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ABSTRACT 

The following experiments were made to examine the increased permeability 

of vasa vasorum. Dogs of approximately 10 kg body weight were anesthetized 

by intraperitoneal injection of 30 mg/kg of pentobarbiturate. One ml of 5 ,ug/ml 

bradykinin solution in saline was iufiltrated around the tissues of the exposed 

carotid arteries and iliac arteries respectively. Immediately afterwards 50 ml of 

homologous serum protein combined with fluorescent · dye was injected intra· 

venously. The vessels were removed 2 to 8 minutes after the injection of the 

dye. The removed vessels were observed under a fluorescence microscope. The 

intima was peeled to make the material transparent which was essential for the 

microscopic observation. Control experiments were made by using normal saline 

in the same operative procedure. Vasa vasorum of the arteries were distinctly 

seen emitting green fluorescence. Leakage was most prominent from venules of 

20 to 30 fl in diameter, especially at the branching junctions, but no leakage was 
found along arterioles. The fact that bradykinin increases permeability of vasa 

vasorum suggests an important role on the venular side of vasa vasorum in the 

pathogenesis of vasular diseases. 

INTRODUCTION 

The wall of blood vessels is doubly nourished from the inside and outside. 

While the intima and the inner third of the media are thought to be nourished 

by imbibition from the lumen, the adventitia and the outer third of the media 

are thought to be nourished by blood supply from the vasa vasorum. In com

parison with the former, the latter blood supply has not received much attention 

in physiological and pathological studies though the existence of vasa vasorum 

has been known for over a hundred years1>, and was reviewed by Ramsey2> in 

1936, because lipid metabolism in arterioselerosis3> has been investigated chiefly 

from the view point of imbibition from the lumen and partly because of method

ological difficulties in spite of the great effort to demonstrate vasa vasorum4>. 

Recently, the establishment of microangiographical technique5i and its practical 
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application have been contributing to the morphological study of vasa vasorum6l, 
but they are not always adequate in physiological studies of vasa vasorum. 

The present experiments were designed to evaluate the role of the vasa 
vasorum in the pathogenesis of vascular diseases. Bradykinin7l solution in 
saline was used to determine functional disorder of the vasa vasorum. When 
leakage of blood or its constituents from the vasa vasorum exists, it would 
suggest the possible presence of resulting vascular diseases caused by primary 
disorder of the vasa vasorum. Homologous serum protein combined with 
fluorescent dye .was used to make the phenomenon of leakage visible under a 
fluorescence microscope. This made it possible to comprehend the phenomenon 
of leakage, because fluorescent dye loses its pharmacological activity by being 
combined with serum protein. 

EXPERIMET AL PROCEDURE 

Preparation of Homologous Serum Protein Combined with Fluorescent Dye 
Fifty mg of 5-dimethylamino-1-naphthalene sulfonyl chloride was dissolved 

in 1 ml of slightly warmed methanol. This solution was added to 50 ml of 
homologous dog serum drop by drop with thorough mixing. The mixture was 
kept for ten minutes at room temperature to promote combination of the 
serum protein with fluorescent dye. Then methanol, the solvent of dye, and 

excessive fluorescent dye which did not combine with the serum protein were 
removed by dialysis against 2,000 ml of normal saline. The protein combined 

with fluorescent dye described above is to be noticed at one hundredth con
centration8l of other pigments. 

Method 
Dogs of approximately 10 kg body weight were anesthetized by intra

peritoneal injection of 30 mgjkg of pentobarbiturate. First, the carotid arteries 

and iliac arteries of both sides were exposed. One ml of 5 ,ug/ml bradykinin 
solution in saline was infiltrated in the tissues around each exposed vessel. 
Immediately afterwards 50 ml of the serum protein combined fluorescent dye 
was injected intravenously. The vessels were removed 2 to 8 minutes after 
injection of the dye. Control experiments were made using normal saline in 
stead of bradykinin solution under the same operative procedure. The removed 
vessels were kept in saline to prevent from drying. The intima was peeled 
off to make the material transparent, which was essential to observation under 
a fluorescence microscope. 

RESULTS 

Vasa vasorum of the arterial wall were distinctly seen under a fluorescence 
microscope emitting green fluorescence. There was observed leakage of blood 

or its constituents containing fluorescent dye in the bradykinin infiltrated group. 
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The leakage reached a peak 4 min. after the infiltration and the intensity of 
leakage 6 min. after the infiltration was almost equal to that 8 min. after. 
No appreciable differences were observed in the vasa vasorum of the carotid 
and iliac arteries. The dogs injected with homologous serum protein (com
bined with fluorescent dye) never showed any change in general condition, 
such as shock. 

Control Group 
No leakage was seen from the 

vasa vasorum of dog's carotid artery 
around which normal saline was in
filtrated in stead of bradykinin solution 
(Fig. 1). The hook-shaped vessel in 
Fig. 1 was a venule of approximately 
50 p. in diameter which was differenti
ated by tracing it from a small vein 
under the microscope. 

Bradykinin Infiltrated Group 
1. Leakage from venules 

FIG. 1. Vasa vasorum of dog's carotid 
artery (control ). 

There could be ob&erved prominent leakage from the vasa vasorum caused 
by the infiltration of bradykinin around the tissues of the dog's carotid artery 
(Fig. 2) and iliac artery (Fig. 3) . The leakage spread in circular or semi
circular shape surrounding the branching junctions of venules of the vasa 
vasorum. 

F IG. 2. Venular leakage of vasa 
vasorum of dog's carot id arter y. 4 
min. after bradykin in infilt r a tion. 

2. Leakage from capillaries 

FIG. 3. Venular leakage of vasa 
vasorum of dog 's iliac artery. 6 min. 
after bradykin in infiltration. 

Leakage was often seen in the capillaries. The shape and site of capillary 
leakage were similar to those of venular leakage, but it was less intense and 
small in extent (Fig. 4 and Fig. 5) . 
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FIG. 4. Capillary leakage of vasa 
vasorum of dog's carotid artery. 6 
min. after bradykinin infiltration. 

3. Leakage from arterioles 

FIG. 5. Capillary leakage of vasa 
vasorum of dog's carotid artery. 6 
min. after bradykinin infiltration. 

No leakage was observed along the arterioles. In Fig. 6 arterioles and 
venules were differentiable by tracing them from small arteries and veins under 
the microscope. No leakage was noticed along the arterioles, while venules 
showed prominent leakage (Fig. 6 and Fig. 7). 

FIG. 6. Vasa vasorum of dog's carotid 
artory. Arterioles and venules are differ
entiable. Leakage occurs from venules and 
not from arterioles. 6 min. aft_err bradykinin 
infiltr ation. 

DISCUSSION 

FIG. 7. Illustration of FIG. 6. 

In 1936 Menkin9l noticed the presence of permeability increasing substance 
in inflammatory exudate. This substance was named leukotaxin from its leuko
taxic action. But this substance was not accepted to increase permeability 
directly, as histamine was then the only substance known to increase perme
ability, and Rocha e Silva, who in 19497' reported on bradykinin, considered at 
that time that the permeability increase action of leukotaxin was manifested 
through the release of histamine. Bradykinin was releast!d from plasma glo
bulin by snake venom and trypsin. It caused the basic reactions of in flam-
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mation, namely, increased permeability, leukotaxis, pain production, vasodila
tation, etc. Above all, the prominent exudation caused by bradykinin as the 
result of increased permeability excited the attention of investigators, because 
it was the most characteristic feature of inflammation. Thus, histamine con
ceded its primary status as a chemical mediator of inflammation to bradykinin. 
On the other hand Lewis10l noticed that kinin releasing activity of lymph in 
traumatic tissue could be blocked by antihistamic agents. He concluded from 
this observation that histamine increased as a first step in traumatic tissue 
and leakage of plasma from capillaries resulted. Next, kinin releasing enzyme 
in plasma produced kinins, and the inflammatory process occurred. Thus the 
notion that bradykinin is the second phase mediator of inflammation was 
generally accepted in spite of some objections11l. 

Homeostasis of the vascular wall is maintained by the perfusion system 
which is composed of intimal imbibition of plasma constituents, import and 
transport through the vasa vasorum and lymphatic drainage. According to 
Doerr12l the imbibed plasma constituents flow in the vascular wall forming a 
"Fliissigkeitsstrasse" which runs longitudinally under the endothelial lining. 
In other words, the vascular wall is bathed in plasma constituents constantly 
and metabolic process may occur intramurally. An impediment to the flow 
and absorption by the vasa vasorum of these plasma constituents may lead 
to deposition with mischievous side effect resulting in arteriosclerosiS13l. 

It is, however, quite reasonable to assume that the vasa vasorum are also 
susceptible to inflammation. When the vasa vasorum are involved in inflam
matory process, increased permeability occurs and exudation of various sub
stances from vasa vasorum into vascular wall will result. This may produce 
a breakdown of maintaining homeostasis in the vascular wall, and edematous 
change in the vascular wall will appear as a result of the retention of plasma 
constituents in the vascular wall. Doerr referred the disturbed homeostasis 
of vascular wall perfusion to the elevation of edematous intima and dissecting 
phenomenon observed in arteriosclerotic vessels. 

The question on the site and mechanism of leakage has received the at
tention of many investigators. In the present experiments bradykinin induced 
leakage at the venular side of the vasa vasorum. Rous and his colleagueS14l 

thought that the walls of minute vessels were relatively impermeable near the 
arterioles but became increasingly permeable as the venules and veins were 
approached. This was not contradictory to Zweifach's description11l that indi
cations of permeability developed in the postcapillaries and collecting venules. 
The author observed leakage occurring along venules of 20 to 30 ~ in diameter 
especially at t he branching junctions. One clue t o the solution of why leakage 
occurred at the venular side and not at the arteriolar side was given by 
Majno et al.15l , who discovered endothelial gaps in the inner surface of venules. 
These venules with endothelial gaps were called leaking vessels. Many in-
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vestigations have been made to demonstrate the relationship of disturbance of 
vasa vasorum to vascular diseases. Shionoya and Griss16l noticed that re
current provocation of Arthus's phenomenon in the neighbourhood of the 
abdominal aorta and common iliac arteries of rats was followed by mural 
thrombosis, intimal proliferation, diffuse thickening of the vessel wall, localized 
cystic degeneration of the media and marked fibrosis of the adventitia. It is 
not unreasonable to suppose the existence of venular leakage and disturbance 
of vascular wall perfusion when Arthus's phenomenon occur in the vasa 
vasorum. Moreover, the vasa vasorum play an important role as the pathway 
by which pathological changes around the adventitia may extend to the media 
and intima. 

Further studies are needed to correlate the anatomical and pathological 
relationship between the vasa vasorum and the lymphatics. 

SUMMARY 

These experiments were designed to demonstrate leakage of blood or its 
constituents from the vasa vasorum into the vascular wall by inducing inflam
mation with the aid of bradykinin. Serum protein combined with fluorescent 
dye was used to comprehend the leakage under physiological conditions. 
Leakage was most prominent at the venular side of the vasa vasorum. This 
fact suggests an important role of the venular side of the vasa vasorum in 
the pathogenesis of vascular diseases. 
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