Sequential Morphological Changes of Endothelial
Lesions after Temporary Arterial Clipping -Fine
Structure of Regenerating Endothelial Cells-
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Fig.1. The occlusive pressure at each distance

from heel to top of the clip.

The pressure that was able to open the clip 1 mm
at the measuring point was used to define the
occlusive pressure.
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Fig.2. Control specimens.
A Scanning electron micrograph (SEM) of the endothelial surface shows marginal
fold (arrows), and nuclear nuclear protrusions (arrow head). The endothelial cells
are oriented parallel to the long axis of the artery. x1,150.

B: Higher magnification of the endothelial cells. A large number of micropores is
observed at the surface of the endothelial cells. Arrows indicate marginal fold.
SEM. X11,500.
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Fig.3. Immediately after temporary clipping.
A: Very low magnification micrograph of the luminal surface. Endothelial cell
desquamation area (large arrow) displays the site of the clip. SEM X 140.
B: Higher magnification view of Fig.3-A. Exposed subendothelial tissue is

covered with platelets. SEM Xx1,150.

C: Transmission electron micrograph of the clipping site shows an adhesion of a
few layers of platelets (P) on the exposed subendothelium and a degeneration of

medial smooth muscle cells. x10,800.
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Fig.4. Three days after temporary clipping.
A : Very low magnification micrograph of the luminal surface shows a transverse denuded
lesion at the clipping site yet. SEM X140.
B: Enlargement of rectangle in Fig.4-A. At the margin of the denuded area, the
endothelial cells, polygonal in shape and prominent nuclear protrusions, are seen. Note a
large number of microvillous projections on the surface and discontinuations (arrows) at
the margins between the cells. SEM Xx1,150.
C: Higher magnification of the central part of the cell shown in Fig. 4-B. Numerous
microvillous projections are seen, but micropores are not observed. SEM X 11,500.
D: Transmission electron micrograph of the regenerating cell at the margin of the
denuded area. The cell has microvillous projections at the luminal surface, and contains
well developed rough endoplasmic reticula and many free ribosomes, but few pinocytotic
vesicles. X 10,800.
E: At the margin of the clipping site, many modified smooth muscle cells (MSM) are
observed in the media. RE, regenerating endothelial cell. TEM x4,500.




—EFEIEIIR 2 U v B2 S OMERBIC B LT T RS 1227




1228

V. 7Y wE v ZBRRES B

1. #EEHER

PR A S B i W 4 s D B 43 % T L TR & 0 AR
BcEEEI N Tw 5 (B 5-A). EEOER % H 5 #kg
BEREICHHD MVP 2#5, ZOMREDO—EILHE
H U 7R TR b & & R PR < T, @t
HoEEmao zhtEE&LTw2 (K5-B), BT
M ORES R TEL T, $ROBEEBH SN,
MVP ZAIfEO iRz WA B 2 23, 13 IFHIAE
SEITHHLT VS,

2. EREHERK
BEMERTmCIISEOMVP 2R D 3 (K5C
). AP ) R Y — 4, HE/INERSEE TH

%. pinocytotic vesicle i34y, Weibel-Palade /s
RE T AR EZ RS LA SIS, BHET A1
K92 intermediate junction & L < & tight junction
TREL T2, FEradHLTwb0Ls
%, E T3 modified smooth muscle cell DHEAE %
BB,

V. 20 wECYIRERBETR

1. EEBEHEG

BSERA TP EMIIC L D ERBEI N TS,
EEMmI I PRI AR L R R B L, ME RN
BuBBRERIEL EYL Ty a, MRz
BB HHEO MVP s s (K6-A), Friolilgons)
ZEIAO® 5ERNCH Y, MR 3 S H%E -

Fig.5. Five days after temporary clipping.

A: Very low magnification micrograph of the luminal surface. Much of the denuded
area is covered with the regenerating cells continuously. SEM x140.

B: Enlargement of rectangle in Fig.5-A. The regenerating cells at the advancing edge
have numerous microvillous projections on the surface. The cytoplasm of these cells
extend longitudinally as a long process on the subendothelium and contact with opposite
cells. Between adjacent cells, many cleavages (arrow) are seen. SEM X1,150.

C: Higher magnified transmission’électron micrograph of the regenerating cell. Many

microvillous projections are seen at the luminal surface.

X27,000.
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Fig.6. Seven days after temporary clipping.
A The denuded area is completely covered with the regenerating cells. Microvillous projections

and marginal folds are evident.
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SEM X 3,450.
B: The regenerating cell contains many Weibel-Palade bodies and pinocytotic vesicles.

WHROHAEL CBFIL, BIFEERERL Tna
(4 7-A) ., HifgRE I E VDO MVP A LN 50, %
<12 0.2um UTOFEMRO LD TH B,

2. EEEEBK

futk, L RETEY (B7-B). MVP BiZLA
a5 470, pinocytotic vesicle AT ERE I3
HAW TF1E L, %3 Weibel-Palade /IMEM A S 3,
TEEY K — L, HEVMERE, TEEPN B &
BBV, 7THEOMEE RS L 2EITEY LT
VA, HFEEEE T MR BN T B, B
B3 umUOBEONE THEHEBOILE S H 2, h
f812 43 & 72 modified smooth muscle cell 3% 5k
5.

7 ) v € B 30 Hicld, PRE, hlgEtic ey
FMRE=E7 5.

TEM X

C: Between the regenerating cells, junctional complex and marginal fold (arrow) are seen.

TEM x9,000.
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Fig.7. Fourteen days after temporary clipping.

A : Low magnified scanning electron micrograph of the luminal surface.
parallel to the long axis of the artery. Microvillous projections are short and sparse.
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B: The cell is slender, and contains many pinocytotic vesicles and Weibel-Palade bodies.
Microvillous projections are not observed. TEM X10,800.
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Abstract

Sequential morphological changes of the endothelial cells after temporary arterial clipping
were studied by scanning and transmission electron microscopy. A Heifetz clip with an occlusive
force of 120 grams was used to occlude the carotid artery of Wistar rat for 30 minutes. Animals
were sacrificed at the following intervals after the operation: 0, 1, 3, 6, 24 hours and 3, 5, 7, 14,
30 days. Immediately after removal of the clip, arterial segments compressed by the clip revealed
severe endothelial desquamations and adhesions of a few layers of platelets on the exposed
subendothelium. Three days after the clipping, the repair of the endothelium was developed by
replication of the adjacent undamaged endothelial cells. The endothelial covering was
accomplished at the end of one 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 ! gm in length. These immature endothelial cells contained
well-developed rough endoplasmic reticura and many free ribosomes but few Weibel- Palade
bodies. The number of pinocytotic vesicles was also reduced as compared to normal endo-
thelium. However, with maturity of the endothelial cells, pinocytotic vesicles and Weibel- Palade
bodies increased whereas the microvillous projections decreased. Within 14 days, the
microvillous projections disappeared and the endothelial cells appeared to be normal. It is
concluded from the present data that temporary arterial clipping causes endothelial damages
without resultant thrombus and atherosclerotic lesions, which might be almost repaired within 14
days after the operation.




