44 in 1922 (see alsc above) observed that_

kran51cnt Juws 7ing of the platelet level an guinca pigs
by use of agar serum did not produce purpura as it did

~ when he induced thrombocytopenia by use of anti-platelet
serum. He also observed that anti-red cell serum alone
did not produce purpura, although it ma§ have had an
immunologically injurious effect on platelets and
endothelium. However, the coﬂbination of agar serum to
induce thrombocytopenia and anti-red cell serum to cause
endothelialhcell injury resulted in hemorrhagic purpura
signs (as observed in autopsies). He deduced that the
antiplatelet‘serum (and the anti-red cell serum) were
damaging endothelial cells as well as platelets (see his
full hypothesis above) .

Katsura66 (1923) has been reported (original

paper in Japanese) by Clark et al67 (1950) to have demon-

-~

strated that anti-dog platelet serum agglutinated endothel-
ial cells in vitro and fixed complément when reacted with

endothelial cells. He also demonstrated that anti-
[ ]

endothelium cell serum, prepared by use of aortic endo-

thelium scrapings as &n antigen, could in vitro agglu-

~

tinate platelets and in the in vivo tests, produce purpura



in the absence of measurable thrombocytopenia.

Contrary to the Bedson hypothesis that thrombocy-
topenia plus endothelial cell injury are needed for the
appearance of purpura, Katsura demonstrated that anta-
‘platelet serum absorbed with endothelial cells ain vitro
could still induce thrombocytopenic purpura in vivo. Thais
1s in agreement with the research of Gauldie et al (see
below) and with our work. However, we question whether
it is possible to remove all the anti-endothelial cell
activity from APS serum.

Katsura also induced severe hemorrhagic purpura
in animals by combining a subpurpurigenic dose of anti-
platelet serum with a subpurpurigenic dose of anti-
endothelium cell serum, thus indicating th; synergism of
these sera.

Clark et a167

, using rabbit anti-dog endothelium
serum, induced severe purpﬁra in dogs without concurrent
thrombocytopenia, but contrary to Katsura's work, he found
that the in vitro tests of his anti-endothelial cell serum
for platelet antibodies were negative; this difference was
perhaps due to the different serum titer for anti-
platelet antibodies in the sera used by these two investi-

gators.

Indirect indication about the common antigenicity

23
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of platelets and endothelium 1s also provided by the

68,69

works of Cronkite et al (1957, 1961), Johnson et

al70 1

(1964) and Worcik et al7 (1969) . These investiga-
tors were able to provide some direct evidence (see
below) ‘that platelets interact with endothelium and

donate some membrane material and cytoplasm to endo-

thelial cells as part of their role in Wwhat Rebuck72

(1963) described as their endothelium supporting function. -
It is rather reasonable to assume that the trans-

fer of platelet membrane and cytoplasm mater{al also

transfers their antigenic substances and that consequently,,

endothelial cells may indeed have many common antigens

N\
with platelets.

Hagel et al73 (1962) sensitized dogs wiyh homo-
L

N\

logous platelets prior to renal transplantation.\ An
~

accelerated rejection of renal transplants, as compared
to controls, was observed in these animals. The prominent
4

histologic finding in the damaged kidneys was vascular

damage.

Morrison et al ' (1969) repeatedly injected (sub-

cutaneously) dogs with homologous aortic endothelium
antigen and studied the survival of homologous platelets

transfused into these animals. No change was observed

in the survival of autologous platelets, but a significant
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decrease in‘the survival of homologous platelets was
demonstrated. However, serologic tests in vitro could
not detect platelet antibody in the serum of the immun-
1zed animals,

Becker et al75’ 76 (1969, 1973) were able to
demonstrate, by direct and indirect immunofluorescence
techniques, that rabbit antisera to human platelet
coﬁtractile érotein thrombosthenin stained mature mega-
karyocytes, blood platelets, endothelial cells of
arteries, arterioles, veins, venules, liver sinusoids and
capillaries “of the heart and skeletal muscle. The
endothelial cells of veins appeared to stain more intense-
ly than enqothelial cells of capillaries, indicating
that perhaps venous endothelium is more contractile than
that of capillaries.

. Recently; Gauldie77 was able to remove antiendothel-
ial cell activity from antiplatelé% antisera, as manifes-
ted by immunofluorescence techniques, by absorption with
endothelial cell preparations. These anti-sera still
induced purpura in animals, as manifested by our direct
sampling of thoracic duct lymph for red cell content.(éee

results and discussion chapters).

4. Platelet Support of Endothelium

The role of platelets in maintaining an‘intact//

L d
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functional vascular compartment that prevents unwarranted
loss of cellﬁlar and molecular blood elements is twofold:

a) participation in the arrest of bleeding from

injured blood vessels;

b) Maintenance of an intact functional endothelium

(and perhaps supporting structure) that
possesses certain desirable permeability
characteristics to cellular and molecular
elements in blood.

The mechanism and biochemistry of the former of
the above platelet functions and its deviations from
normal have been well investigated; any standard hematol-
ogy textbook gives an ample account of this function of

platelets. An excellent account is given in a review by
Mustard et al'® (1971).

The latter of the above platelet functions, which
is pertinent to this thesis, is n§t vet fully understood.
We next.discuss what is known and the current predominant
theories to explain this platelét function.

There are basically twé postulated mechanisms on
how platelets maintain vascular endothelium integrity:

-1)  that platelets interact with and donate

membrane material to endothelial cells;



i1) that platelets adhere to the exposed
basement membrane wherc the endothelium has
been injured or where endothelial cell contrac-
tion or vasodilation has simply caused gaps
to appear between endothelial cells.

The first of the above theories is supported by

68,69 70

the works of Cronkite et al (1957), Johnson et al

.(1964) and Wojcik et al7l (1969). Their studies were
made of thrombopenic subjects transfused with fresh
platelets. They postulated'that under these experimental
conditions the phenomenon would be amplified, because the
uptake of platelets material from "starved" ‘endothelium
would be manifold times that'of normal conditions.

Cronkite et al transfused homologous S3504
labelled platelets into irradiated thrombopenic rats and
into normal controls and did historadioautographs of the
capillary beds of thé animal tissues. In thrombocytopenic
animals, a consistént picture of apparent labelling of
capillary beds was found. They postulated that perhaps
either intact platelets or radiosulfur-labelled material
(possibly mucopolysaccharideé) from the platelets adhered
to ard lined the thrombopenic endothelium.

Johnson et al did electron microscopic studies of

capillaries in the dermis of severely thrembocytopenic

? :
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patients following fresh platelet transfusions, and they
interpreted some of their electron micrographs as depict-
ing platelets in the process of incorporation intoc the
céndothelial cytoplasm.

Wojick et al transf(Eéd\ifradiation thrombocyto-
penic guinea pigs with tritiated diisopropylfluorophos-
phonate labelled homologous platelets. They did electron
autoradiographic preparations of tissue taken ét various
intervals following the transfusion and they found label
being localized in endothelial cells soon after the
transfusion, Furthermore, many platelets were observed
.interacting with endothelium immediately after the
transfusions.

On the basis of their autoradiographic findings,
they described a possible process by which whole platelets
are incorporated (not phagocytosed) into endothelial cells
donating both membrane material and cytoplasm.

Another indication for the endothelial noﬁrishing
role of platéelets is provided by the work of Saba et al79
(1975) who demonstrated that platelets or platelet compon-
ents, such as ADP and serotbnin, significantly enhanced
the growth of cultured human endothelial cells, the whole
platelets having the maximum effect (+87%) und?r the

conditions of these experiments.
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The sccond of the two postulateg mechanisms on how
platelets support endothelium, namely that platelets
adhere to the exposed basement membrane, where endothelial
cell contractions or minimal damage has caused gaps to
appear between endothelial cells,6 has been postulated by

15 18

P
Brecher and Cronkite (1951) and Woods et al (1953).

They suggested that Qlateléts contribute materially to

Ne—

the formation of inter-endothelial "cement" substance , and

"that in thrombocytopenia it is-the lack of that material

that results in loose junctions between the cells, thus
allowing for the extravasation of red cells and plasma

proteins.

However, most of the direct evidence for this
80

" theory has been provided by Tranzer et al (1967) , who

did electron micfoscopic studies of capillaries of

animals pretreated with reserpine, and of animals with
sympathetic denervation. In contrast to control animals,
where the endothelium %ﬁf fouﬁd to completely cover the
uqde;lying ba§ement membrane, gaps appeared between>%he
endothelial c¢glls of the sympathetomized animals and of
those which had'been treated with reserpine. Furthermore,

platelets (but never blood cells) seemed to have made

- contact with this exposed basement lamina.via pseudopods.

Larger exposed areas were covered by larger numbers of

29
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platelets, but no signs of platelet thrombic aggregation
such as degranulation or fibrin formatloﬁﬂhere present.
Tanzer et al suggested that this interaction
between basement lamina and platelets was possibly mediated
throygh electrical forces.
Some indirect support for this model of platelet
support of endothelium is rendered from the work of
OChsaka et al81 (1975) . They .did electron.microscopic
studies of the vascular endothelium of rats treated with
the venom of a crotalid that has been shown in vitro to
impair platelet function (aggregation). They observed opened
up intercellular junctions (some up to 0.7u wide)
with red cells spurtiné through them, while platelets
could be seen in circulation. It could be postulated that
the impaired platelet function resulted in loss of their
ability to provide for "cement" substance for the
endothelium bed, and consequently resulted in loss of
tightness for the inter-cellular junctions. However, other

[+]
interpretations may be equally plausible.

Gore et al53 (1970),in electron microscopic
studies of the microcirculation of anti-platelet serum
thrombocytopenic guinea pigs, were able to observe focal

junctional separatibn of endothelial cells in capillaries

and venules; these were accompanied by gaps and disriuptions
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of adjacent portions of the basement membrane. Both
RBC and tracer particles were seen within those junction-
al separaé&ons.

However, the above observations were not suppor-

ted by the findings of Kitchens et a154, Johnson et al70,

71 82,83 {see below).

Wojcik et al and Van Horn et al
None of these investigators observed intercellular
junctions which had opened up, in their electron micro-
scopic studies of capillaries of thrombocytopenic animals.
Whether the platelets are supplying "cement"
substances to maintain tight intercellular endothelial
cell junctions, or are maintaining endothelium by being
wholly or partially incorporated into endothelial cells,
the in vivo evidence up until now indicétes that whole
functional platelets are needed to perform this function.
Efforts to reverse or suppress the purpuric picture of
severe thrombocytopenia via infusion into thrombocytopenic
animals of freezed and lyophilized,piatelets, or platelet
sﬁb-cellular fractions or other biologically activg mole-

cules, have failed.15r18,2o,84

Also, in Vitro79, although
platelet substances such as ADé ahd serotonin have been
shown to have an accelerating effect on growing endothel:ial
cell‘cultures79, the effect of whole platelets is signif-

icantly superior, indicating that they probably affect
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endothelial cells in a multitude of ways.
The effectiveness of platelet rich media in
maintaining wvascular integrity has also been demonstrated

in a number of organ perfusion studies in vitr085-87.

Gimbrone et al87 perfused each of the two lobes of
dog thyroids with autologous platelet rich plasma and
the other with autologous platelet poor plasma. TQe
lobes perfused with the platelet poor medium showed
increased extravasation of RBC and albumin, as indicated
by the increased trapping of CrSl labelled RBC and 1125
labelled albumin, when pulses of blood were sent through
the organs at the end of the%perfusion period.

The platelet poor plasma perfused lobes showed
on macroscobical examination oedema, capsular hemorrhages
and purpuric follicles, and on electron microscopic

studies, changes that varied from focal cytoplasmic

swelling, to -necrosis of endothelial cells.
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CHAPTER 4

VASCULAR WALL PERMEABILITY CHANGES AND THE
EXTRAVASATION OF ERYTHROCYTES FROM
MACROSCOPICALLY UNINTERRUPTED CAPILLARIES

AND VENULES

-

1. Introduction

Increased vascular permeability to cellular and

subcellular blood components (8, 9, 10, 11, 18, il, 22,
23,038, 39, 44, 53, 54, 70, 71, 82, 83, ) is one of the
two cardinal manifestations of severe thrombocytopenia,
the other being the impairment of normal hemostatic
mechanism. However, thrombocytopenia per se, without
concurrent.insuyt to the vascular compartment wall,

is not fully proven to cause an increased rate of the

spontaneous extravasation of erythrocytes. Furthermore,

spontaneous extravasgxion of erythrocytes and/or of

subcellular plasma components can be brought about in the

absence of thrombocytopenia and by a nuﬁber of methods.

-

Some of these methods are: i. anti-endothelial cell

serum (Katsura66); ii. certain.snake venoms (Ohsaka et

alSl, McKay et a188); iii. wvasocactive substances such

as histamine type mediators (Majno et a189’90).

In the three examples of non~thrombocytopenic

- vascular leakage mentioned above, it is not fully

33
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understood yet if and how the introduction of those new
variables (anti-endothelium cell serum, snake venom,
histamine) affects the ability of platelets to interact with
endothelium, so that even in the presence of normal platelet
levels we may have a deficit in certain facets of
their function.81 Similarly, in experimentally induced
thrombocytopenia, be it irradiation induced or anti-
platelet serum induced, the means of inducing thrombo-
cytopenia also affects the vascular endothelium and
its supporting structures, both directly and indirectly.
Both irradiation and antiplatelet sera are
possibly insulting endothelium directly. Furthermore,
the heterologous anti-platelet serum influences_vascular
permeabiiity indirectly as well, through the release of
the vasoactive amines histamine and serotonin, from
platelets affected by the serum. This release reaction

4
has been:-demonstrated both in vivo and in vitro by

92,93 (1970) and has a transient effect in increas-

89, 91

Henson
ing vascular permeability ‘and lymph flow rates.
2. " Platelet levels in experimental Thrombocytopehia.

A comparison between the Irradiation and the
Antiplatelet Sérum Models

Although antiplatelet sera affect the megakaryo-

cytes and thrombopoiesis (Rolovic et a126, l970)/amounts

of antiplatelet sera used to induce almost complete

»



thrombocytopenia , do hot arrest thrombopoietic activity.
Thus, in anti-platelet serum anduced complete
thrombocytopenia, new platelets come 1nto circulation

28,46,94 and the average age of

shortly after treatment
these platelets is young. Contrary to this, 1in irradi-
ation induced thrombocytopenia, there is cessation of
thrombopoietic activity, and thrombocytopenia is achieved
as the number of platelets AWindles away without new
platelets coming into circulation. Thus, by the time
thrombocytopenia is achieved, the average platelet age
is 0ld, unless there is already some recovery of_ﬁone
marrow and resumption of thrombqpoiesis. Therefore, if
young platelets are indeed hemostatically more efficient

25 (1972) has shown and if the same applies

as Karpatkin
for their efficiency in maintaining endothelium as
Aursne§22.(1973) has postulated, then comparable levels

of circulating platelets in the two thrombocytopenic mod-
els ought to result in sﬁaller vascular permeability
increases for the anti-platelet serum model. The same
consideration would apply between irradiation thrombopenic
animals in which some thrombopoietic activity had xresumed,
or it had not ceased completely, and those with more

complete bone marrow damage. Thus, inexperimental

thrombocytopenia, comparable circulating platelets levels may
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not be biologically comparable.

3. The Basement Membrane Defect in Experimental
Thrombocytopenia

Currently, there is inadequate understanding of
53 54

the role of the basement membrane defect 1f any
in the increased vascular perméability in thrombocytopenia.
The basement membrane changes in thrombocytopenia could
be part of a more generalized physiological response, or
merely a reflection of the impaired function of endothel-
ial cells, since endothelial cells possibly do contribute
in the production and organizing of basement membrane
24,96~-98

material

4. Thrombocytopenic Permeability Changes of
Capillaries and Venules

We previously discussed the fact that endothelial
cells of capillaries vary from organ to organk\both in
normal structure and in normal function, and that three
main types of capillaries can be distinguished at the
electron micréscopic level (Majn024). Since the normal
permeabilities of Type I, Type II, and Type III capillaries
‘endothelium are different, we assume that their
permeability changes in severe thrombocytopenia could also
be different. Therefore, it is necessary for any meaning-

ful comparisons of cellular and/or molecular thrombocy-

topenic permeability changes of the vascular wal%,to refer

N

1
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to the same type 6£ capillaries. If the permeability
changes are studied via sampling of lymphatics for
cellular and molecular constituent changes, lymph

vessels draining arcas with comparable capillary structure
should be utilized.

At the ultramicroscopic level, one must distinguigh
between cellular and molecular permeability of true
capillaries as defined by Majno24 (diameter not exceeding
that of RBC) and the pgrmeability of post-capillary
vessels of capillary thinness but larger diameter which
behave like venules. Venules are physiologically more
permeable than capillaries and, as Majn024"90~’99’ioo
(1961-1969) has demonstrated, more susceptible to vaso-

active substances and perméability changes. They are also
more susceptible to immunologic injury (Movat et allOl
1963) .

76 (1973) demonstrated that endothelial

Becker et al
cells of venules possibly contain larger amounts of
contractile proteins,sﬁch as thrombosthenin;than
endothelial cells of capillaries. This is suggesting
that venous endothelial cells are more contractile than
those of capillaries. According to Becker, this méy be

partly responsible for the different permeability changes

of venules and capillaries endothelium in response to



treatmeif with vasoactive am1nesz4,151nce the stronger
contraction of endothelial cells of venules wog}d lead
to the opening up of their intercellular junctions
earlier and to a larger extent than intercellular
junctions betwéen endothelial cells of capillaries.

The thinning of endothelium in thrombocyto-
penia76 in conﬁunction with the fact that the tangential
forces in the wall of the venules are bigger than in
the wall of capillariesf could also result in the inter-
cellular junctions in venules reaching their threshold
tangent strenéth and open up before the endothélium cell
junctions ig capillaries do so.

bwever, the question of differential opening-
up of inter-endothelial cel} junctions of venules and of
capillaries in thrombocytopenia has not been answered
yet. Furthermore, if indeed there 1s a widening or

opening-up af intercellular junctions, we are not sure

yet as to what extent this is contributing to the increased

vascular permeability in thrombocytopenia (see below).

* Laplace Law: T=Pr, where T is the tension of tangen-
tial stretching force per unit length of vessel in
dynes/cm, P is the lateral distending pressure in
dynes/cmé and equals the intraluminal pressure in
excess of the surrounding tissue pressure, and r is
the vessel radius in cm.
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5. The Mechanism of the Extravasation of Cellular

and Sub-~cellular blood components from
Macroscopically intact Capillaries and Venules.
Qualitative Electron Microscopic Studies

82,83

Van Horn et al (1966, 1968) studied, vaia
electron mjcroscopy, the spontaneoué eﬁtravasation of
erythrocytes in irradiation thrombocytopenia and the
extravasation of colloi@al carbon particles both in
irradiation thrombocytopenia and in anti-platelet serum
induceé thrombocytopenia. They reported an increase in
the permeability of the capillaries and venules wall to
red blood cells and to carbon particles. The latter
seemed to escape from the microvessels through what

would appear to be a process of entrapment into invagin-

ations in the endothelial cytoplasm and transport via

vesicles through the endothelium. The endothelial cel}

L3

junctions were intact both in capillaries and in venules
and carbon particles were not seen inside the junctions.
They also reported that the observed extravasation of

REC in thrombocytopenia was apparently a transcellular one,
the RBC seemingly penetrating through the weakened endo-
thelium cytoplasm and not thréugh intercellular junctions.
Although Van Horn et al did not make a clear distinction
between capillaries and venules in their discussion on the

extravasation of erythrocytes, one can judge from their

@ M
‘s
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published electron-micrographs that both capillaraies
and small venules are similarly involved (sece also Ref.
70, 71).

Similar to this were the obéervations of Kitchens
et al54 (1975) who studied via E.M. the ultraspructural
changes of Type I endothelium in antijplatelet serum and
in Busulphan treatment rendered thromgocytopenic rabbits.
They also did not observe any major junctional separat-
ions. However, they did obserxrve thinning of the endo-
thelium, the appearance of transcellular fenestrae,

a reduction in thé number 6f vesicles in the cellular
cytoplasm, and a disappearance of the normal projec-
tions and folds of the lumenal surface of this type of
endothelium. There was an increase in vascular permea-
bility manifested by a prominent extravasation of RBd;Z
and tracer colloiéal particles (thorotrast),apparently
through a transcellular mechanism; No tracer particles
were observed in intercellular junctions og RBC
transversing the endothelium layer Qia opened-up Jjunctions.
Their postulations for a transcellular extravasation
mechaﬁism for blood components through the vascular endo-
thelium in th}ombpcytopenia was the same as Van Horn:s

et al. -

In contrast to the above, Gore et a153 (1970) in
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his ultramicroscopié studies of myocardium capillaries
in anti-platelet serum rendered thrombopenic guinea
pigs, reported intercellular junction openings in the
lining of microvessels exceeding 8i in luminal diameter.
The basement membrane beneath the opened-up junctions was
also disrupted. Erythrocytes and tracer particles seemed
to escape through the opened—ﬁp junctions.

ﬁowevér, whether the extravasation of cellular and
subcellular blood components in thrombocytopenié was
studied qualitatively via electron microscopy or gquan-
titatively via sampling of the lymph for cellular and sub-
cellulgr content changes, the defect was always rectified
shortly (within minutes to 2 hours) post-infusion of
viable fresh platelets or following a spoﬁtaneous increase

in circulating platelet leye1518’20—23’53’54’70'71’84.‘
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CHAPTER 5

MATERIAL AND METHODS

1. " Animals and Operational Procedures /

a. Animals: 1. Rabbits. New Zealand white
rabbits raised with standard Purina Rabbit Chow (0.004%
sulfa quinoxaline content to prevent quoxidiosis) and

water ad libitum; animal weight,~ 2.48t0.2§ Kgr;

»ii. Guinea pigs. Random bred guinea pigs raised with
standard Purinaguinea pig chow and water ad libitum;
animal weight, 400—800‘gfs.

b.. Anaesthesia: fabbits were kept anaesthetized
throughout the duration of the experiments with intra-
arterial infusion of 1 §5??>ﬁediQ? pentabarbitol (65 mg
in 1 ml) sclution in 9 parts physiologic (0.85%) saline.
Sodium pentabarbitol content of final dilution was 6.5
mg in 1 ml solution. Usually, l.0t0.3 ml of this solution,
per hour, pér kilogram of animal weight was required to
maintain sufficient levels of anaesthesia. Sodium penta-

“barbitol preparation used was Somnotol (100 ml vials)
manufactured by MTC Pharmaceuticals, Hamilton, Ontario.
Thi; preparation consists of sodium pentabarbitol 65 mg/

ml and 1% benzyl alcohol as a preservative .in an agueous
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propylene glucol basej

c. Cannulation of the thoracic duct: This was done
just cephalad to the point where the duct originates from
the Cisterna Chyli, according to the method of Bollman

et a.llo8 (1948) as modified by Bienenstock and Associates%09
The main modifications employed here are as follows: 1.
the tip of the polyethylene cannula inserted into the duct
_is preformed into an L shape. This is to avoid the un-
warranted bending of the previously uéed straighf cannulas
that could result either én a cut off of lymph flow or in
the tip of the cannula peﬁetrating the very thin wall of
the duct. Shaping of the polyethylene tubing was.easily
accomplished over hot steam; ii. The point Qf insertion of
£he cannula and surrounding area was carefully dried with
gauze and a thin layer of Eas®tman 910 tissue adhesive
(manufactured by Armstrong Ltd.,.Montreal, Quebec) was
applied to completely seal the point of insertion.‘ When
this first layer dried, a second application of this fast
bonding adhesive was applied on the wall of the aorta, over
the cisterna chyli wall and on the muscles pOsterior to the
duct at the point of cannulation ({(quadratus lumborum);

The animal *%issues é;splaced during the operation were
allowed to come back in place and when the adhesive dried

(15 min) the cannula and duct were.protectively sealed
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and securely anchored between stronger animal tissues
bonded together. Throughout the drying period the lymph
was allowed to flow freely through the cannula, but no
substantial negative pressure was applied; this was to
avoid the risk of the lymph vessel walls collapsing and
remaining so, encapsulated in dried £issue adhesive.

Subsequently, the animal was sutured up and the
exteriorized tip of the cannula was placed 20-30 cm
below animal body level; thus the lymph was, drained under
slightly negative pressure.

‘

The tubing used for the thoracic duct cannula?ion
was PE 90 (I.D. 0.085 cm. I.D: 0.125 cm) Intramedic |
Polygthylene tubing, manufactured by Clay Adams Co.,

U. §. All cannulaswere flashed with heparin (1,000 I.U./
ml) before placement.

The lymph was collected in polystyrene tubes,
containing 0.1 ml Heparin dilution (1,000 I.U./ml) for
about 2-4 ml lymph éollec£ion. Occasionally, we would
mildly agitate the collecting tube to avoid clotting of the
collected lymph. When the animals were thrombocytopenic,
larger amounts of heparin would be required (~ 0.2 ml)
to ensure that no clotting would occur.in.the collected
lymph sample.

The surgical procedures and cannulations of the
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thoracic duct were performed under an M5 Wild Leitz
dissecting microscope and care was taken to ensure that
blood vessels we had to cut through were tied up by silk
suture both proximal and distal, to the point of dissec-
tion before partitioning. Thus, we kept bleeding to a
minimum, particularly in the abdominal cavity, where no
apparent bleeding was visually detected at the time of the
post-operative suturing of the animals. Animals in which
substantial bleeding into the abdomen had occurred, or in
which gross blood contamination of the cannula and
lymphatics could be seen under the microscope, or in which
the adhesive sealed with tissue did not appear appropriate,
were discarded and no measurements were taken.

d. Infusions of anaesthetic, saline, APé, Hydfo-
cortisone, cr>l labelled RB& and drawing of serial blood
samples for RBC, platelet counts and radiocactivity, was
performed via a left carotid indwelling cathetér that had
its blunted tip piaceq deep into the aortic arch area.
This carotid catheter was made Qith PE190 Intramedic
Polyethylene tubing (I.D.:0.1175 cm, O.D.: 0.1675 cm)
mahufactured by Clay Adams Co., U.S. An 18 ga needle
equipped with a'plastic.four~way flow control switch was
fitted in the external end of this tube.

e. Serial blood samples for CBC and platelet counts

bs



were collected in 3 ml capacity, standard laboratory use,
B-D Vacutainers (evacuated glass tubes) manufactured by
Becton, Dickinson and Co., Rutherford, New Jersey. The
tube interiors were uncoated and the tubes contained 0.06
ml of anticoagulant solution consisting of EDTA 4.5

mé (7.5%), Potassium Sorbate (antimycotic agent)‘O.lZ
mg,and purified water to volume.

Blood samples were taken as follows: via one of
the orifices of the cannula valve (the rest of them
closed) 1 ml of physiologic saline was injected to clear
possible blood clots in the indwelling tip of the cannula.
Subsequently 1.5 ml-2 ml of blood were drawn into this
plastic syringe; the valve was closed and the first
syringe was changed with a second plastic syringe into
which 1.5 ml of blood was drawn. The valve was closed,
the syringe removed and its contents via an 18 ga needle
injected into a‘vacutainer. SUbsequntly the blood drawn
into the first syringe was reinjected into the animal and
.washed down with a 1-2 ml of physiological (0.85%) saline.
Due to the speed of the operation, no blood coagulation
had taken place.

f. - Hydrocortisone, used in certain experiments, to

test the possible beneficial effect of this drug in

Le
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averting the spontaneous ext;avasation of RBC and
subcellular plasma components in thrombocytopenia, was
Solu-Cortef (water soluble hydrocortisone sodium succinate)
manufactured by the Upjohn Co. We employed the 1 g Mix-
O-Vial preparations which when mixed deliver 8 ml.

solution of the following.constitution: hydrocortisone

1l gr, sodium biphosphate (anhydrous) 8.0 mg, dried sodium

phosphaﬁe 87.3 mg., benzyl alcohol 40 mg, water up to

volunme.
2. Anti-Platelet Serum
a. \ Manufacture: Anti-platelet serum (APS). The

el

method%used here is basically a slight modification of the
techniques developed by earlier investigatérs (discussed
|

o .
in Chapters 2 and 3, see in particular Rolovi026, Moore

et allO%, BuchananlOB).

|
Nine parts of blood are drawn into plastic

syringes| containing- 1 part of 2% EDTA (for details on

collectigns and resuspension of platelets, see Ardlie et

a1'%% (1470)). The collected blood is centrifuged for 15
\ '

minutes at 160 g in room temperature. The supernatant

platelet rich plasma (PRP) is collected and centrifuged at

1300 g for 10 minutes in room temperature to a platelet

button and platelet poor plasma (PPP). The PPP is dis-

102,103,104

2 H— T

o))

carded and| the platelets are washed twice, with



calcium free Tyrodes buffer (pH 6.2). flatelets in
the'final button are resuspended in a 2% E®TA solution

so that the resultant platelet count in this suspension
is at least 5 x 106 platelets/mm3. The piatelets in

this preparation are disrupted by sonication and aliquots
of the final product are stored at -20°C until usage.
Thawed aliquots are mixed with equal volumes of Freund's
complete adjuvant, emulcified, and injected into guinea
pigs; approximate dose, 0.2 ml (0.1 ml sonicated platelet
suspension). Half of each injection was given-into each
side. First injection was into the rear foot-pads,
subsequent injections were given subcutaneously at weekly
intervals for six weeks. One week after the last injec-
tion, the guinea pigs were bled aﬁd the prepared serum
was heat-inactivated for ~ 60 minutes at 56°C and denat-
ured protein was removed by centrifugation at 1800 g.

The supernatant was filtered through Millipore EAWP 02500,
pore'size 1.0 p Celotate filters, split into 5 ml ali-
quoés, stored at lower than -20°C and a bioassay was
performed in rabbits. In this serum, about 0.3 ml/kg
‘body weight was enough through a single interaiterial
injection to reduce the platelet counts to less than
10,000 plateolets,/mm3 within 10 minutes. Normal serum used

in controls was treated in exactly the same manner as the
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APS serum.

Sheep anti-rabbit plaéelet serum with antiendo-
thelial cell activity removed (asymanifested by immuno-
fluoresccgce studies) via absorption with endothelial
celks, was similarly manufactured and kindly provided by
Dr. J. Gauldie77' 102. About twice the amount of this
serum was required for the induction of thrombocytopenia
levels comparable to the ones induced by the unabsorbed

sera.

b. Infusion of APS

This was done via the intracarotid catheter. We
usually ,infused the amount required for severe thrombo-
cytopenia slowly and within 15-30 minutes. The infusion of
the serum was followed by an infusion of about 2 ml of
physiologic saline. The same procedure was employed for
infusion of normal g.p. serum, platelet concentrates and
hydrdcor;isone.

We opted for this’ method of infusion, instead of
the originally tried in our pilo£ series intravenous
administration of APS,due to the fact that the animals tend
to breath faster post i.v. infusion of APS, possibly due
to the lodging of showers of platelet aggregates in their
lungs. This.hypervenéilation results in a transient in-

crease in lymph flow (see also Ref. 122) which introduces
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extra degrees of uncertainty into the system. Further-'
more, we wanted to avoid the increased risk of dasplac-
ing the thoracic duct cannula, due to the rapid breath-
ing movement. For these reasons and because the animals
apparently tolerated intra-arterial infusions bettecr, we
decided on‘this approach. The left carotid was consis-

tently utilized throughout these experiments.

3. Platelet Concentrates for Transfusions and
Counting of Platelets

a. Platelet concentrates for transfusions. We used

105 1951) method with aslight modifi-

Dillard's et al
cation;-instead of sequestrene solution as anti-
coagulant , we used ACD. Six parts of blood are drawn
into one part.of ACD in a plastic syringe. The collect-
ed blood is centrifuged for 15 minutes at 180 g in room
temperature for PRP. The supernatant PRP is then centri-
fhged for 10 minutes at 1300 g in room temperature. Most
of the supernatant, PPP, after the centrifugation is
discarded, but a small quantity is left in which the
platelets are resuspended via gentle agitation in room
temperature. Platelet counts of this platelet concentrate
_Varied between 8-10x10° platelets/mm3. Platelet

concentrates were maintained at room temperature in

plastic tubes covered with paraffin film for up to six
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hours prior to infusion into thrombocytopenic animals.
Time span from the drawing of blood from the donor
animals up to the infusion of platelets into the throm-
bocytopenic animals was about 4-8 hours. These platelet
concentrates were mildly agitated‘before transfusion to
ensure uniform suspension. Platelet samples for
platelét counts were taken after preparation of concen-
trate and before transfusion.

b. Platelet counts. They were made by the method

106,107

of Brecher and Cronkite (1950). Blood or

e
platelet concentrates are diluted in 1% ammonium
oxalate in distilled water solution; the RBCs are
hemolyzed and the platelets are counted in a hemo-

?

cytometer under a phase contrast microscope. The dilut- |
ions were contained in inert plastic tubing (polystyrene)
manufactured by Cehturus II Ltd., Mississauga, Ontario;
transfer of amounts of those dilutions to the hemocy.to-

meter was done via siliconized glass Pasteur Pipettes.

4. The Method for Evaluating Red Blood Cells
Content in Throacic Duct Lymph

a. | The Pilot Series of the experiments. During this
part of our work, we tried to establish a fast,'reproduc~
ible and accurate model for measuring the erythrocyte

content of the lymph. 1In the beginning, we employed

electronic cell counters and differential erythrocytf//////r—-ﬁ
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lysing agents such as zap-isoton. The total cell count/

) \
mm3 of a given volume of lymph dissolved in physiologic
saline would be established via a calibrated model B Coulter

countepll0,111,112

(manufactuned by Coulter Electronics
Inc., of Florida, U.S.); subsequently, an amount of
zap~isoton (manufactured by Coulter Inc.) that would be
adequate for complete lysing of RBC was added in the

cell suspension and the new cell concentration -would be
established again in, the Coulter Counter. Thg diffrerence
between the first and second counts would yield, when
referred to the original volume of lymph used and the
final dilution volume, the RBC concentration in lymph.

For quality control, we checked the ratio of RBC count

in lymph to the total céll count (lymphocytes and RBC)

as derived by the method described above, to this

ratio as derived by differential cell counting of lymph

., smears (Wright's Stain, routine Hematology Laboratoryll3).
The ratio, as derived by the first method, was consis-
tently higher. Furthermore, the difference between the
two ratios and the ratio of the two varied widely from
agimal to animal, both pre and post-induction of
th;dﬁbocytopenia; therefore, this was not a question of
-calabration factors. VanderBoom and Associates113

reiterated these findings when we ran a series of .

experiments using their routine hematology



laboratory S Coulter Counter; we simply provided the
lymph and they did the rest. Their results verified our
findings up to this point.

Consultation with others109 revealed that théy
shared our problem experience in differential lysing 6f
mixtures of RBC and I¥mphocytes. ‘We now attribufe this
discrepancy, in particular in the post-APS measurerent
of RBC content of lymph, to the lysing of certain
lymphocytes by the used zap—isotoh. Possibly, this is
due to the cell damaging effect of the required manip-
ulations of I&mph and to the cytotoxic effect that
anti-platelet sera have on lymphoc;tes.loz’114
b. B The current model. Eventually, after consider-
ipg all alternatives, we decided to measure the RBC
content in lymph by tagging RBC by the use of appropri-
ate radioisotopes, and by my Eomparing the irradiation
emitted by RBCs in a given volume of lyﬁph to the
irradiation emitted by RBCs in a known volume of
blood and the kno&n RBC count in blood.

; A
, In consultation with Webber et al

115 wéégecided
%D utilize SlCr as the labelling isotope. This isotope

has for long been utilized as a reliable RBC tag and

is routinely used in blood volume measurements in Nuclear '
"A’

4
. »
Medicine. 127120 1#t added advantage of utilizing this

PR

N
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technique is that we could distinguish whether RBC

in lymph were the result of direct bleeding into the
abdominal cavity and their subsequent pick-up by the
lymphatics, or of spontaneously extravasated RBCs.
This distinction could be dccomplished due to the fact
that infusion of labelled RBCs into the animals was
performed usuélly 2-3 hours post-operatively, at which
'time any possible bleediné would lhave been arrested;
thus, since any blood cells already extravasated were not
tagged/ only spontaneously extravasated labelled cells
would be found in lymph.

The RBC count in lymph is measured by this
technique (see belpw for technical,aetails) éompared very
well to the RBC concentrdtions.in lymph as'derived by
.maltiplying RBCs'percentage content in lymph, estimated
from differential reading of“lymph smears, by the fﬁtal
cell count in lymph as counted via fhe Coéulter Counter.
A;lowing fo; estimated probable errors-(due to measuring
of volumes bf lymph and‘blood! calibratioﬂ errors of the
Coulter Counter, and inherent statistical errors of: 1i.
éoulter Counter measurements; ii. differential smear
"counts; and iii. irradiation emission counts) and »
assuming a Poisson distribution, we found that £hé'RBC

counts in lymbh as calculated by the two methods, from

>

N
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~ated from the rest of the cellular elements and PRP;

split samples of homogeneous lymph suspension§§%ere

121

variates (within 90% confidence limits) of measuring

121

the same mean (true) count. Only occasionally {(and

within statistical chance expectations for such deviant
measurements) would the §0% confidence limit be exceed-
ed. This was due possibly to either statistical chance
or an underestimation of prqbable errors for thése

particular measurements.

51CrO

5. - Labelling of R?Cs with Na, 4

T
Labelling of RBCs with SlCr. This was done by

Webber and Associates in' the Nuclear Medicine Laboratories

at MUMC as follows (we give quanéities utilized/rabbit,
in order to achieve sufficient lymph RBC radioactivity
levels): i. 7-10 ml of blood are drawn into a plastic
syringe containing ACD (6 parts blood to 1 part ACD);

ii. the blood is centrifuged and the RBCs layer is separ-

E

iii. approximately 120 pCi of Na251Cr04 solution

(usually 1mCi/ml) is added to the packed RBCs and the
system is incubated’ in room temperature for 30 minutes
under gentle hon-continuoué agitation. During this state
¥+Cr04 ions cross the RéC cell‘mémbrane and get reducéd

to Cromic ions, which cannot cross RBC membranes . >+6117

These cromic ions get firmly attached to the globin portion

55
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of the hemoglobin molecule and there is no exchange of
51Cr with plasma,/except for elution. Outside the red
cells, most of the plasma chromium is bound to globulin and

albumin;ll7 iv. the RBCs are washed twice with saline

51

to remove any traces of unabsorbed Cr, as follows:

a. add saline to make up original volume, leave a

couple of minutes (agitate once), centrifuge; b. repeat

\
stage a; v. saline is added up to the original volume;
vi. infuse into recipient animal. We must add here that
when SlCr labelled RBCs are lysed in vivo, the freed

120

radiocactivity does not tag other red cells. Ebaugh et al
(19535 were.able to demonstrate that the injection of
chromated hemoglobin or of 51Cr labelled non-viable cells
is followed by a rapid fall of’circulating radiocactivity

to zero.

6. Preparation of Lymph Samples and of Blood
Samples for Radioactivity Counting

a. Lymph. The_dollected heparinized lymph samples
were agitﬁted to ensure uniform.distribution of -cells

and a 1 ml aliquot was.drawn into 1 ml plastic syringe.

* This was placed into a polystyrene plastic tube and 2 ml

of physiologic saline was added. The addition of the

saline was an added precaution and aimed at minimizing
. 1

the amount of free radioactivity that would remain in

the.cell button which is received by centrifugation of



this dilution in room temperature and at 1300 g for

15 minutes. The supernatant was removed via a siliconized
Pasteur pipette and placed into a gamma counting vial
(manufactured by Amersham Searle Co.). In the button,
consisting of a bottom layer of labelled RBCs and a
layer of lymphocytes in the top, we added 1.5 ml of
physiologic saline and zap-isoton to lyse the RBCs.

This mixture was agitated to ensure an homogeneous
-radiocactive volume for more accurate radioactivity meas-
urements. The polystyrene tube containing Fhis mixture
was placed into another gamma counting vial. The tubes
were serially numbered and radioactivity measurements
were made in an automatic well-type gamma coﬁnter
(Nuclear Chicago, now Searle).

b. Blood. Blood samples post-infusion of labelled
RBCs were drawn after at least 60 minutes post-infusion
This timk_pefiod is most adequate for homogeneous
distribution of the labelled RBC within the total RBC

118 Serial samples were taken at

later times. From eagh of those samples, 44.7 mm3 of

population to take place.

blood was drawn into a standard hematology laboratory
graded pipette and transferred into 10 ml o{ﬂphysiologic'
saline, contained in a plastic¢ container. This dilution

3

was‘miidly agitated to a homogeneous cell suspension and



1 ml of this suspension was drawn and treated

exactly the same as the 1 ml of the lymph sample, dis-
cussed ‘above. The final prepérations, contained 'in the
gamma counting vials, were placed.in the same well-
type gamma counter as the lymph samples were. In the
abo;e discussed technique, the influence of free

plasma radioactivity on the b}ood RBC radioactivity
measurements has been estimated at less than 1:104.

For the lymph samples, the equivalent figure is about
1:100. These estimates were ;aﬁbulated on the basis of
the ekperiﬁental values, dilution ratios,and on the
assumption that after centrifugatién, the free radio-

activity in the supernatant was uniformly distributed.

7. The Numerical Calculations for RBC Counts in Lymph

As we discussed previously in the preparation of
samples for the radioactivity measurements in blood,

44.7 mm3 of blood were diluted in 10 ml of physiological

saline and 1 ml of this dilution was centrifuged; thus,
the obtained RBC button contained as many RBCs as
4.7 mm3 of whole blood. Let us assume that the actual

(measured minus background) radioactivity for these RBCs

is (BR) and let us also assume that the RBC count/mm3 in

blood is (BC).



Since 1000 mm3 of lymph was centrifuged, there
will be as many RBCs in the final button as is contained
in 1000 mm3 of iymph; Radicactivity measurements
(emission counts) for this spe;imen, expanded over the
same period of time as for the blood sample above,
yvield an actual numerical value that we assume to be
(LR). The RBC count/mm3 in lymph is the unknown
guantity (LC).

If the statistical average radioactivity per
RBC is R (this average value has real meaning only if

large enough number of RBCs are sampled) then:

(BR) _ (LR)

R=18C)y % 4.47  ~ T(LC) x 103

From the above equation, we derive the value of (LC)

°

as, follows:

_{BC) x 4.47
. (LC) -(BR) % 103 X (LR)
or (LC) = A x (LR)

where A is a constant, unless substantial numbers of new
unlabelled RBCs come into the circulation and/or large

numbers of the labélled group cells are destroyed

preferentially.

8. RBC Flux in Lymph Vessels

We define the number of red cells contained in the

59
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volume of lymph that flows through a cross section of
the .thoracic duct in one hour, as the red cell flux
through the duct, (at this cross section). This gquantity
equals the average RBC concentration per unit volume in

a particular sample 6f lymph, multiplied by the hourly

flow of lymph expressed in the same volume units and for

the same sample. -

The red cells flux may’be'a more accurate reflec-
tion of the degree of spontaneous escape of RBCs from
the vascular compartment thén the RBC concentration, in
lymph. The latter is more susceptible to variations in
response to fluctuations in the amount of fluid circu-
lated ﬁhrough the lymphatics for a given time period.
However, in the presentation of our results, we discuss

both the RBC concentration in thoracic duct lymph and

the RBC flux through the duct.
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@ CHAPTER 6

I
EXPERiMENTS AND RESULTS: PART A
T
|
1. - Experaimental Procedures for  Controls
and for APS Treated Animals
!

We usually allowed for about two and one half

hours past the\thoracic duct cannulation operation
before transfugion of the 51Cr taggéd'homologous RBC.

The lymkh collecting tubes were changed every.
one half to one ho?r (or sooner when fast flowing lymph
warranted doing so), and the volume of the collected lymph
was measured and\aliquot samples of 1 ml of lymph were
drawn from the c%llecting tubes, for testing for lymph
RBC content.

The labelled RBC concentration in lymph qsually
reached a plateau |within one anq one half t§ two hours
post transfusion ﬁnd fluctuated around this plateau value
for the reﬁainder ?f the experiments, unlesé severe
thrombocytopenia was induced. We ran a number of animals
(5) up to ten hour ﬁost—tran;fusion of labelled RBCs
without any signifi anf deviation from the pattern des-
cribed above. Another five animals were used to de%ine

.

plateau 'values up to six hours post-transfusion of tagged

-

red cells. Four animals were infused 1.5 ml of normal

61
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g. p. serugs which exceeds the maximum volume of g. p.
anti-rabbit platelet serum required for the induction

of thrombocytopenia in this experiment. This anfusion

(
N

was performed four hours post-transfusion of tagged RBCs
and thg animals were followed for up to four hours post-
transfusion of the serum without any significant changes
being observed in lymph RBC content.

For individual experiments, the animals were used
as their own controls to establish their plateau RBC
concentration levels in lymph before the induction of
thrombocytopenia. We uéually allowed for about four
hours post-transfusion of labelled'RBCs before treatment
of the animals with APS. Post APS treatment and the
induction of thromboc&topeniq, lymph samples were taken
every one half to 1 hour for up to foﬁr hours. Blood
samples were drawn throughout the experiment and the
minimum number of samples was three, one at one-half hour
pre-infusion of APS, and fhe other two at one half hour
and two to three hours post-infusion of APS. Blood
samples were used for establishing RBC and platelet counts
and for measuring red cell bound radiocactivity levels.

2. Baseline Measurements *

7

The following baseline measurements refer to
j

/
the anaesthetized non-thrombocytopenic rabbits.
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i. RBC Concentration in Thoracic Duct Lymph

The mean concentration was found to be 760 RBC/
mm3 of }ymph, with a standard deviation of 809 RBC/mm3
and with a mainimum of 77 RBC/mm3 and a maximum of 2800
RBC/mm3. The distribution 1s skewed with 69% of the

a
animals having lymph RBC concentrations below the mean.

The median of the distribution is at about 400 RBC/mm3
(50% of animals have RBC concentration in lymph below this
value and 50% above this value) and the pick of the
frequency distribution was for the 0-250 RBC/mm3 group
with about one third of the aniﬁals included into

this category.

ii. Thoracic Duct Lymph Flow

The mean hourly lymph flow was 4.8 ml, with a
standard deviation-.of 1.6 ml/hr and a minimum of 1.9.ml/h§
and a maximum of 9.6 ml/hr. The median of this distribuéion
was 4.5 ml (close to the mean wvalue) and the distribution

is almost a.bell shape one.

iii. RBC Flux in thoracic Duct Lymph

fhe mean. RBC flux was found to be 3.4 x 106

RBC/hr with a standard deviation of 3.6 x 106 RBC/hr’and

a minimum of 0.17 x 106 RBC/hr and a maximum of 17.0 x

106 RBC/hr. This distribution is also skewed with 69%

of the animals having a RBC flux lower than the mean.
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The median is at about 2.2 x 106 RBC/hr and the pick of

the frequency distribution s for the 1.0-2.0x10° ¥BC/hr
group with 26% of the animals having RBC lymph fluxes

within this range.

3. The Anti-Platelet S?rum Infused Animals

Twenty-two rabbits were rendered severely
thrombocytopenic by intra-arterial administration of
anti-platelet serum. Fourteen of these animals were treat-
ed with guinea pig anti-rabbit platelet serum and eight
with sheep anti-rabbit platelet serum. The latter had
its anti-endothelial cell aetivity'removed (as manifes-
ted with immunofluorescence studies) by incubation with
endothelial cells77. In both groups, thrombocytopenia
levels of less than l0,0dO platelets/mm3 were estébhdshed.
within one half hour post-infusion (sée also Refs. 46
and 54). No RBC lysis could be detected, as judged
either from the coloration of the supernatant of the

centrifuged blood samples before and post-APS, orxr from

studying the ratio: »

blood plasma radioactivity
RBC bound radioactivity in blood. N

K =

We hoped that lysis of RBCs would be reflected in an
increase of K values. However, if indeed lysis occurred,
the lysed radioactive debris of RBCs must have been

removed from circulaticn as early as one-half hour post
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APS, since blood samples taken as early as that did not
reveal an increase iﬁ K values. On the&contrary, a
decrease in the value of K, from an average of 1.9% down
by about 20%, was deteccted. We attributed this decrease
to the possibility that, with the onset of thrombocyto-
penia, the increase in vasculgr permeability for sub-
cellular plasma components outweighs the increase in
vascular permeability for erythrocytes. Thus, radio-
activity bearing plasma components moved faster out of
circulation than radioactivity bearing RBCs. -

There was a transitory change in blood RBC
concentrations post APS. This tended to be compensated
later on. The RBC concentration in blood was decreased
by an average of lé for the guinea pig anti-rabbit
platelet serum treated ,animals, and for an average of

2.3% for the free from anti-endothelial cell activity

)

serum treated animals.

4, RBC Concentration in the Thoracic Duct Lymph
’ * of Thrombocytopenic Animals

In the discuss&on below, we designate the
animals treated with the regular anti-platelet serum as
the T group.(l4*animals) and the animals treaged with the
endothelial cellg absorbed anti-platelet serum as ‘the E

group (8 animals).



For nine of the animals in group T and six of
the animals in group E, increased RBC concentrations in
lymph were measured in samples collected one-half hour
post-infusion of APS. The rest of the animals, excepﬂ
E8, had increased_leveis of RBC concentrations in lymph
within one hour post-infusion of the sera. Animal ES8,
which had the highest post-APS platelet count of about
10,000 p%atelets/mm3, did not have its RBC concentration
in lymph increased for the duration of the experiment.

For eleven animals in the T group and for six
animals in the E group, an apparent plateau of lymph RBC
concentration was reached, within four hours post-APS. The
remainder ¢of the animals had increasing levels of
concentrations of RBCs in lymph for the duration of the
experiments. ‘

For ten of.the animals in the T group and for
five of the animals in the E group, the final measure-
ment of lymph RBC count was lower than the maximum value.
In Table 6:4.1, we give: ™. the mean and standard dev-
iation for RBC concentration in lymph, as measured by
a multitude of serial samples before administration of
APS; ii. the maximum measured value of RBC concentration

in lymph post-APS; iiia the last measured value;

iv. the post-APS platelet count; v. the d values and levels

-
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of statistical sigpificance, by which we reject the
hypothesis that the maximum measured RBC concentration

}

. . &
in lymph post-APS is a random measurement of the measured

RBC concentration in lymph values, as they vary with

. . ,
time in normal rabbitg. We are &ssuming the pre-APS

i
measured values to have a mnormal .distribution (we are

referring to a multitude of ‘serial measurements in the

- »

same animal); vi. the levels of statistical significance
i .

for rejecting the hypothesis that the maximum measured

RBC concentration in lymph value and- the last recorded

. /
value are random measurements for the same RBC
/
concentration. ,For this test, we assume that those var-
iate measurements of the same (true).value follow a

Poisson distribution; wvii. in this column we give

- levels of significance as above, but assuming an estim-

/ .
ated error of 10% for these measurements.

,The‘obvious results demonstrated in Table 6.4.1

are: .
. a) ‘;;;&g ;s a statistically.significanﬁ increase
in RBC géncentration in‘iympﬁ post-APS when severe
*
thrombocytopenia is induced.
b) With}n four hours post-APS, in a.substantial-
number of animals, there is a tendency for a partial

decrease of the elevated RBC ¢oncentration in lymph.
¢

sy
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Therefore, it would appear that maximum RBC
concentratien levels have been reached within four hours
post-APS and the induction of severe thromboc&topenia.

We next tested the hypothesis that animals
infused with the endothelial cells absorbed APS and with

\// /iiuch doses as to develop comparable levels of thrombo-
Z? cytopenia with anlmals treated with regular APS, would
have maximum lymph RBC concentration values different
than those reached in the second group.
To test this hypothesis, we did the Gosset t
test for the following three pairs of distriputions:
i. Mean RBC concentration in lymph before treatment
with APS, T and'E groups.
Result: t20 = 0.21;
ii. Maximum RBC concentration in lymph post-treat-

ment with APS, T and E groups. Entire T

population.
Result: t20 = 1.22;
i, Maximum RBC concentration in lymph post-treat-

ment with APS, E gfoup\animals matched to number
of T group for same platelet levels post-APS.

Result: t., = 0.01.

14

The above t test values demonstrate that there

is not statistically significant difference in the effect
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of these two sera in elevating the RBC counts in

lymph (as judged by maximum RBC counts) for comparable

levels of thrombocytopenia.

5. Thoracic Duct Lymph Flow Rates in
Thrombocytopenic Animals

A multitude of factors such as breathing rate,
other movements of the animal and degree of anaesthesia
bring about rapid traﬁéient chgnges in lymph flow rates.
In these experiments, such changes in lymph flow rates
were often observed post-APS infusion, quite commonly
in association with some apparent transient accelerat-
ion of breathing rate. However, those changes were
transient and when averaged over the post-APS period of
the experiments, tended to be minor. Tﬁe average increase
from the pre-APS flow rates was about 22%. There was
also some cémpensation in the sense. that prolbnged
féster'lymph flow rates tended to be followed by a slow
down at below pre~APS levels. On a few occasioﬁs, we also
had a slow down of lymph flow post-APS.

In Table 6.5.1, we present the ljmph flow rates

" data for both the'T'and E groups as follows:

1. mean and standard deviation pre-APS;:ii, meap and stan-
dafq deviation pos%—APS; iii. platelet codpt post-APS.

The t test for the distribution of the mean + .
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values pre-APS and post APS and for the whole group

(T and E) of animals gives a t value of 1.94. This

§2
is just under ,the 2.021 t40 value for a level of 5%
N4

statistical sﬁgnificance level.

6. RBC Flux in the Thoracic Duct of
Thrombocytopenic Animals

The ma%imum RBC concentration in lymph post-
APS and .the maximum lymph flow rates do not always
coincide, as there ;s usually some tendency for higher
1ymph'flow rates shortly post-infusion of APS, whereas
it takes some time for RBC conqentration in lymph\to
reaeh maximum values. Thus, it is possible for a lymph
flow rate higher thaﬁ the lymph flow ratg for the max-
imum' RBC concentration in lymph* sample to yield, in
multiplicatibn~with the RBC concentration for the same:
sample,.a RBC flux -value higher than the one correspond-
ing to the maxiﬁum RBC concentration sample.’ Lymph flow
rates Higher than the one corresponding to the maximum
RBC concentration in lymph sample do pcéur both pre apd

" post this sampile.

The above' considerations are.amgly demonétrated

in animals Tl and E3 (see Tables 6.4.1.,and 6.6.1). 1In

animal Tl, the last RBC concentration measurement becomes

_the peak of' the RBC flux values distribution because: of
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.a slight increase of lymph flow rate that is faster than
the lymph flow rate correspondfng to the maximum RBC
concentration in lymph sample.® However, neither of
these flow rates was the highest for this experiﬁent.
The reverse situation is depicted in animai E3, where a
slow lymph flow rate at the end of the experiment
resulted in.a high RBC concentration in lymph, when in
reality, faster lymphuflow_rates‘at earlier samples €
résulted in much higher RBC flux vélues for previous
meaéuremeptsl However, in a substantial number of ‘
animals, high lymph flow rates did coincide with high
RBC concentration in lymph values, and therefore in the
majority of the animals, thevmaximum RBC concentration
in lymph m%asurement and the maximum RBC flux in lympp
measurement, coincided.

We next proceed to evaluate our data for the
RBC flux values in lymph for the groups éf animals .T and
E, using the saﬁe approach we used in evalugﬁing our
RBC concentration in lymph data. ’

Iﬁ'the‘columns'of Table 6.6.1, we give:
1. the'mean and st&qdard-deviation fqr the RBC f}uk
in thoracic duct lymph, as'measuged for. each animal by
a multitude of sekial'samples before infuéion of APS; ,
ii. the maximum measuged-suqh value‘post—APé; iii. the

| - v

1
]

a, .
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last measured such value for this experiment; iv. the
post-APS platelet count; v. the level of statistical
significance at which we reject the hypothesis that the
maximum measurcd, éost—APS, RBC flux in t. d. lymph is
a random'measurement oﬁ the measured RBC fluxes pre-
APS, and for the same animal. We are assuming, as we
did for the RBC concentration values, tﬁat those values
follow a normal distribution (we arg referring to a
multitude of serial measurements in the same animal
and not to the diséribu@ion of the means of these values
for the entire population). 1In this column, the d values
for such a significance test and the level of statisti-
cal significance are given; vi. the level gf'statisti—
cal signif%cance for rejectiné'the,hypothesis that the
measured maximum RBC flux and the' last RBC flux measure-
ment are, K random measuréménts of the”same RBC flux level.
For this test, Qe assume a Poisson distribution; vii. in
. this column, we give the levels of significance as above,
but assuming an estimated érror of 10% for thése measure-
ments. |

Thefe are no new conclusions to draw from this
table,’oéher than the ones already discussed in Section

6.4, for the kBC concentration“data in thoeracic dgct

lymph . o
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We now proceed to test the hypothesis that
animals infused with the endothelial cell absorbed
sexum (E group) will develop different levels o§ maxi-

'mum RBC fluxes in thoracic duct lymph, poét»APS, than
animals treated with regular APS and for comparabie
levels of thrombocytopenia.

As we did before in Sect;on 6.4, we tested here
the following thrge p;irs of distributions:

i. Mean RBC flux in lymph before APS

Groups T and E

Results: t,, = 0.789 ' ‘ W
ii. . Maximum RBC flux values in t. d. lymph

Post-administration of APS, T énd E

Entiré T population

‘Resﬁlts: t,, = 0.92

20

iii. Maximum RBC flux values in lymph post-APS
E.group animals matched to numbers of T group
for.same level of platelet counts post-APS

Results: t = 0.51,

14
‘These t test values demonstrate that there is
. no statistically significant difference between'£he
two groups on the gasis_of tﬁeir maximum RBC fluxes in
z ‘ lymph post-APS. . ' i | . T
Of interest is the observation that RBC f£lux in

s
-

N
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lymph and RBC concentration in lymph data indicate
that these values reach a first maximum within four
hours post-APS, although in a number of animals

continued to rise past the four-hour period.

!

y
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. TABLE 6.4.1.
. RBC concentration in the thoracic duct lymph of thrombocytopenic

animals.
A RBC concentration in thoracic Platelet d value & Statistical
N duct lymphe x 1,000/mn3 . level, statistical significance
I C Post- significance RBC:max,vs,
M  Pre-APS Post- Post- APS, RBC:pre-APS, last.Both
A Mean & APS, APS. x vs,max post- post-APS.
L s.d. Macx. last. 103/mm. APS.
T1 0,54 ; 0,23 1,45 1.39 10, bol.; 00l ceem *mme=
T2 0.32 H 0.05 3.9“’ 0089 7. 80. ’ 0.1% 0.1% 001%
T3 1.28 5 0,31 4,31 4,31 ‘L, 98 3 0p1% come  —ow-
T L4 0,85 ; 0.09 5,40 475 5 53¢ 3 061%  04l% cmme
TS5 0.1“ H 0005 3.91 257 8. 82. H 0.1% 001% 001%
T 6 1.49 ; 0.36 5,31 3.49 U4, 10,6 ; 0,19 0,1% .0.1%
T 7 0.54 ;,0039 4099 4.7? 6. .o11,.2 H 001% 0.1% —pow
T8 0,74 ; 0.33 3.69 369 b, 8e7 § 0el%  cmme cwee
T9 0,16 ; 0.02 81,21 81.21 1. 99+ ; 0el® cmem  ~w—-
T10 2,88 ; 0.52 28,54 15.89 L, 40, 3 0.1% 041% 0.1%
711 0,60 ; 0.17 25,28 25,28 Fo 99+ ; 0619  meen  wome
T12 2.67 ; 0.40 24,99  1k,59 3. 550 3 0u1% 0,13 0.1%
T13 - 0,20 ; 0.04 10,10 5497 2. 99+ ; 0,14 0.1% 0.1%
L 0,26 ; 0.04 20,52 12.97 - 3. 99+

0,19  0.1% _o.1g”
1008 e mmm

E 1 2037 H 0'”3 3059 3659 70 2.8 H
E2 0,15 ; 0.09 1,09 0e55 6o 10, 3 0419 0414 0,19
E3 0.23 ; 0.04 2,20 2420 8. 54 ¢ 0u1% cmme  caea
EL 0,99 ; 0,18 14,17 7.27 6. 74y 3 041%  0.1% 0.1%
E5 2,76 ;3 0.47  3.73 Je54 b, 2¢ 3 5,08 1,08 —ee-
E 6 0,17 ; 0.07 5.73 2450 4, 83, ; 0,19 0.1%, 0.1%
_E7 0,28°; 0,06 20,64 14,70 6. 99+ 3 0.14 0.1% 0.1%
E8 1.10 ; 500% cmee  ceee

0.25 0,50 0,50 10, L
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TABLE 64501
Thoracic duct lymph flow rates in thrombocytopenic animals.
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TABLE 6.6.1.
RBC flux in the thoracic duct lymph of thrombocytopenic animals.

RBC flux in.thoracic duct Platelet d value &  Statistical

A

N lymph. x 10%/hr. level,  statistical significance
I Post- significance RBC flux:max,
M Pre~APS. Post~ Post~ APS. RBC flux: vs,last.Both
A Mean & APS. APS. x pre=-APS,vs, post-APS.

L % s.de Max. Last, 103 /rm3,. max post-APS.

T i 3.2’4‘ H 1.13'6 8.3& 8.3’4 10. - 30“‘ H 0.1% ——ime oacases
T2 1,50 ; 0.23 18,91 3429 7 77+ 3 0.1% 0.1% 0.19
T 3 5060 H 1.62 21.12 21,12 l"o 905 H 0‘1% ———— -——
T 4 5051 H O.ML 24.30 22090 5. 42. H 001% 0‘1% -epow
T 6 6.59 H 1.38 29,21 12,92 4, 16. H 001% 0.1% 0.1%
T 7 3‘3? ;f1052 39087 21"079 60 214'. ; 001% 0.1% 001%
T9 1.06 ; 0.30 503.50 503,50 1. 99+ ; 0s1F —coe e
P11 2.75 ; 1.16 146,62 146,62 6.. 99+ 1 041F emen oo
T12 8.12 ; 1.46 9437 37.9 3. 57« i 0s1% 0.1% 0.1%
T13 1,00 ; 0.23 69.72 142,36 2. 99+ ; 0.1% 0,12 '0.1%
E1l 9,50 ; 1.71 26,19 26,19 7o 9¢7 3 001F cmce  amem
EZ2 O.hs H 0.32 . 2085 1.38 6. 703 H 001_% 0.1% 001%
E3 2,16 3 0.3  27.30 14,74 8. 65. ; 0,19 0.1% 0,19
E4 7.76 ; 1.24 110.53 46,53 6. 83, ; 0.19.0.,1% 0.1%
E 517.38 ;- 2.61 45,81 25,84 4, 11.6 ; 0.1% 0.1% 0.1%
E 6 1.20', 0.1"'1 39054 11011 Ll’o 9’4. H OOI% 0.1% 0.1%
E7 1.4 ; 0,36 132.10 77,91 6, 99+ 3 0,1% 0,19 0,1%
E8 z*oOB H 0.86 2.82 2.82 10.‘ . 1.11‘ H
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CHAPTER. 7

EXPERIMENTS AND RESULTS: PART B

In this chapter, we describe two pilot series
of experiments as an application of the present experi-
mental model and the résultg discussed in the previous
two chapters.

-

1. The Hydrocortisone ExXperiments

Four animals (group H) were infused intra-arter-
ially with Hydrocértisone as follows. Three animals were
given a bolus injection of about 0.1 gr/kg body weight
one-half hour pre—APé. .The fourth animai (H4) was given
1 gr Hydrocortisone (animal weight, 2..9 kgr) in four

equal bolus injections at one-half hou;.intervals, the
last injection a£,oné—half hour pre-APS. 1In all other
aspects, these experimeﬁts were condﬁcted as the ones
'deséfibed inthe érevious chapter. 1In Tabie 7.1.1, we
giQe.the RBC concentration in lymfh,measurements for
Eﬂese animals aé follows: _i. mean and standard
deviation, RBC concentration in lymph pre-Hydrocortisone
and pre-APS treatﬁent; ii: maximum RBC concentration in
thoracic duct lymph post-Hydrocortizone and post-APS
i

treatments; iii. last measured RBC concentration in
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thoracic duct lymph; iv. platelet count post-APS.

In Table 7.1.2., we give the data for RBC flux
in lymph measurements in the same order as for the RBC
concentration in lymph measurements in Table 7.1.1.

The post-APS platelet level range®for these
results is 2-7,000 platelets per cubic milimeter blood.
We compared the results of group‘H with the results for
groups T and E and for thé animals in the same post-
APS platelet level range.

The t test values for the maximum post-APS

RBC concentration values in the two groups of animals

was found to be:(H)-(T—E)2_7
' t19 = 2,01, which is

statistically significaht at the 10% level and almost at

the 5% (2.093).
The t test values for the ﬁaXimum post-APS

RBC flux measurement in the lymph of the animals of the

twd‘gfoups was found to be: (H)—(T-E),_-

tig = 0.119, no

statistically significant difference.
: "

The above discrepancy is due to the apparently
slower post-APS lymph flow rates in the Hydrocortisone
pretreated thrombocytopenic animals. Indeed, for this

-

group of animals, the " average hourly lymph

.output, for the post-APS period, was reduced by an average
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of 2.5% in respect with their pre—APé average lymph

flow rates. Since in the thrombocytopenic animals in
groups T-E the average increase in lymph flow rates post-
APS was 22%, it would appear that_ the RBC-measurements
in the lymph of %?imals in group H are more concentrated
than for animals in groups T-E. However, the products
of the higher RBC concentrationstimes\ the lower lymph
flow rates (e. g., the RBC flux) did not seem to be
strongly affected, and there was no statistically
significant difference between group H and group T-E.

In sumﬁary, the above study indicates the need,
when one studies the extravasetion'of erythrocytes from
the vescular compartment via sampling of lymph,’td
utilize the 'RBC flux in lymph criterion, rather than the
RBC concentratioﬁ in lymph measurements. Furthermore,
the above preliminary study indicates that (for doses
utilized here) whereas hydrocortisone does not signifi-
cantly affect the number of extravasated efythrpcytes
in thrombocytopenia, it may be reducing the fluid return
rate into the vascular eoméartment via the lymphatics.

2. The Fresh Platelet Concentrates Traﬁsfusionh
Experiments

We next proceeded to investigate the efficaey of
fresh platelets 1n plasma concentrate transfusions in

raising the platelet counts ‘of anti-platelet serum

- 4 . B
‘ | )
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rendered thfombocytopenic animals.

A group of five animals (group P) was operated
on and rendered thrombocytopenic }n yhe mode described
in Chapters 5 and 6. At two hours p&éL?APS, the
animals were transfused slowly with piatelet coqgentrates
(within 15 minutes). In Table 7.2.1, we give the results
for this group of animéls as follows: 1. pre-platelet
transfusion platelet count; ii. post-platelet transfus-

ion expected platelet count (assuming a blood volume in

. 1t approximately equal to 7% body weight in kg); iii.

post-platelet transfusion actual platelet count at one
hour post-transfusion; iv. percentage: actual/expected
platelet counts post-transfusion; v. RBC concentration
in lymph before transfusion of platelets; vi. RBC
concentration in lymph two hours post-transfusion of
platelets; vii. RBC flux in lymph pre-transfusion of .
platelets; viii. ng flux in lymph two hour.post-trans—
fusion of platelets. ’

We compared the final measurements for RBC
concentration in lymph and for RBC flux in lymph in this
grou; with those of the animals in group T-E with post-

APS platelet counts in th same range as for group P.

"The t test values for the RBC concentration and for the

t

RBC fluxes in lymph are correspondingly (RBC concentration)

-
»
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t,o = 1.94 and (RBC flux) t,, = 1.98. ° Statistical
significance for both is at the 10% level, and the
final measurements are lower for grgup P than for group
T-E. ~

However, what is pertinent to this work is not
this marginal statistically significant difference, but
tﬁe fact that platelets can be transfused and survive
into anti-platelet serum rendered thrombocytopenic

animals, shortly after the administration of the

antiserum.
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TABIE 7.1.1
The effect of Hydrocortisone om the RBC concentration in the
lymph of thrombocytopenic animals.

RBC concentratiom in thoracic duct

A Platélet level.
X lymph. x 1,000/rm3 o <» Post-APS.
I
M Pre-APS Post- Post- x 103 /rm3
A Mean & APS. . APS«
L. S.d. Max. Iasto
H 2 2,66 ; 0.72 29,78 27.50 L,
B3 0.83 ;0.32 15,11 14,00 5.
Hb 1,16 ; 0.24 26,73 26.54 7.
TABIE 7.1.2

The effect of Hydrocortisone on the RBC flux in the Lymph .

of thrombocytopenic animals.

rd

A RBC gluzg in thoracic duct lymph. Platalet level.
N 0°/hr, Post-APS.

I

M Pre~APS, Post- Post- x 103 /mm3 .

A Moan & APS. APS.

L . Sodo' MBX- Iasto

B2 9.88 ; 2.47 107,21 90475 L, _
B3 2.40 ; 0.53  33.24 30.80 5.

H4 2,96 ; 0,38 128,30 84,01 7o .
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TABIE 7.2.1.

4 The Effect of fresh platelets transfusions on the RBC concentration
in the lymph of thrombocytopenic animals.

A FPlatelet level.Post-APS. RBC concentration RBC flux in thoracic
N x 1,000/mm3. in thoracic duct  duct lymph. x105/hr.
I Pre- Post-transfusion lymph. x1,000/m3. -

M trans- of fresh platelets. 2 hrs 2 hrs 2 hrs 2 hrs
A fusion. Expe- Actual. $. post-  post- post- \ - post-
L cted, APS. transf. APS. transf.
3] 6. 274, 136, 51% 2,86 0,51 16,32 2,31

R 7. 219, 89, 384  L.,ub 1.51 15.61 5427

P 3. 280, 115, 404 2,08 1.4 9.16 4,75
Ps 7, 259, 119, 464  1.87 2.97 7.31 9.20
Ps &, 86. 21, 284 6.64 1.57 34,54 7.39

-, gt 5
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CHAPTER 8

DISCUSSION AND SUMMARY

\ 1. Applicability of the APS Thrombocytopenic Model

Qualitative82 electron microscopic studies and
quantitativelo'la’20_23 lymph sampling studies have shown

that in irradiation induced experimental thrémbocytOv
penia, there exists an increased rate of extravasation of
erythrocytes from the intact blood vessels. .queyer, in
the ‘anti-platelet serum experimental thrombocytopenic
(model, our extensive reviéw of the literature yielded
only qualitative electron microscopic studies of the
phenomenon.53’54 "

We ha;e now demonstrated quantitative increases
of RBC -concentration vglues in l;mph, lymph flow rates

. . . 4

gnd RBC flux in thoracic duct lymph in APS induced
thrombocftopenia. The initial rise of RBC concentrat}ons
in lymph is followed in the majority. of the an;mals by
a later decfeasé, but stil; remains well above pre-APS
levels. Also, the initial outpouring of lymph tends to
be followed by a later slow down, even below pre-APS
levels. |

We have also demonstrated that fresh plaéelets

can be transfused into the thrombocytopenic animals

- . ~
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shgrtly post-administration of APS, thus making this model a

\' reversible thrombocytopenic model appropriate for the
study of the anti-purpuric efficacy of platelets stored
in different temperatures and/or in differept suspension
media. The model also appears to be sensitive to the
effect of pharmaceuticals on the permeability of the

- ' vascular wall to celiuiar and subcellular piasma compon-
ents in thrombocytopenia. Thus, it renders itself to .

the study of compounds such as corticosteroids, long

supposed as having anti-purpuric properties.

>
—_—

* The reproducibility of this model and the fact

2
v
that thé’animals can be operated while they are not,

£ -

thrombocytopenic, and that the whole experiment can

f be performed in one day are some of the considerations

——

in favour of it. F?rthermore, the fact that the infus-
ion of tagged RBC takes place. post-operatively red*ces

the possibility that direct bleeding. in ‘the abdominal

cavity during the operatiion may contribute to an arti-
fiqial increase of RBC counts 'in lymph, as some éf these
RBC find their way back into the circulation via the
lymphatics. ' h 2 |

2. Comparison of Results in the Irradiation and
- in the APS Thrombocytopenic: Models

“

Of interest is a comparison between the extent of
thrombocytopenic erythrocyte extravasation and increased

- X

[
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lymph RBC content’ in our experiments, and those of

18 21

Woods et al™ ", Jackson et alzo, Roy et al and

Aursnéss.22’23

Oﬁr results are.in line with those of-Aurshess,
whereas the results of Woqds et al, Jackson et al,and
Roy et al,in&icaté much higher 1evéls of erythrocyte
extravasation. We postﬁlaté that the difference is due perhaps
'to lymph node tissue dégeneratién and direc% hemorrhagic ‘

tendencies in the 1ymph nodes of the irradiated thrombo-

8,10,11

cytopenic animals. Aursness' results of lower

RBC counts in lymph may therefore be due to the fact that

\

.he cannuléted lymph vessels that drained tissues with

only type I capillaries, and before theseﬁvessels enter
any lymph nodes, thus minimizing the chance for a lymph &

o

3
cytopenic¢ model ¥Yor which we do not have reason to

node direct bleeding component. ,We utilized a thrombo- ‘
presume a lymph node damaging effect of the ex£ent mani-
fested in post-irfadiationithrombocytopenia via histol-
ogic studies78 however, we-drained lymph derived from
tissues\with type I bapil;arres (muscle), type II
capillaries .(intestinal mucosa) and type III capillaries
(bone marrow). We postulate thgt had we cannulated

lymph vessel instead, draining only tissues with type I

capillaries, we would have found RBC concentrationsin
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igmph to be lower than those of olr current work and

those observed by Aursness.w»

D

u
Another possible contributing factor accounting
in part for the much higher RBC concentrationsin lymph
observed by other investigators may be that in most

of their work, they cannulated the thoracic duct .

.ACephalad to our point of cannulation,in the supraclavi-

gul}ar region, thus draining lymph that was partially
derived from the liver and spleen lymphatic drainage
system, both the liver and spleeﬁ being organs with

type III capillaries and massive blood supply. Since

e

tbose capilléries are permeable to RBC even in normal
animals, it may’well be that their permeabhlity,to RBC
in thrqmbocytopenia is imcreased greatly comppred to the
increase for type I and type II capillaries. Also,
species differences do exist and may have contributed
to the obse}ved:differences in RBC concentration in lymph~‘\\\
of the thrombogyﬁopenic animélé;.oniy'Bigelow et al and
Aursness reported on the rabbit in their.gxperiments (aé
~ we did).
We feel,‘howeyer, that it is not really all that

meaningful to attempt numerical comparisonsin measurements

of RBC concentrations in lymph between the irradiation

i

8 h dme v e = e
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thrombocytopenia and the APS thrombocytopenia for

the following possible reasoﬁs: i. if indeed irradia-
t%on‘aﬁd AP? cause damage to endpthelial cells, there is
no reason why tﬁe extent or nature (reversible-irrevers-
ible) of this.injury should be the same; ii. if the
postulated injuries eventually resolve in cellular death,
it is possible that the time it takes for the necrotic\
changes to develop and to be manifested is longer than the
thrombocytopenic effect of single injecgions of APS,
whereas by the time severe thrombocytopenia levels develop
in the irradiation model, those necrotic changés have
al;eady develoﬁé@ and are ummasked in the absence of
platelets; iii. the normally used amounts of APS serum

do not arrest Ehrombopoietic activity, although they may
affect magakaryocyteszs; young larger piatelets can be
found in the circulatipn shortly aftervtreatmené with’
AP828’46' Therg is a possiﬁility that those platelets )
may be, even in numbers too small to significantly raise
platelet levels, more efficient in supporting endothel-
ium than equal numbers of old, dwindling plitelets in
the thrombopoeitic arrest irradiatipn ﬁodeivof
thrombocytogenia. The same-difficulty of comparxisons

arises between fully irradiated and ineffectively irrad-

iated animals, as it appears that perhaps even marginal
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thrombopoeitic bone marrow activity can generate

enough new platelets to alleviate the purpuric effect

of thrombocytopenia.zz’23 - !

3. An Interpretation of Our Results

The lowering of the erythrocyte content in lymph
past a first maximum can-be due to either of the
following, or a combination: 1. new platelets as
discussed above coming into the circulation and revers-
ing endothelial cell impairment; ii. the maximum is due
to the combination of thrombocytopenia and the transient

effect of vasoactive substances on the endothelium.

-These vasoactive substances (such as histamine and

serotonin) are known to be released by platelets

92,93 89,90,91 a transient effect

affected by APS and have
on vascular wall permeability inducing contraction of
endothelial cells and the appearance of intercellular
gaps through which cellular and subcellular plasma A'
components could be’extravasatéd. The dissipation of

thd effect of the vasoactive amines leaves a more stable
baseline of vascular changes, due to the undernourishing
and impairment of fuﬁction of endothelial cells. It is
this level of endothelial impairment that could further
detériorate if thrombocytopénia is sustained via repeat-

ed injections of APS.54

'
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IJF indeed this second hypotheéis is true and if (
our anti-endothelial cell activity free serum was truly \
free, then the lack of diffegence in the effect of the
two sera we utilized (T and E groups) could be explained
if we assume that, the controliing capillaryfvenules
wall permeability factor in the first stage of APS induc-
ed thrombocytopenia was not endothelial thinning in the
absence of plateleté, but the effect of the vasoactive
amines released by platelets affected by either sera.
Since biologically equal APS doses were used and equal
levels of thrombocytopenia were achieved, one could
expect equal release reactions and equal capillaries-
venules permeability changes, leading to combarable
levels of extravasation of erythrocytes for the two
sera in this first stage of APS thrombocxtopeniat\

4. . Summary

- We have uneqﬁivocaily and quantitatively
demogsf}ated, as manifested by increased RBC content
in thoracic duct lymph, an increased extravasation of
efythrocytes from the vascular compartment in anti-
platelet serum induced.thrombocytppenia. This experi-
mental thrombocytopenic mddél appears to be a reveréible

one, as platelets can be transfused into the animals

RS



and survive, shortly after the APS induction of severe

thrombocytopenia. Thus, it appears that this model could

{ )

be useful in ¢ertain aspects ofgpla;elet and pharmacelb-

'ticals research.

Also, in this model, it is rather unl}kely that
direct bleeding into the degenerating tissues of the
lymph nodes, as may be the case in irradiation thrombo-
cytopenic experiments, could result in artificially
elevated estimates of the degree of the spontaneocus
extravasation of erythrocytes in thrombocytopenia.
Furthermore, the fact that the animals are first operated
on and then rendered thrombocytopenis, and the fact that
the infusion of labelled RBCs takes place well into the

(post—operative period, minimizes the risk of direct

bleeding into the abdominal cavity resulting in false

high RBC concentrations in lymph measurements.
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