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MATERIALS AND METHODS
Male Columbia Sherman rats with experimental
renal hypertension (26) of varying duration and control animals were utilized in these experiments . Some
of the hypertensive and control animals were injected
intravenously with colloidal carbon (Pelikan C l 1 /
1431a, Gunther Wagner Co ., Hanover, Germany)
(14) and/or horseradish peroxidase Type II (Sigma
Chemical Co ., St. Louis, Missouri) (20) for assessment of vascular permeability . The animals were
sacrificed, and portions of the cerebral cortex were
fixed at room temperature in formaldehyde-glutaraldehyde (6) . Tissue from animals injected with
horseradish peroxidase was incubated for 15 min in a
Tris buffer (pH 7.6) containing 3-3'diaminobenzidine tetrahydrochloride and hydrogen peroxide (20)
to yield a final product detectable by electron
microscopy. The tissues from all animals were dehydrated with acetone and embedded in Araldite .
Thin sections were then cut, stained with lead
citrate (21) or uranyl acetate and lead citrate, and
examined in a Philips EM 200 electron microscope .
OBSERVATIONS AND DISCUSSION
Cross-striated bundles of filaments are found
within the cytoplasm of endothelial cells of small
cerebral cortical arteries and arterioles from hypertensive animals (Figs . 1-4) . Seven endothelial
cells, comprising approximately 5 0/0 of the endothelial cells examined, contain these bundles of
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filaments . Such structures are not found in a comparable number of endothelial cells from control
animals. The filaments are arrayed parallel to the
long axis of the vessels and are always located at
the luminal borders of the endothelial cells . The
individual filaments measure approximately 6070 A in diameter and are of an indeterminate
length . Electron-opaque bands of material measuring up to 1,000 A in width are distributed along
the long axis of the filament bundles . The dense
bands frequently appear contiguous with the inner
surfaces of the endothelial cell membranes (Figs.
1-3) . They vary from one to seven in number and
have a regular spacing of approximately 0 .5 µ.
The cross-striated arrays of filaments are
reminiscent of skeletal and cardiac muscle . The
electron-opaque bands resemble the Z lines of
striated muscle, the dense bodies of smooth muscle,
and the dense zones of the contractile fibrils of
myoepithelial cells (3) . The resemblance to muscle
is further supported by the fact that the diameter of
the filaments (60-70 A) is similar to that of actin
(9) . The absence of thicker filaments in endothelium could be related to the preparative techniques utilized. It is possible that myosin filaments
would be revealed by the use of special methods
that have been applied to smooth muscle (10, 19)
and renal (18) cells, as well as by transverse sections . Another explanation for the presence of only
thin filaments could reside in the functional state
of the endothelium at time of fixation, since it has
recently been shown that relaxed smooth muscle
contains solely actin filaments (11) . The possibility of actin-myosin interaction is not precluded,
however, by the absence of myosin-like filaments,
for there is some evidence that myosin in living
smooth muscle may exist in a relatively disaggregated form that is still able to promote the sliding
of interdigitated actin filaments (17) . In this regard, actomyosin that is antigenically similar to
that of uterine smooth muscle has recently been
demonstrated in vascular endothelium by the
fluorescent antibody technique (1) . The absence
of A and I bands could be due to the contraction
of the endothelium. However, sarcomere lengths
less than 1 .2 s are never seen in contracted
striated muscle .

Downloaded from http://rupress.org/jcb/article-pdf/45/1/188/1385309/188.pdf by guest on 17 May 2022

Cytoplasmic filaments measuring approximately
60-70 A in diameter have frequently been observed in endothelial cells (2, 4, 7, 8, 16, 22-24,
27) . These filaments are either dispersed throughout the cytoplasm or aggregated in bundles . A
contractile function has been ascribed to these
filaments (4, 7, 8, 22, 23, 27), and there is some
evidence that endothelial cells can contract (12,
15) .
The present report describes a type of crossstriated array of filaments in the cytoplasm of
endothelial cells of cerebral cortical small arteries
and arterioles from hypertensive rats . It is suggested that these structures represent contractile
elements . The relationship of endothelial contractility to the increased permeability of the
endothelial cell junctions of these small arterial
vessels is discussed .
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FIGURES 1-4 are electron micrographs of arterial vessels from the cerebral cortex of hypertensive animals .
The arterioles in Figs . 3 and 4 are from animals injected intravenously with horseradish peroxidase .
FIGURE 1 Bundles of filaments are present at the luminal border of this endothelial cell . These filaments
are oriented parallel to the longitudinal axis of the cell . Three electron-opaque bands of material (arrows),
one of which is partially out of the plane of the section (*), are distributed along the long axis of the filament bundles at a regular spacing of about 0 .5 µ . The diameter of the filaments (60-70 A) is comparable
with that of the filaments in the subjacent smooth muscle cell . Stained with uranyl acetate and lead citrate .
X 59,000 .
FIGURE Q A few filaments at the luminal border of this endothelial cell are delimited by electron-opaque
bands of material . Stained with uranyl acetate and lead citrate. X 59,000.
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FIGURE 3 Note the myofibrillar appearance of the cross-striated filament aggregates in the luminal
portion of this endothelial cell . Seven electron-opaque bands are readily discernible . Several of the dense
bands appear to be contiguous with the inner surface of the endothelial cell plasma membrane, and the
extreme left band is closely associated with the intercellular junction . Peroxidase is seen within the lumen
and apposed to the luminal aspect of the endothelial cell surface membrane. Stained with lead citrate .
X E29,000.
FIGURE 4 Sarcomere-like arrays of filaments are present in this obliquely sectioned endothelial cell .
The filament bundles are wider than those depicted previously . The peroxidase lies within an infolding
of the endothelium as well as in the lumen of the vessel . Stained with lead citrate . X 56,000.
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The sarcomere-like arrays of filaments, which
could represent the structural basis for endothelial
contraction, are seen solely in segments of small
arteries and arterioles in which endothelial cell
junctions exhibit increased permeability, as evidenced by the penetration of exogenous peroxidase (5) . The ultrastructure of endothelial cell
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as the zonulae occludentes is consistent with such
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longitudinal contraction of the endothelial cells
would both tend to separate the membranes of
these tight junctions, perhaps, as the evidence suggests (5), to an extent that permits the passage of
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Endothelial contractility has previously been
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narrow these channels . No protrusion of endothelial cells into the lumina of arteries and arterioles from hypertensive animals was observed .
Since contractile properties are presently being
ascribed to cells other than muscle cells, the suggestion that the cross-striated arrays of filaments
in endothelium represent contractile elements
seems reasonable . If this is indeed the case, the
designation of endothelial cells as myoendothelial
cells would appear appropriate.
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