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In general, blood coagulation is considered one of the reactions which permit
the organism to adapt to pathological conditions. When the continuity of a
blood vessel is broken, blood coagulation is invaluable in preventing blood loss.

There are a number of arguments, however, which indicate that blood
coagulation is more than only this mechanism of adaptation to pathology. In
the first place there is the phenomenon of what might be called “purpura
hypocoagulabilica“. Whenever any one factor required in the normal deve-
lopment of blood coagulation is lacking, spontaneous hemorrhages may occur.
This purpura hypocoagulabilica is seen in the presence of a deficiency of any
of the coagulation factors, no matter in which part of the coagulation process
it is located. Spontaneous hemorrhages are seen even among those patients in
whom the normal coagulation factors are present, but whose serum contains
abnormal proteins, which prevent the conversion of fibrinogen into fibrin (11,
12, 22, 32). Purpura hypocoagulabilica has also been observed among patients
with normal coagulation factors, whose plasma exhibits a high fibrinolytic
activity (1, 4, 6, 8, 31).

These clinical observations have led to the assumption of a causal rela-
tionship between deficient blood coagulation and spontaneous hemorrhage.
There are only two factors common to all these coagulation disturbances:
decreased fibrin formation occurring in them all, eventually, and a tendency
to spontancous hemorrhage. It could be concluded from the above that a
shortage of fibrin is responsible for purpura hypocoagulabilica.

Comparing these pathological conditions with the normal situation, omne
arrives at the hypothesis that a non-deficient fibrin formation contributes to
the normal impermeability of the blood vessels for erythrocytes. This fibrin is
probably formed by the continuously active blood coagulation process which
in this way would become a physiological function.

This assumption is supported by the observation that the proteins involved
in the coagulation mechanism are normally more intensively consumed by the
body than other proteins (2, 13, 24). In addition, several investigators claim
to have demonstrated that coagulation factors (thrombin [30], convertin [15],

heparin [25], fibrinolysin [10]) appear in circulating blood in an active phase.
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There are thus a number of arguments which tend to indicate that blood
coagulation takes place continually under normal conditions and that this pro-
cess 1s partly responsible for the impermeability of vascular walls for erythro-
cytes. A defect in this continuous process would explain the appearance of
spontaneous bleeding in cases of hypocoagulability. Several investigators in the
field of coagulation have mentioned this hypothesis (2, 6, 16, 19, 20, 23, 29, 34),
while Duguid (7) connected coagulation with the origin of atherosclerosis.
However, there is no morphological proof of this hypothesis to be found in the
literature. Certainly, Levene (21) was able to demonstrate that fibrin fibres
are present in the intima of normal human aorta, but it is not clear from his
investigation from which level of the intima these fibres originate.

For these reasons we have carried out a number of experiments with the
object of comparing the morphology of the inner surface of rabbit aortae under
conditions of normal coagulability with that obtained during decreased coagula-
bility after the administration of dicumarol or heparin. Since the diameter of
fibrin fibres (360 A — 2000 A [33]) falls below the resolving power of the
light microscope, our experiments were carried out with the aid of the electron-
microscope. We expected to gather most of the desired information, concerning
the coherence of endothelial cells and concerning substances, if any, lying
thereon, by studying the unfolded inner surface of vascular walls. For exami-
nation under the electron-microscope it was necessary to make an impression
of this surface. We made this impression or replica in perspex, which was
brought upon the endothelial surface, fixed in 10% formalin, in a solution in
chloroform. The chloroform evaporates in 1 or 2 minutes so that the impression
in perspex is made before the endothelium becomes desiccated. Since this per-
spex replica is not suitable for use with the electron-microscope, we made an
impression of it on a very thin hydrocarbon film (Kénig und Helwig
[18]), which thus became a positive with respect to the endothelium. After
removing the original perspex replica in chloroform and aceton and after
shadowing the hydrocarbon membrane with gold-manganese at an angle of
4 :1, the latter was examined in the electron-microscope. For reasons of com-
parison we also made impressions in perspex of fibrinclots which were handled
in the same way as the aorta preparations.

However, the aorta is not a blood vessel through which red blood cells
penetrate under conditions of diminished clotting power. We therefore carried
out a supplementary experiment concerning the appearance of capillary endo-
thelium, which does permit the passage of erythrocytes in such cases. We chose
the glomeruli of rabbits as study material, which was fixed in 1% osmium-
tetroxide in a isotonic buffer of pH 7,3 (Palade [26], modification R ho -
din [27]). After embedding in methacrylate the specimens are cut in the micro-
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tome constructed by Elbers (9). The electron-microscope used was a Philips
type 75. Our experimental methods are fully described elsewhere (28).

A comparison of aorta impressions made under conditions of normal- and
hypocoagulability revealed two points of discrepancy:

1. In all eleven normal rabbits we observed fibrils lying on the endothelium
(fig. 1 and 2). These were always seen lying perpendicular to the axis of the
blood vessel, usually between two nuclei. For a number of reasons it is unlikely
that these fibrils were artefacts: they always had the same arrangement, they
were never seen in impressions of other surfaces (glass, fixed gelatin or cello-
phane) and in contrast to real impurities the fibres always had a shadow. Their
form and size did not differ from those of fibrin fibres (fig. 3 and 4). The most
important argument, however, for equating these filaments with fibrin, is that we
found them only among 4 of the 14 rabbits with a decreased coagulability, and
then only sporadically. The preparation of specimens in the normal and hypo-
coagulable groups differed in only one respect, namely, in the treatment of the
rabbits in the second group with anticoagulants. The difference between normal
and decreased coagulability amounts to a diminished fibrinforming ability in
the latter condition. For this reason it is probable that the infrequent appearance
of fibrils on the internal vascular walls in our hypocoagulable group corresponds
with the presence of fibrin in lesser amounts.

We cannot definitely prove these fibrils to be fibrin. Our replicatechnique
does not reproduce the axial periodicity characteristic of fibrin (33) (hg. 4).
Supplementary experiments in this area are deemed desirable. We possibly suc-
ceeded in producing an increase in the number of fibres by means of an
intravenous thrombin infusion following Jiirgens and Studer (17).

2. In normal rabbits the majority of endothelial cell nuclei appeared di-
stinctly to protrude into the lumen (fig. 5). Although, through in illusionary
interpretation, the nuclei in the photos sometimes appear as indentations, it
is very probable that in the blood vessel they protrude into the lumen. In
rabbits with a decreased coagulability most of the nuclel were flat (fig. 6).
There were no differences between the rabbits treated with dicumarol and those
treated with heparin. This level appearance need not indicate that the nuclei
became flattened. Anatomicopathologically it is known that in the area of an
inflammatory process the cytoplasm of endothelial cells can become swollen
(Boyd [5]). There is in this condition, as well as in the case of hypo-
coagulability, evidence of increased permeability of the endothelial layer. It is
therefore probable that the flattened appearance of the nuclei in hypocoagula-
bility is the result of a swelling of the cytoplasm of the endothelial cells.

The observations discussed above indicate the probability that normal blood
coagulation contributes in at least two ways to the impermeability of endo-
thelium for red blood cells: by the deposition of fibrin fibres, and by the
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Fig. 1: Aorta rabbit, normal clotting power. 3700X, 80 KV. Fibres lying on the endothelium.

Fig. 2: Aorta rabbit, normal clotting power. 3700X, 80 KV. The fibres are lying perpendicular to the
axis of the nuclei and to the borderlines of the endothelial cells,
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Fig. 4: Replica fibrinclot. 12 000 X, 80 KV.
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Fig.5: Aorta rabbit, normal clotting power. 3700%, 80 KV. The nuclei of the endothelial cells protrude
mto the vascular lumen.

Fig. 6: Aorta rabbit, diminished clotting power. 3700X, 80 KV. The nuclei are less prominent into
the lumen.
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Fig.7: Glomerulus rabbit, normal clotting power. 18000%, 60 KV. Bottom right and top lefr a capillary.

influencing of the degree of swelling of endothelial cell cytoplasm. How this
influence is brought to bear, and why erythrocytes can penetrate endothelium
during decreased coagulability remain hypothetical.

To obtain more information concerning the latter problem, we have carried
out the experiment concerning the morphology of glomeruli under conditions of
normal coagulability (5 rabbits) and dicumarol-induced hypocoagulability (4
rabbits). The latter animals all had a more or less severe hematuria. We noted
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omerulus rabbit, diminished clotting power, hematuria. 18 000 X, 60 KV. A capillary lumen.
No obvious difference with fig. 7.

no obvious differences in the aspect of the structures between blood and urine
spaces (fig. 7 and 8). We definitely saw no defects through which an erythrocyte
could penetrate. Under conditions of hypocoagulability, the endothelium exhi-
bited a possible increase in the number of pores and vacuoles, but the number
of kidneys which we examined and the relative invalidity of comparison of
specimens fixed in osmiumtetroxyde prohibit us from stating this with any
degree of certainty.
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Summary

In order to study the phenomenon of spontaneous hemorrhages in cases of
diminished clotting power, we performed an investigation with the aid of the
electron-microscope by means of a replica technique, on the aspect of aorta
endothelium in two groups of rabbits, the first with a normal clotting power,
the second with a hypocoagulability. Comparison of these two groups revealed
two points of discrepancy. In the first place, in all the preparations of normal
rabbits we saw fibres lying perpendicular to the borderlines of endothelial cells.
These fibres were hardly seen under conditions of hypocoagulability, which is
one of the arguments for equating these filaments with fibrin. In the second
place, the nuclei of endothelial cells were less prominent into the vascular
lumen in hypocoagulability than in cases of normal clotting power. From these
observations and from some theoretical arguments we came to the hypothesis
that blood coagulation is a continuous process which lays down fibrin fibres on
the endothelium and which influences the swelling of the cytoplasm of endo-
thelial cells. We could not get more information concerning the problem of
how erythrocytes can penetrate endothelium in cases of hypocoagulability by
studying the aspect of the blood-urine barrier in the glomeruli in the same two

groups of rabbits.
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Résumé

Afin d’étudier ’hémorragie spontanée pendant Ihypocoagulabilité, nous
avons observé endothélium de Iaorte dans deux groupes de lapins, un groupe
contrdle et un groupe traité aux anticoagulants. Les deux groupes se distinguent
en deux points. Dans le groupe contrdle nous avons observé des fibres posés
verticalement sur les cellules endothéliales de P’aorte. Ces fibres font défaut dans
le second groupe, ce qui incite & croire que ces fibres sont des filaments de fibrine.

La seconde différence est que les noyaux des cellules endothéliales sont moins
rapprochés de la Jumiére du vaisseau chez les animaux traités que dans le groupe
non traité. Se basant sur ces données et A I'aide de quelques arguments théori-
ques, nous formulons Phypothése que la coagulation sanguine est un processus
continu déposant des fibres de fibrine sur 'endothélium influangant également
le gonflement du cytoplasma de Iendothele.

En étudiant les glomérules dans les deux groupes d’animaux, nous ne sommes
pas parvenu 4 obtenir plus de renseignements sur le passage d’érythrocytes a
travers Pendothélium dans les cas d’hypocoagulabilité.
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Zusammenfassung

Um das Phinomen der Spontanblutungen bei Fillen mit verminderter Ge-
rinnungsfahigkeit zu studieren, fithrten wir Untersuchungen mit dem Elek-
tronenmikroskop mit Hilfe einer Replikationstechnik am Aortenendothel bei
zwel Gruppen von Kaninchen durch. Bei der einen Gruppe war die Gerinnungs-
fahigkeit herabgesetzt, die andere diente als Kontrollgruppe. Der Vergleich
ergab zwei wesentliche Unterschiede: Erstens sahen wir in allen Priparaten, die
von norimalen Kaninchen stammten, Fasern, welche senkrecht zu den Grenzen
der Endothelzellen angeordnet waren. Diese Fasern wurden bei herabgesetzter
Gerinnungsfihigkeit kaum gesehen. Dies war fiir uns ein wichtiges Argument,
diese Fiden mit Fibrin gleichzusetzen.

Zweitens ragen die Kerne der Endothelzellen bei Tieren, deren Gerinnungs-
fihigleeit herabgesetzt ist, weniger in das Gefifilumen als bei den Kontrolltieren.
Auf Grund dieser Beobachtungen und einiger theoretischer Erwigungen kamen
wir zu der Hypothese, daf} Blutgerinnung ein fortwihrend ablaufender Vorgang
ist, durch den Fibrinfiden auf den Endothelzellen abgelagert werden und durch
den die Schwellung des Cytoplasmas der Endothelzellen beeinflufit wird. Zu
dem Problem, wie die Erythrozyten das Endothel in Fillen mit herabgesetzter
Gerinnungsfihigkeit zu durchsetzen imstande sind, konnten wir durch die Unter-
suchung der Blut-Harn-Barrier in den Glomerula derselben zwei Tiergruppen
keine weiteren Anhaltspunkte gewinnen.
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