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Abstract: The process of thrombus formation at arterial and venous endothelial
surfaces was examined by scanning electron microscope (SEM) and transmission electron
microscope (TEM) in a photochemical occlusion model.

The rats were divided into the following 4 groups after the injection of rose bengal : 1)
control group (n=5) without illumination; 2) group A (n=10) irradiated for 1 min; 3)
group B (n=10) for 5 min; 4) group C (n=14) for 10 min at cervical artery and vein.

As a result, SEM findings showed adhesion of blood platelets and endothelial damage
in neither artery nor vein in control and A groups. Plasma membrane damage of
endothelial cells (i.e. plasmalemmal pits, the crater-like structure associated with tear
between endothelial cells, and decreased number of microvilli) was recognized in arterial
wall, but these changes were not observed in vein in group B. Adhesion of blood
platelets in addition to endothelial cell membrane obstacle in artery was remarkable by
SEM examination and tear between arterial endothelial cells was found by TEM
examination in group C. The degree of adhesion of platelets was clearly remarkable in
artery compared with vein.

In conclusion, endothelial cell membrane injury, tear between endothelial cells and
endothelial detachment occur before adhesion of blood platelets and thrombus formation
in a blood vessel occlusion model by photochemical reaction. These changes occur
significantly earlier in artery than in vein.

Key words : arterial and venous thrombosis, endothelial cell, photochemical dye, electron
microscope, rat
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Fig. 1. The artery and vein were cut longitudinally in a major axis direction and opened, and then fixed by
vascular clips not to make folds by following maneuver.
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Fig. 2. Observations of the 1 min-illuminated segment of the endothelial surfaces of the cervical artery and
vein by scanning electron microscope (SEM) . Note the absence of luminal platelets or other blood ele-
ments and endothelial injury. (a) cervical artery. X 30 (b) cervical artery. X 1,100 {(c) cervical vein.

X 30 (d) cervical vein. X 1,000
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Table 1. Damage score of morphologic findings by SEM in arterial endothelium

decrease of endothelial tear between endothelial

microvilli membrane injury endothelial cells detachment
1 min (n=10) 0/10 0/10 0/10 0/10
5 min (n=10) 8/10 4/10 4/10 0/10
10min (n=14) 14/14 13/14 9/14 5/14

Table 1, 2 : In four items of SEM findings of arterial and venous endothelial surfaces;
(@ decrease of microvilli, @ endothellal membrane injury, @ tear between endothelial cells,
@ endothelial detachment. In each case the morphological changes were evaluated.

Table 2. Damage score of morphologic findings by SEM in venous endothelium

decrease of endothelial tear between endothelial

microvilli membrane injury endothelial cells detachment
1 min (n=10) 0/10 0/10 0/10 0/10
5 min (n=10) 0/10 0/10 0/10 0/10
10min (n=14) 10/14 5/14 3/14 2/14

Table 1, 2 . In four items of SEM findings of arterial and venous endothelial surfaces;
® decrease of microvilll, @ endothelial membrane injury, ®tear between endothelial cells,
@ endothelial detachment. In each case the morphological changes were evaluated.
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Fig.3(A). Observations of the 5 min-illuminated segment of the endothelial surfaces of the cervical artery by
SEM. The high frequency of plasmalemmal pits and decreased number of microvilli were demon-
strated. Note crater-like structures associated with endothelial junction. cervical artery (a) X 40
(b) X 1,000 (c) X 4,500 (d) X 15,000

o

Fig.3(B). Observations of the 5 min-illuminated segment of the endothelial surfaces of the cervical vein by
scanning electron microscope SEM. No definite morphological changes were found. cervical vein
{e) X 1,000 (f) X 4,500
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Fig. 4 (A). Observations of the 10 min-illuminated segment of the endothelial surfaces of the cervical artery
by scanning electron microscope SEM. Platelet aggregates adhering to the luminal surface of a cer-
vical artery. The degree of the adhesion of platelets was clearly stronger in artery than in vein. cer-
vical artery (a) X 30 (b) X 1,000 (c) X 4,000 (d) X 4,500

Fig. 4 (B). Observations of the 10 min-illuminated segment of the endothelial surfaces of the cervical vein by
scanning electron microscope SEM. Note the decreased number of microvilli. cervical vein (e) X
1,000 (f) X 4,000
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Fig. 5. Observations of the 10 min-illuminated segment of the endothelial sur-
face of the cervical artery by transmission electron microscope (TEM).
Tear between endothelial cells were demonstrated. cervical artery X
12,000
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