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Fig.1. A scanning electron micrograph of the normal arterial endothelium. The endothelial cells
are regularly aligned to the blood stream. X750.
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Fig.2. A scanning electron micrograph of the initial change of the endothelium one day after
constriction. Dissociation (arrow) and desquamation of endothelial cells (E) can be seen. X 1,500,

Fig.3. A scannning electron micrograph showing adhesionof platelets, erythrocytes and leukocytes
on the denuded intimal surface. One day after constriction. X750.
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Fig.4. Adhesion of platelets on the denuded intimal surface. IEL : internal elastic lamina. One day
after constriction. x9,800.

Fig.5. A scanning electron micrograph of regeneration of the endothelium 3 days after constriction.
Regenerating endothelial cells can be seen as polygonal cells with irregular arrangement around
the endothelial defect (arrows). X750.
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Fig.6. A scanning electron micrograph showing complete re - endothelialization one week after
constriction. Note variety of the regenerated endothelial cells in size and shape. X750.
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Fig.7. Regenerated endothelial cells showing increased number of Weibel - Palade granules (large
arrows) and intracytoplasmic microfilaments (small arrows). One week after constriction.
X 13,000.

< B i A S s : i 4 b e,
Fig. 8. Regenerated endothelium 1 week after constriction. Endothelial cells are tightly packed

with two cell thick. %5,100.
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Fig.9. A endothelial cell situated in the sub-
endothelial space, indicating the drop off from
the lower layer of the regenerated endothelial
cells. x5,000.
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Fig..10. Nucleoside phosphorylase reaction in the
fibrous plaque. The enzyme activity is demon-
strated in the endothelial cells as well as in a
intimal cells showing that the intimal cell derives
from the endothelial cell. X5,000.
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Fig.11. An electron micrograph showing subendothelial edema which is observed béneath the
regenerated endothelial cells. One week after constriction. x7,800.

e

Fig.12. Fibrous intimal thickening composed of smooth muscle cells, collagen and elastic fibers.
Four weeks after constriction. Xx3,400.
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Fig.13. Gross picture of the luminal surface of the carotid artery dissected immediately after Evans
blue injection into the vein in order to check the permeability of the intima on the 3rd day after
constriction. Dark stain positive for Evans blue can be seen diffusely at the margins of the cuff
(black bar) where the endothelial defect and intimal edema are found.

Fig.14. Luminal aspect of the carotid artery after Evans blue injection on the 7th day after the cuff.
Dark stain is still observed adjacent to the distal and proximal margins of the constriction (black

bar) in which reendothelialization is completed.
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Table 1. Summary of the pathologic findings of the intima in the successive stages of the present

experiment at the different areas

1d 3d 7d 2w 4w

Platelet adhesion + + — — -

Permeability H# + + — —

Des;qrueaamated Blood cells + + + — -
Smooth muscle cells — + H H+ H+

Regenerated endothelium - + H* — —

Platelet adhesion — — — — -

Marginal area Permeability + + — — —
of desquamation Blood cells N n _ _ B
Smooth mucle cells — + + — -

abbreviations: d, day(s)
w, weeks
—, absent or normal
+, present or increased

+, abundantly present or markedly increased

b,

WEMIROBEA REEOK S &L, myx, mk
DHERIC L > TREEEINE, X, NEREICL > TR
LEEHMEOEEORE L TOERSR, F
B O BTESE L B CIRNEOBLNENR S
EHHE SN TV R KRB L TIZNEDH
i anio/ NG RRE L, WEOBEEZEPCH» I
EITLH 7T HTHEORBIEIEENE TR EEE
EX YA
P RZ M 00 B2 R D U T S A R e e I o
B s O L2 HEE T 5 A3 B3, % DRI &
> TRFREMEOE XS & > THRERELE SR
A 2 EDFERH S AL T 92020 KHYEIZ BT H A
A SR DB o SRR IS BT S % 2 L s &
M, BERSP, ISR O E IS T 2
LARTIEMUZERD S v o T,

AWPSECEREE & - THARN KO B Ik -
FTHREINLFRE BT 27, 20O ERFHME
U THIREE B oo e n, AR By, MO E D B,
WA A, 2 80 Ry, ¥R B A % O Weibel -
Palade BIRLOMIIN, ~ 4 727 1 7 4> F OFER, K
EROBK T4 C 2572 2 LT &%, Weibel -
Palade #RL OB F AN MBI B 2 EH T~ %
ZLD—2TH %, Daoud 53K U Trillo 5™t 3 L
AT 0= B EE B O K EIRPY B Weibel -
Palade BRI AMENIL T3 2 e 2 WEL T3, 20
MROBAEEIC DO TS Tl s, BEVIEF
DERICBEFEN S 2 b D LHEE ST L33,

BAENEOBERELBRENELILEREOLETH S,
Evans 7'V — DB RN EEN & > TR IO E 4 1R
EBRENTIEL Twa 2 e ABIcRa T, |
FR2 1 Christensen 5%, Jgrgensen 532 & - T
LIE SN T2, KEERD 3 AE T Evans 71 —0
FVEBHEHENE L S BN K> TS
BESHSBEIA DLV AIZE > T—BEICAEDER
UNTHELIAERTH 2 EEZ SN2,

ME PR 517 % P O E I REEH 2
D/Nd %4 % transcytosis & MR O@EIC & 2
LD EEZ SN TWA393 Gabbiani & IXEMMET v
MIBLTARMIIRO~1 70745 4> FOENE
MR OE B E L WEBICHET 2 2 - 2 BEL
LI DT 4T A NET 7 FUMEERTVE I L
ST SN T2 DT, Gabbiani &1t Fik
DS S NI OWEEC £ - TEBRMSTIET 2
LD LRI 7o, AWFERIC BT b FAE RN K I3
FEERL, FREEZLIELIEZ 1 59X bOEERY
BRI NN MO IESNE OB c#S5 T 5 2
MR R NS,

II. RROEE L AEIEE

LN DA & 3 P R R AR T
Winu, 7 HEBICEEARNE O TS O PRIEIRE
N0 RF A

P LCSEAE S 5 IR O RE T I MR T H 3 2
L3 S OWFRIT & - TIRE LD S TL 2 D1ado,
AW 50T b PRI P IBHEE o = B e
B TH 2D 2 AT S N, PBKIE DGR 98



886 4t

GRS D & WSRO B R SHBICBEAT S
BHED 5B DT, WEIHINT 3 FEfHHEEo—
R o HE L R Bbhs, LaL,
PSS 2 kS H-F 3 P v OBIA A DB
TR FEINFE S T30 T, FIRHHE
BRIATTHRSZE G L > THET 3 Z LS »TH
3,

PRI BT 2 MR ER 2 B R R O03
SRR SL I PR R s b T B T REME AT ER S
Twb, FHETCRAREECVHCEERORELIR
Do, OIS, XIFREEIC TR
BT BEFHLEEED S e b o 72, BANEME
HEEZ 2BIREDNE-Tw3DT, 2O TEOHES
MBI E S AL TREES 55, FPFRCBVRTHLED
Lo TROBANEMESNBECET T 26580
SR, RZVFVRTZ AT+ T —VEROEET
Y NEERSABECRET 2 2 L ERe .
BB L - RO EEIZ DLW TR TETH B 28,
Wi~ Yy 7 A0—EREET I LEESATY
3, UL, RECHEL -NEEREOHR R W
s, NERECAKE 2BEERLTWinI LR
BH& L TH 3.

FEHHEOEERFCEL TEEEN2D1E Ross
R UBEREEIC L - TRES WzI/MMR» SR 2
NAEHETFTH 2, VIR B O BT L M/MTHE
BRBEGEE TS Z Lk, REEEIRMREEP LS
DI/IMREC LEBIL TR T 3 Z & RRERTEEHHE
ORI/ MEDEET CRESNZ ZLIZE > TR
Anfoee = ORI I MEO RIS E D
SFE 13,000~16,000 DIRHEMES & L THEE 1,
EER BV TEEHERCRESTMRD DNA &5
BRET S I EBESHICEN TS, 215 DK
» 5, NEMROKEEC X > TIVMESESL, 22
DO S h 2 HER T & o TR O HEEH
FRINNEEENHETE LD LBBFE ALY, L
L, —7 Tl EBABIIRE(LREIC B W TH IR OH
B M/MROBEENRED SN LIRES T, WEIEE
DFEN U TMITERBD A b L ASH0 A fENs2~59
PERT2REBND 5,

AR T i AR 12 5537 - T A B D B & [/ MR
OEEIRD sy, FOHMIZEL, WEOKXKE
BEPPCEEARTHE SN 2 ERE S,
EEDEBRRIINEORBI/NE WD, MAMRORE
H R 5 I RE Y TR RV, IR ETE
/MRS ORI & D R OBAE ORFICIE E-
22k, BIURBEREEZAEOEEARIC—HLT
RELUZ L » s, B L TR MROEEE

it

ZOHDED, WEOHEE - BENEOEBME -
CEBNEGEESFELHFELTHOTWE L5z
Bbhs, WEOBAREL VBN S —ak
DOWEKENR S 208, FIRmiiE ORIz L A
CROONTHEEREIREL o7, ThidnE
BENBETHL:HTHD LBEREN S, Hauden
schild 523 FEHMROEBEIIBEEANE THE L,
L&D, AEORBECEOES 2 L 2HEL, X,
Stemerman 52 IAEREIIAEBZSCEE T2
BIESIET S Z LRl T w3, AMEOER;
INSDREE - LEWnR, ZOHRRIREDKE
DOERECLZLDEEZOND, AEORIBAKRE]
M MEEES 0378 < B2 B\E I, MM & BT 2
EHRERAFREEGMEONE2ERT 2 EERET,
LT Zei3+abniazetBbhns, Lk,
FEBO L) CHEDOREMNNE L, M/IMROESH
DR GIgEcX, REKED XS #floFRRICL-T
b RO BREIE 2 TREE N H 2 b D L 1
na,

# E

v FREEIR R IR E THRAREL, Sak
BT E L3 AEOREEIEE L AEORLOE
REBRAICEREL .

itk 1 B CHERICER L THEOHIEE & /MR
DEBEVED, WEOKIBIZKNTHTCBERNEIZ -
TELHE SN, TOMIz—L THBEDOHLELR
BEuREL:, NEOEERBENEHIROEIE X
> TiThbh, MEEERC TR & 2 AEOWHE
BERD ST,

PUBE DARHE MR R I3 R D & O IR ARG & %
SELSNLMEMYE CHBRI LY, BEREL
SHUHON KM HNEARE T 2 2 L@EBES T,

IR OMWIE I AN OF A L I ETT A 2L
HEEs N, BENRICEBEOTENIEHE N,
Lo, WEOREHIEEOREZMBBAITL LA
BERE - EE2BERSD 5 Z ENRB L.

El i

I MR B b D & UL BRI SR —ER B0

OEERLET, &7, FEERTCELCHBE, #@Hh%

BE e LBERRMEBTEMBAERMBOS 2 ZEH
HELLEFET,

X [

1) Stemerman, M. B. & Ross, R. : Experimental
arteriosclerosis. I. Fibrous plaque formation in




BOVRAELIE 12 35 10 B AR D WIHIZE L — BEEAIRR 52 887

primates. An electron microscopic study. J. Exp.
Med., 136, 769 - 789 (1972).

2) Haudenschild, C. C. & Schwartz, S. M.:
Endothelial regeneration. II. Restitution of endo-
thelial continuity. Lab. Invest., 41, 407 - 418 (1979).
3) Stehbens, W. E.: Haemodynamic production
of lipid deposition, intimal tears, mural dissection
and thrombosis in the blood vessel wall. Proc. R.
Soc. Lond. [Biol] , 185, 357 - 373 (1974).

4) Fishman, J. A., Ryan, G. B. & Karnovsky,
M. J.: Endothelial regeneration in the rat carotid
artery and the significance of endothelial denuda-
tion in the pathogenesis of myointimal thickening.
Lab. Invest., 32, 339 - 351 (1975).

5) Ross, R. & Harker, L.: Hyperlipidemia and
atherosclerosis. Chronic hyperlipidemia initiates
and maintains lesions by endothelial cell desqua-
mation and lipid accumulation. Science, 193, 1094 -
1100 (1976).

6) Alonso, D. R., Starek, P. K. & Minick, C. R. :
Studies on the pathogenesis of athero - arterio-
sclerosis induced in rabbit cardiac allografts by the
synergy of graft rejection and hypercholesterole-
mia. Am. J. Pathol., 87, 415 - 442 (1977).

T) KIREXF-E@FT  HBABE= . BIRELOR
£ LB A—, BIREE®L, 1, 3-13 (1973).

8) Ross, R. & Glomset, J. A.: The pathogenesis
of atherosclerosis, N. Eng. J. Med., 295, 420 - 425
(1976).

9) Thorgeirsson, G. & Robertson, A. L.: The
vascular endothelium — Pathologic significance.
Am. J. Pathol., 93, 803 - 848 (1978).

10) Benditt, E. P. & Gown, A. M.: Atheroma.
The artery wall and the environment. Internatl.
Rev. Exp. Path., 21, 56 - 118 (1980).

11} Ross, R., Glomset, J. & Harker, L.: Res-
ponse to injury and atherogenesis. Am. J. Pathol.,
86, 675 - 684 (1977).

12) Reidy, M. A. & Schwartz, S. M. : Endothelial
regeneration. lll. Time course of intimal changes
after small defined injury to rat aortic endothelium.
Lab. Invest., 44, 301 - 308 (1981).

13) Eitel, W., Schmid, G., Schiote, W. & Betz,
E.: Early arteriosclerotic change of the carotid
artery wall induced by electrostimulation. A study
by scanning and transmission electron microscopy.
Path. Res. Pract., 170, 211 - 229 (1980).

14) BREE: vV ¥OEBRWBIRE(EICBIT 2N
% O BB R, +2EREE, 85, 154-173
(1976).

15) Kajikawa, K., Yamaguchi, T., Katsuda, S. &
Miwa, A.: An improved electron stain for elastic
fibers using tannic acid. J. Electron Microsc., 24, 287
- 289 (1975).

16) Luft, J. H.: Ruthenium red and violet. I.
Chemistry, purification, methods of use for electron
microscopy and mechanism of action. Anat. Rec.,
171, 347 - 368 (1971).

17) Borgers, M., Schaper, J. & Schaper, W.:
Nucleoside phosphorylase activity in blood vessels
and formed elements of the blood of the dog. J.
Histochem. Cytochem., 20, 1041 - 1048 (1972).

18) Still, W. J. S.: The effect of chronic hy-
pertension on the aortic intima of the rat. Exp. Mol.
Pathol., 31, 1 -9 (1979).

19) Harker, L. A., Ross, R., Slichter, S. J. &
Scott, C. R.: Homocystine - induced arteriosclero-
sis. The role of endothelial cell injury and platelet
response in its genesis. J. Clin. Invest., 58, 731 - 741
(1976).

20) Reidy, M. A. & Bowyer, D. E.: Scanning
electron microscopy morphology of aortic endothe-
lium following injury by endotoxin and during
subsequent repair. Atherosclerosis, 26, 319 - 328
(1977).

21) Schwartz, S. M., Stemerman, M. B. &
Benditt, E. P.: The aortic intima. II. Repair of the
aortic lining after mechanical denudation. Am. J.
Pathol., 81, 15 - 42 (1975).

22) Spaet, T. H., Stemerman, M. B. & Lejniek,
I.: The role of smooth muscle cells in repopulation
of rabbit aortic endothelium, following balloon
injury. Fed. Proc., 32, 219Abs. (1973).

23) Baumgartiner, J. R. & Spaet, H. T.: Endo-
thelial replacement in rabbit arteries. Fed. Proc., 29,
710Abs. (1970).

24) Stemerman, M. B., Spaet, T. H., Pitlick, J.,
Cintron, J., Lejnieks, 1. & Tiell, M. L.: Intimal
healing. The pattern of reendothelialization and
intimal thickening. Am. J. Pathol., 87, 125- 142
(1977).

25) Ausprunk, D. H. & Folkman, J.: Migration
and proliferation of endothelial cells in preformed
and newly formed blood vessels during tumor



888 it

angiogenesis. Microvasc. Res., 14, 53 - 65 (1977).
26) Harker, L. A., Ross, R. & Glomset, J.:
Atherogenesis. Endothelial injury and platelet -
mediated intimal smooth muscle cell proliferation,
p89-102. In G. deGaenato & S. Garattini (ed)),
Platelet : A multidisciplinary approach, Raven
Press, New York, 1978.

27) Webster, W. S., Bishop, S. P. & Geer, J. C.:
Experimental aortic intimal plaques. Am. J.
Pathol., 70, 37Abs. (1973).

28) Gabbiani, G., Elemer, G., Guelpa, Ch,,
Vallotton, M. B., Badonnel, M. C. & Huttner, I.:
Morphologic and functional changes of the aortic
intima during experimental hypertension. Am. J.
Pathol., 96, 399 - 422 (1979).

29) Todd, M. E. & Friedman, S. M.: The ultra-
structure of peripheral arteries during the develop-
ment of DOCA hypertension in the rat. Z. Zell-
forsch., 128, 538 - 554 (1972).

30) Daoud, A. S., Jones, R. & Scott, R. F.:
Dietary induced atherosclerosis in miniature swine.
11. Electron microscopy observations: Characteris-
tics of endothelial and smooth muscle cells in the
proliferative lesion and elsewhere in the aorta. Exp.
Mol. Pathol,, 8, 263 - 301 (1968).

31) Trillo, A. A. & Prichard R. W.: Early
endothelial changes in experimental primate
atherosclerosis. Lab. Invest., 41, 294 - 302 (1979).
32) Christensen, B. C., Chemnitz, J., Tkocz, L. &
Kim, C. M. : Repair in arterial tissue.l. Endothelial
regrowth, subendothelial tissue changes and
permeability in the healing rabbit thoracic aorta.
Acta Pathol. Microbiol. Scand. A., 87, 265-273
(1979).

33) J¢rgensen, L., Packham, M. A., Rowsell, H.
C. & Mustard, J. F.: Deposition of formed
elements of blood on the intima and signs of intimal
injury in the aorta of rabbit, pig. and man. Lab.
Invest., 27, 341 - 350 (1972).

34) Fry, D. L.: Responses of the arterial wall to
certain physical factors, p93 - 125. In Atherogene-
sis: Initiating factors, Ciba symposium No. 22,
Amsterdam, North Holland, 1973.

35) Stein, 0. & Stein, Y.: An electron micro-
scopic study of the transport of peroxidases in the
endothelium of mouse aorta. Z. Zellforsch., 133, 211
- 222 (1972).

ol

36) Schwartz, S. M. & Benditt, E. P.: Studies on
aortic intima. I. Structure and permeabillity of rat
thoracic intima. Am. J. Pathol,, 66, 241 - 255 (1972),
37) Hiittner, 1., Boutet, M. & More, R. H.:
Studies on protein passage through arterial endo-
thelium. I. Structural correlates of permeability in
rat arterial endothelium. Lab. Invest., 28, 672 - 677
(1973).

38) Yohro, Y. & Burnstock, G.: Filament
bundles and contractility of endothelial cells in
coronary arteries. Z. Zellforsch., 138, 85 - 95 (1973),
39) Haudenschild, C. C., Cotran, R. 8., Gimb-
rone, M. A. Jr. & Folkman, J.: Fine structure of
vascular endothelium in culture. J. Ultrastruct.
Res., 50, 22 - 32 (1975).

40) Suzuki, M., Fukuuchi, Y., Shimazu, K., Kim,
H. S. & Meyer, J. S.: Cerebral atherosclerosis in
the dog. II. Cerebral circulation. Arch. Path,, 96, 14
- 17 (1973).

41) Hassler, O.: Cell renewal in aortic necrosis
following orthostatic collapse: An experimental
autoradiographic study in the rabbit using H-
thymidine. Virchows Arch. A Path. Anat. Histol,
358, 295 - 299 (1973).

42) Fernadez, D. & Crane, W. A. J.: New cell
formation in rats with accelerated hypertension due
to partial aortic constriction. J. Path., 100, 307 - 316
(1970).

43) Imai, H., Lee, K. J., Lee, 8. K., Lee, K. T., O’
Neal, R. M. & Thomas, W. A.: Ultrastructural
features of aortic cells in mitosis in control
cholesterol - fed swine. Lab. Invest., 23, 401 -415
(1970).

44) Still, W. J. S.: The early effect of hyperten-
sion on the aortic intima of the rat. Am. J. Pathol,
51, 721 - 734 (1967).

45)  ZEKIEEA - MR EIS I N R IRE T
B 2 THMEORE— 2O RIF & NERBOZEL:
OBEfR. BREFE, 15, 277 - 292 (1975).

46) Suzuki, K., Hori, S. & Ooneda, G.: Deriva-
tion of intimal cells appearing in spontaneous
healing process of hypertensive arterial lesions.
Exp. Mol. Pathol., 23, 402 - 416 (1975).

47y Ross, R., Glomset, J. A., Kariya, B. &
Harker, L.: A platelet - dependent serum factor
that stimulates the proliferation of arterial smooth
muscle cells in vitro. Proc. Natl. Acad. Sci. USA.




EOARIE(LAE (= 381 5 WIEAEE OHIHZE L — BEHHTE : 889

71, 1207 - 1210 (1974).

48) Davis, P. F. & Ross, R.: Mediation of
pinocytosis in cultured arterial smooth muscle and
endothelial cells by platelet derived growth factor.
J. Cell Biol.,, 9, 663 - 671 (1978).

49) Ross, R.: Endothelial integrity, cell prolifera-
tion, and atherosclerosis, p51 - 60. In R. M. Laner &
R. B. Shekelle (ed.), Childhood prevention of
atherosclerosis and hypertension, Raven Press,
New York, 1980.

50) Antoniades, H. N., Scher, C. D. & Stiles, C.
D.: Purification of the human platelet - derived
growth factor. Proc. Natl. Acad. Sci. USA, 76, 1809

51) Stehberns, W. E. & Ludatscher, R. M.:
Ultrastructure of the renal arterial bifurcation of
rabbits. Exp. Mol. Path., 18, 50 - 67 (1973).

52) HEED: BRE(CORE—FREL—.
Geriatric Medicine, 13, 213 - 219 (1973).

53) Daoud, A, S., Fritz, K. E., Jarmolych, J. &
Augustyn, J. M.: Use of aortic medial explants in
the study of arteriosclerosis. Exp. Mol. Pathol,, 18,
177 - 189 (1973).

54) BESHEM: BMRAEMEROERTIEHO
— RV & B 347 & cyclic AMP phosphodiesterase
inhibitors iZ & 2 % O#MPE. BHARE(L, 1, 215-231
(1974).

- 1813 (1979).

An Electron Microscopic Study on the Early Change of Intimal Thickening in Arteriosclerosis
Tokuji Kitamura, Department of Pathology (I) (Director: Prof. K. Kajikawa), School of Medi-
cine, Kanazawa University, Kanazawa, 920 — J. Juzen Med. Soc., 91, 876—889 (1982)

Key words: Fibrous intimal thickening, Regenerating endothelium.

Abstract

Electron microscopic studies were made of the interaction of endothelial changes to the
formation of intimal fibrous plaques induced by constricting the common carotid artery of
rabbits with a silver cuff. One day after constriction the endothelial cells were detached from the
arterial surface in the margins of cuffing and platelets accumulated in the denuded areas. Within
7 days re-endothelialization was accomplished by proliferation of endothelial cells from the
surrounding endothelium. Just beneath the regenerated endothelium the intimal plaque was
produced by proliferation of arterial smooth muscle cells from the media in association with
formation of new extra cellular matrix, including collagen, elastin and proteoglycans. Although
some of endothelial cells were found to migrate into the intima, there was no evidence that these
cells were involved in the fibrous plaque formation, It was suggested that increased permeability
in the regenerating endothelium promoted migration and proliferation of medial smooth muscle
cells.



