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Abstract

The microvasculature of the rat lung was studied by
scanning electron microscopy (SEM) and transmission
electron microscopy (TEM) of vascular corrosion casts
and tissue sections. Particular emphasis was placed on
postcapillary venules, pulmonary venules and small
pulmonary veins (small interlobular veins).

Casts of lung capillaries appeared inconspicuous
with smooth surface. On the casts of pulmonary venules
and small pulmonary veins, by contrast, series of narrow
annular constrictions, present at regular distances of
20-25 um, were seen. These constrictions may be
drastic, narrowing down the caliber of the vessel up to
50 %. In the constrictions the marks of circularly
running tubular structures were seen and were inter-
preted as being caused by circular bands of smooth
muscle cells. Tissue sections of the corresponding
vascular wall showed the presence of single or grouped
smooth muscle cells which regularly formed myoendo-
thelial junctions. These smooth muscle cells are inter-
preted as sphincters, responsible for the constrictions
seen on cast preparations. Axon terminals were not
found in spatial relationship to these sphincters. It is
suggested that the described venous sphincters are gov-
erned by blood-bome and/or endothelium-derived sub-
stances and may significantly influence the blood flow.

Key Words: Venous sphincter, lung, microvascular
corrosion casts, scanning electron microscope,
transmission electron microscope, Mercox, smooth
muscle cell, endothelial cell, rat.
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Introduction

Microvascular corrosion casting enables us to study
the three-dimensional arrangement of the vascular bed.
Further, it precisely shows the branching order of
vessels and the spatial relationship between different
vascular systems. This together with the luminal
replica, which even reveals the surface morphology of
the overlying endothelial cell nuclei and their border
regions, furnish us with a promising new technique.

Using this method Schraufnagel (1987),
Schraufnagel and Schmid (1988a, b), and Schraufnagel
and Patel (1990), observed striking constrictions on
pulmonary venous vascular casts of the rat. They
interpreted these constrictions as being caused by venous
sphincters. In order to prove whether or not these
devices are under neural control, the animals were given
a sharp head blow. Due to this procedure the furrows
were deepened, which prompted the authors to suggest
a nervously controlled mechanism. Konerding ef al.,
(1988) observed, on the surface of capillaries and small
postcapillary venules in the chicken sciatic nerve,
sphincter-like constrictions, without putting special
emphasis on their structural details.

In vascular corrosion casting, no information is
available concerning the detailed wall structure, since
soft tissue is digested away. The study of sphincter-like
structures, no doubt, needs precise information upon
morphology and distribution of contractile elements and
assumed nerve terminals governing them. Therefore,
the present investigation combines vascular corrosion
casting and tissue sectioning to correlate the different
morphological features of pulmonary venous sphincters
as they are observed.

Material and Methods

Vascular corrosion casting

Ten adult Sprague Dawley rats (200-250 g body
weight) of both sexes were used for corrosion casting.
The animals were anaesthetized with ether and the tho-
rax and abdomen were opened by a median cut. A plas-
tic catheter (Argyle 0.8 x 19 mm, Sherwood Medical,




St. Louis, MO, USA) connected to a two-way connector
(LS-2,B, Braun-Melsungen, Germany) was introduced
into the inferior vena cava at the level of the renal veins
and the pulmonary circulatory system was rinsed (using
manual pressure) with at least 80 ml 42 °C warm
heparinized Tyrode solution (5,000 TU/1) until the efflux
of the cannulated aorta (at the level of renal veins) was
clear.

Sixteen ml Mercox CL-2B (Dainippon Ink and
Chemicals, Tokyo, Japan) were mixed with 4 ml mono-
meric methylmethacrylate (Hodde, 1981) and immediate-
ly injected through the inferior vena cava. The animals
were left at room temperature for 2 hours and then
placed into a 60 °C water bath for final polymerization
of the resin overnight. After solidification of the resin,
lungs were dissected out, macerated in a 15% potassium
hydroxide solution at 40 °C for 2 days or longer. Pul-
monary vascular casts were cleaned in 5% formic acid
for 30 minutes, rinsed in distilled water and finally
frozen in a small volume of the latter. Some of the
specimens were cut into 1-2 mm thick slices, using a
specially adapted circular saw at -20 °C. All specimens
were freeze-dried, mounted onto copper foils and fixed
to specimen stubs with conductive silver paste, according
to the method of Lametschwandtner ez al., (1980). The
specimens were evaporated with carbon and gold for 3
seconds, then sputtered with gold for 600 seconds
(Aharinejad er al., 1989, 1990) and examined with a
Cambridge Stereoscan 90B SEM, using an acceleration
voltage of 15 kV.

Transmission electron microscopy

Five Sprague Dawley rats of both sexes were killed
by an intraperitoneal injection of pentobarbital (100
mg/kg body weight). After thoracotomy the lungs were
removed and small tissue blocks were cut from the infe-
rior lobes and fixed by immersion into 2.5% glutaralde-
hyde in 0.2 M phosphate buffer, pH 7.4, for 2 hours.
Specimens were rinsed in phosphate buffer and post-
fixation was performed in 1% osmium tetroxide in
Michaelis buffer, pH 7.2, for 2 hours. Dehydration was
done in a series of graded ethanols and finally in
propylene oxide. Embedding was performed in Epon
812. Semi-thin sections were stained with alkaline
Toluidine blue 0; thin sections were double stained with
methanolic uranyl acetate and alkaline lead citrate. The
specimens were studied with a Zeiss EM9 electron
microscope.

Results
In order to correlate the scanning electron (SEM)

and transmission electron microscopy (SEM) findings,
results from similar samples are presented on the same
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Figure 1. Corrosion cast of a pulmonary venule of
about 100 um diameter. Two unbranched bands of sur-
face constrictions are indicated by small arrows, two
additional less conspicuous indentations are seen in
between. Note imprints of endothelial cell nuclei on the
surface of the venular cast (arrowheads), particularly in
the upper half of this figure. Bar = 50 ym.

Figure 2. Transmission electron micrograph showing
part of the wall of a pulmonary venule with endothelial
lining (arrowhead) and a single smooth muscle cell (S)
beneath. This smooth muscle cell is situated within a
layer of elastic fibers (E). The cross-section profile of
this smooth muscle cell corresponds in size to the cross-
section of constriction bands seen on the venular cast in
Fig. 1. Bar = 2 ym.

plates: Figures 1 to 3 show micrographs of pulmonary
venules; observations from small pulmonary vein and
postcapillary venule are illustrated in Figures 4-7.

SEM observations

Venous vessels are identified as they are inter-
spersed in the casted pulmonary capillaries without any
closer spatial relationship to airways. The venous vas-
cular tree begins with postcapillary venules (10 to 25 um
diameter) which merge to form pulmonary venules (25
to 200 um diameter), the latter join small pulmonary
veins (interlobular veins, 200 to 1,000 um diameter).
Into the surface of all these venous casts reliefs of endo-
thelial cell nuclei are indented (Fig. 1) together with
bands of circular constrictions. On the surface of
smaller veins the constrictions occur solitarily (Fig. 1),
whereas larger veins show groups of furrows (Fig. 3).
The individual grooves are unbranched and according to
their shape and dimensions they may well correlate to
smooth muscle cells. The depth of constrictions varies:
they may be just flat (Fig. 1) or more drastic, so reduc-
ing the diameter of the vessel to about half of its original
luminal diameter. The entire course of constrictions
cannot be observed easily unless they are exposed by
slicing the corrosion casts with a saw. In this manner
the frequency of constrictions is underestimated, they are
only observed by chance if the sectioned area offers a
favorable situation. Hence, venous casts, the smallest
possible, were dissected free from the adhering vascula-
ture, so to enable us to study the constrictions selectively
(Fig. 6). By this method, however, only larger veins
can be prepared, where numerous constrictions are also
present. These flatter impressions are numerous, run
circularly or spirally, giving the cast surface a zig-zag
pattern. The dimension of these furrows once again cor-
respond to the dimension of smooth muscle cells.
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