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Sequential ultrastructural changes of
canine cerebral arteries in delayed vasospasm
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Abstract: Chronological ultrastructural changes of cerebral arteries in spasm were studied
using the established canine double-injection model. Cisternal injection of autologous blood
was repeated twice with an interval of 48 hours, and the basilar arteries were obtained at au-
topsy 7, 14, 21, and 28 days after the first injection of the blood. These specimens were studied
by light microscope, scanning electron microscope and transmission electron microscope.

The morphometric study showed that the luminal diameter of the basilar artery reached
the nadir on day 7 and thereafter returned gradually to the normal size. Histological changes
such as convolutions of the intima and the elastic lamina, vacuole formation in the endothe-
lium and craters of the endothelial surface were ohserved, suggesting the endothelial cell
damages. Subendothelial thickening, thickening of the basement membrane of the smooth
muscle cells and increased interstitial space in the media were observed in addition. These
changes were most marked on day 14 as a whole, but severe morphological changes of
myonecrosis which were described in several previous studies were observed scarcely. Smooth
muscle cells containing numerous lysosomes were present on day 14. Morphological changes of
the arterial wall were mostly reversed by day 28, except for a mild increase of collagen fibers.

It seems that hypoxia and poor supply of metabolic substrates due to flow reduction cause
endothelial cell damage resulting in an increase in the permeability of the intima, and hence to
the edematous changes of the arterial wall, which in turn result in an enhancement of
lysosomal activities. And when the enhancement of lysosomal activities persists, it might play
a pivotal role in the development of myonecrosis. Restoration of luminal blood flow by reex-
pansion of the spastic artery, when successfully performed in the early stage of vasospasm,
may well prove to be effective in preventing the development of proliferative arteriopathy.
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Fig. 1 Time course of diameter of basilar
artery in double injection canine model of
vasospasm. Open circles indicate diameter of
fixed specimen in this study. ** :p<0.01,
compared to the control. Diameters measured
by angiography in the previous study'® is
shown for comparison purposes (closed circle).
In angiographic measurement the diameter
before the blood injection(control) was taken
as 100%.
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Fig. 2 Light micrographs of cross-sectional
profiles of basilar artery from a control dog(a),
dogs sacrificed on day 14(b) and day 28(c). Day
14 specimen showed convoluted intima and in-
ternal elastic lamina. In the tunica media, in-
creased interstitial space was seen. Day 28 spec-
imen showed similar profile to control one.
(Methylene blue-azure II and basic fuchsin, X
200)
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Fig. 3 Scanning electron micrographs of cross-
cut surface of basilar artery observed at a
slightly oblique plane. Control
showed no waving of endothelium. Day 14 spec-
imen(b) showed longitudinal folds of endothe-
l[ium. (X100)
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Fig. 4 Scanning electron micrograph of

luminal surface in control specimen. It
showed smooth endothelial surface with
slight elevations in the central portion of
the cells. (X1000)
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Fig. 5 Multiple longitudi-
nal folds of endothelial cell
were seen in luminal sur-
face on day 14 specimen(a).
Large magnification of a
fold was shown in b. In
groove( ), endothelial cells
were swollen and large in
size. Scanning electron
micrographs. (aX500, bX
2000)
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Fig. 7 Minimal folds were noted(a) and en-
dothelial cells increased in size to some degree

Fig. 6 Mild folds and many were scattered(b) on day 28. Some platelets
bridge-like structures (arrows) were were observed on luminal surface in b. Larger
seen on day 21. Scanning electron endothelial cells were seen (arrow). Scanning e-
micrograph. (X500) lectron micrographs. (a X500, b><1000)
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Fig. 8 Craters in the luminal surface and
bridge-like structure were found on day
14. Scanning electron micrograph. (X 1500)
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Fig. 9 Transmission electron micrographs in control specimen. Endothelial cells were flat and subin-
timal cell was observed. Internal elastic lamina(* ) decreased its density gradually toward the ab-
luminal side and was nonconvoluted(a). In the tunica media, smooth muscle cells had spindle-shaped
nuclei and abundant myofilaments. Cell organelles were sparsely distributed and interstitial space
contained few collagen fibers(b). Surface vesicles were arrayed beneath the muscle cell membrane
and the electron dense area of cell membrane had no vesicles(c). (a X 3000, b>x<10000, ¢cX20000)
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Animal Groups

Morphologic findings Control day 7 day 14 day 21 day 28
Scanning Electron Microscopy
Corrugation - +++ +++ ++ +
Craters - + 4T ++ +
Endothelial separation = = — — —
Denuded endothelium — s — — =
Brigde-like structure - + ++ + -
Platelet aggregation — + + + -
Transmission Electron Microscopy
Endothelium
Convolution — + Ft + + +
Vacuole * ++ +++ + +
Subendothelium
Thickening of elastica — + + + +
Amputation of elastica + + + + +
Subendothelial thickening — + +++ ++ +
Subendothelial cell + + + + +
Media smooth muscle
Vacuole - — + + =
Surface vesicle +++ ++ + +++ +++
Necrosis — = + = =

Table 1. Sequential changes of vascular ultrastructure.
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Fig. 10 Transmission electron micrograph in

day 7 specimen. Irregular arrangement of nucle-

us in the smooth muscle cell and mild suben-

dothelial thickening were obvious. (X 3810)

Fig. 11  Transmis-
sion electron mic-
rographs in day 14
specimen. Suben-
dothelial thickening
became much more
severe and vacuoles
were recognized in
endothelial cells(a).
Smooth muscle cells
had thick basement
membrane and in-
terstitial spaces
were spread. (aX
6300, bXx5000)

Fig. 12 Transmission electron
micrograph in day 21 specimen
showing thick basement mem-
brane(arrow), irregular shaped
smooth muscle cells and abun-
dunt collagen fibers in the wide
interstitial space. (X3000, bar=

lpum)
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Fig. 14 Transmission electron micrograph in

day .14 specimen. A smooth muscle cell(arrow)
contained numerous lysosomes (membrane-
bound vacuoles). (X6300)
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37272,

Fig. 13 Transmission e-
lectron micrographs in day
28 specimen. Every layer
regained almost normal ap-
pearances(a) except for in-
creased collagen fibers(b). (a
X5000, bxX6300)
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