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Basement membrane is usually found where con-
nective tissue comes into contact with epithelial
structures {1). It occurs on the outer surface of the
endothelium of small blood vessels, though it is
flimsy and deficient about sinusoidal vessels of the
spleen, liver, bone marrow, and frog heart (2-6).
Consisting of a feltwork of fine filaments embedded
in a homogeneous matrix (4, 5), it comprises three
layers: viz., the lamina rara interna, lamina densa,
and lamina rara externa (5, 7-9). Under normal
or physiological conditions, endothelial basement
membranes are known to vary in thickness with
age (9-13), species (9, 11, 13-17), and the site and
nature of the vessel (2, 3, 9-20). Pathological
thickening of the glomerular basement membranes
occurs in both spontaneous and experimentally
induced lesions (9, 11, 21-23). However, in the
present report an exceedingly thick basement
membrane, without any recognizable pathological
cause, was found in small vessels of the frog. In
addition, the ultrastructural organization of the
basement membrane was quite unusual in that it
was related not only to endothelium but also to
pericytes and adventitial cells.

MATERIALS AND METHODS

Queensland green tree frogs (Hyla caerulea) were
pithed or decapitated prior to the removal of the
tongue and the interdigital webs of the hind limbs.
The tissues were cut into small blocks, fixed for 2 hours
in 1 to 2 per cent osmium tetroxide buffered accord-
ing to Zetterqvist’s method (24), and then dehydrated
in ethanol and embedded in Araldite. Thin sections
were cut on an LKB (Type 4800A) ultramicrotome,
mounted on copper grids, stained with lead (25) and
1 per cent uranyl acetate in ethanol, and examined in
a Siemens Elmiskop I.

RESULTS

The thin-walled blood vessels (capillaries and
small venules) studied in the web and tongue were
in the main 5 to 15 u in diameter. The basement
membrane on the external surface of the en-
dothelium of these vessels was frequently thin,
being no more than 700 A thick. On one side, it
was applied to the outer surface of the endo-
thelium, and on the other it merged with the sur-
rounding connective tissue space.

In some cases the basement membrane of vessels
5 to 9 u in diameter varied from 700 to 1,500 A in
width. In the tongue, one vessel 8 p in diameter
had a pericyte basement membrane 0.5 p wide
merging with the basement membrane of the endo-
thelium where the latter was not covered by a
pericyte.

Larger vessels 10 to 15 u (probably venules) had
thick basement membranes (Fig. 1 to 4), frequently
up to 0.6 u. This was particularly so in the tongue,
for in the web the membranes did not exceed a
thickness of 0.5 u. The basement membrane was
not of uniform thickness in each vessel nor was the
more translucent lamina rara interna between the
basement membrane and the endothelium always
discernible (Fig. 2), though this may have been
caused by the plane of section. The thick basement
membranes were continued onto the external sur-
face of pericytes. However, in some vessels a thin
basement membrane closely related to endothe-
lium could be distinguished. It was separated from
one or several bands of basement membrane ma-
terial by a zone of lesser density (Fig. 3). These
bands invested fragments of unidentified adventi-
tial cells closely related to the vessel, but they were
not restricted to the immediate vicinity of the cells.
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Seale line = 1 u in the electron micrographs.

Freure 1  Small blood vessel from frog tongue. A thin basement membrane (B) is related to the endo-
thelium (E) in centre of illustration, but is much thicker at the sides, Note the thick basement membrane
on lower surface of adventitial cell (4). Lumen (L) is at top. X 13,000.

Figure 2 Thick basement membrane on adventitial surface of endothelium of blood vessel from frog
tongue. Note the variable density of the basement membrane and the incorporation of a few collagen
fibres. The absence of lamina rara interna in some regions may be only apparent and due to the plane of
section. Dark object at top is a red cell (R) in the lumen. X 14,000.

They were often convoluted and seemingly re-
dundant, in places coalescing with each other or
the endothelial basement membrane. In this
manner, a laminated perivascular zone of base-
ment membrane material, at times 2 u wide, was
formed about vessels in the tongue. In the web the
limit was 0.5 . Scanty collagen fibres and occa-
sional fragments of densely stained material re-
sembling elastic tissue were often incorporated in
the thick basement membrane.

A thick basement membrane (up to 0.13 u
thick) was also observed about a few vessels which
were surrounded by a layer of muscle fibres and
more plentiful elastic tissue. However, the ma-
jority of vessels showing a thick basement mem-
brane were not arterioles but rather capillaries and
small venules.

DISCUSSION

In the frog vessels, the remarkably thick base-
ment membrane and its arrangement are of con-
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siderable interest. The thickness of the broad bands
(morphologically basement membrane) could not
be accounted for by the plane of section. Further-
more, as the animals were only small or medium-
sized, it is improbable that the thickness is a fac-
tor of age. The possibility exists that it is pathologi-
cal. Yet even if this were so, the findings empha-
size the need for adequate control material in
experimental investigations involving this species.

Hogan and Feeney (16) found that the base-
ment membrane of small vessels in the human
retina was often unusually thick. In capillaries a
thin basement membrane (500 A) was applied to
the external surface of the endothelium, and a
thicker basement membrane (4,000 A) related to
pericytes. These two basement membranes co-
alesced where pericytes were absent. Such forma-
tions and thick composite basement membranes
are not unlike those found in the present study.
However, in the frog vessels pericytes were not so



Ficure 3 Broad band of basement membrane material about small blood vessel from frog tongue. Note
multiple layers of basement membrane and the incorporation of some collagen fibres. Dark bodies in
basement membrane at right of micrograph may be fragments of elastica. X 14,000.

Ficurt 4 Higher magnification to show fibrillary nature of thick basement membrane. X 25,000,

numerous as in the retinal vessels, nor was there
cavitation or “Swiss cheese” appearance of base-
ment membranes. In addition, the basement mem-
branes were more loosely arranged and had a
greater over-all thickness than in the retina.
Considerable widening of capillary basement
membranes has also been found in muscle from
human diabetics (22), and lamination similar to
that observed in the frog was recorded, though the
severity of the changes could not be correlated with
the clinical duration or the severity of the diabetes.
The functional significance of the present findings
is not understood, but it would appear that frog
tissue (especially the tongue) provides basement

membranes sufficiently thick as to be highly suit-
able for comparative studies of their physiology.

SUMMARY

An electron microscope study of capillaries and
small venules of the frog tongue and interdigital
web often revealed basement membranes of ex-
traordinary thickness. This thickness was due pri-
marily to the coalescence of a thin endothelial
basement membrane (700 A) and thicker accessory
membranes associated with pericytes and adventi-
tial cells. Multilayered structures at times sur-
rounded small venules, producing broad peri-
vascular zones of laminated membranes up to 2 u
thick in the tongue and 0.5 u in the web.
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