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Ultrastructural Study of Arterial Endothelial Cells after Temporary Clipping
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Abstract

Sequential structural changes in endothelial cells after temporary arterial clipping were studied
by both scanning and transmission electron microscopy. A Heifetz clip with an occlusive pressure of
120 g was applied to the carotid arteries of 33 Wistar rats for 30 minutes. The animals were sacri-
ficed at the following intervals after clipping: 0, 1, 3, 6, and 24 hours and 3, 5, 7, 14, and 30 days.
Immediately after removal of the clip, there was severe endothelial desquamation, with platelets ad-
hering to the exposed subendothelium. Three days after clipping, repair of the endothelium was
accomplished by replication of adjacent undamaged endothelial cells and was completed within 1
week. Immature regenerating cells were characterized by numerous microvillous projections at the
luminal surface. These projections were approximately 100 to 150 nm in width and 0.2 to 1 ym in
length. The immature endothelial cells contained well developed rough endoplasmic reticulum and
many free ribosomes but contained few Weibel-Palade bodies and pinocytotic vesicles. However, as
the endothelial cells matured, pinocytotic vesicles and Weibel-Palade bodies increased, whereas
microvillous projections decreased. Within 14 days of clipping, the microvillous projections had
disappeared and the endothelial cells appeared normal. These data indicate that the endothelial
damage caused by temporary arterial clipping does not result in thrombus or atherosclerotic lesions
and is repaired within approximately 14 days.
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Fig. 1 Control specimens. A: Scanning electron photomicrograph of the endothelial surface showing marginal fold (double arrow) and
nuclear protrusions (arrowhead) . The endothelial cells are oriented parallel to the long axis of the artery. Bar=10 um. B: At higher
magnification, a large number of micropores are observed at the surface of the endothelial cells. Double arrow indicates marginal
fold. Bar=1um. C: Transmission electron photomicrograph showing the endothelial nucleus (N), internal elastic lamina (IEL),
a medial smooth muscle cell (SM), and the vascular lumen (L). Arrow indicates a Weibel-Palade body. Bar=1 um.
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Fig. 2 Immediately after temporary clipping. A: Very low magnification scanning electron photomicrograph of the luminal surface. The
area of endothelial cell desquamation (arrow) corresponds to the clipping site. Bar=0.1 mm. B: At higher magnification, the ex-
posed subendothelial tissue is seen to be covered with platelets. Bar=10 um. C: Transmission electron photomicrograph of the
clipping site showing a few layers of platelets (P) adhering to the exposed subendothelium and degeneration of medial smooth mus-

cle cells. Bar=1 um.

Fig. 3 Three days after temporary clipping. A: Very low magnification scanning electron photomicrograph of the luminal surface show-
ing persistence of a transverse, denuded lesion at the clipping site. Bar=0.1 mm. B: Enlargement of inset in A. At the margin of
the denuded area, polygonal endothelial cells and prominent nuclear protrusions are seen. Note the large number of microvillous
projections at the surface and cleavages (arrows) between the cells. Bar=10 um. C: Higher magnification scanning electron
photomicrograph of the central part of the cell shown in B. Numerous microvillous projections are seen, but micropores are not
observed. Bar=1um. D: Transmission electron photomicrograph of a regenerating cell at the margin of the denuded area. The
cell has microvillous projections at the luminal surface and contains well developed rough endoplasmic reticulum and many free

ribosomes, but few pinocytotic vesicles. Bar=1 um.
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Fig. 4 Five days after temporary clipping. A: Very low magnification scanning electron photomicrograph of the luminal surface. Much

of the denuded area is covered continuously with regenerating cells. Bar=0.1 mm. B: Enlargement of inset in A. The regen-

erating cells at the advancing edge have numerous microvillous projections at their surfaces. The cytoplasm of these cells extends
longitudinally as a long process on the subendothelium and contact with opposite cells. Many cleavages (arrow) are seen between
adjacent cells. Bar=10um. C: Higher magnification transmission electron photomicrograph of a regenerating cell. Many

microvillous projections are present at the luminal surface. Bar=1 ym.
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Fig. 5 Seven days after temporary clipping. A: Scanning elec-
tron photomicrograph. The denuded area is completely
covered with regenerating cells. Microvillous projec-
tions and marginal folds are evident. Bar=10 um. B:

Transmission electron photomicrograph. A regenerating
cell containing many Weibel-Palade bodies and pino-
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Fig. 6 Fourteen days after temporary clipping. A: Low
magnification scanning electron photomicrograph of the
luminal surface. The cells are oriented parallel to the
long axis of the artery. Microvillous projections are
short and sparse. Bar=10 um. B: Transmission elec-
tron photomicrograph. The cell is slender, and contains
many pinocytotic vesicles and Weibel-Palade bodies.
Microvillous projections are not observed. Bar=1 um.
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