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Summary. Age-related ehanges of the anterior eerebral arteries of Wistar raus were studied 
by electron microseope. Medial smooth musele eells (SMC) in the young rats orten made 
membmnous eontaet. Myo-endothelial junction was also observed. In the 4-week-old arteries, 
development of eerebrM arteries was Mmost eomplete. In the 3-month-old arteries, necrotic 
ehanges of the SMC appeared in the media. In aging rats, medial SMC necrosis was eharac- 
teristically observed in the outer media. The outer surface of the $35C showed irregular shape 
and neerotie substanee derived from the SMC was increased with advaneing age. Increase 
of collagen fibers was seen only in the outer media and the adventitia. 

Age-related ehanges in the arterial walls of experimentM animals  have chiefly 
been observed electron microscopicMly in the aorta  (Karrer, 1960, 1961; Paule, 
1963; Stein et al., 1969; Cliff, 1970; Gerr i ty and  Cliff, 1972). Bu t  little is known 
regarding the age changes of eerebrM arteries in rats. 

I t  is the purpose of this paper to report  etectron microscopic findings of 
anterior  eerebrM arteries in  young and  aged rats. 

Material and Methods 

A total of 50 Wistar rats ranging in age from newborn to 20 months were used. They were 
red on ordinary diet (Oriental Kobo Ind. Co.). The animals were killed at adequate times and 
the stem of the anterior cerebral arteries were observed. At sacrifice, blood pressure of the rats 
was measured, under ether anesthesia, by direct manometric method in the abdominal aorta 
and the animals were perfused with 5 % buffered (pH 7.4) glutarMdehyde through the left 
ventricles. The brains were removed quickly and immersed in the same fixative. The stem 
of the anterior cerebrM arteries with optic chiasm were eut away. Then they were postfixed 
with 1% osmium tetroxide buffered with 0.2 )¢[ caeodylate (pH 7.4) at 4 ° C 2 hours. After 
dehydration with graded ethanol, all the tissues were embedded in Epon 812. All the sections 
were examined with JENI-7 type and JEM-7A type electron microseopes. 

Results 

Blood pressure was 100-130 m m  I-Ig in  the rats ranging in age from 4 weeks 
to 20 months.  

I n  the newborn  to 10-day-old arteries, endothelial  eells were arranged in a 
single layer and eontained relat ively numerous  eell organelles. Cytoplasmie fila- 
ments,  eaeh having a diameter  of about  50-100 Ä, mMnly at  the basal surIaee 
werë observed (Fig. 1). The eell proeesses sometimes extended through narrow 
fenestrat ions in the internM elastie lamina  (IEL) and  made eontaet  with the 
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medial smooth muscle eells (SMC) (Fig. l b). The media consisted of 1-3 layers 
of SMC. They  were embryonic  and resembled endothelial cells. The SMC con- 
tained a few myofi laments  with scattered fusiform densities. There was immature  
I E L  between the endothelial cells and the SMC. Intercellular spaces were narrow 
and the medial SMC made often membranous  contacts  (Fig. la) .  Mitosis was 
observed in the SMC. 

In  the 4-week-old arteries, endothelial cells were sometimes overlapping. Cyto- 
plasmic filaments were not  elearly visible. Under  the endothelial cells, most ly  
close contact  with rhein, there was a mature  I E L  (Fig. 2). The media consistcd 
mainly  of 5 layers of SMC and development  of the cerebral arteries were almost  
completed (Fig. 2). The intereellular spaces with few elastic and collagen fibers 
were nearly uniform in width. There was a basement  membrane  (BM) on the ex- 
ternal  side of the SMC (Fig. 2). The media did no t  contain any  nerve fibers, nor 
was seen the external elastic lamina between the media and the adventit ia.  There 
were small number  of fibroblasts, microfibrils, collagen fibers and unmyel inated  
nerve fibers in the adventi t ia.  

F rom about  3-month-old arteries on, focal cytoplasmic necrosis (coagulation 
or/änd liquefaction necrosis) came to be appeared in a small number  of the SMC 
in the outer  media. Bu t  most  of the SMC had a similar appearanee and outer sur- 
face of the cells showed smooth.  Cellular debris, which is described below, was 
present around the cells. 

I n  the 10 to 20-month-old arteries, changes of the SMC were conspicuous in 
the outer media. Most of the necrotic parts  in the SMC were limited by  a single 
membrane  (Fig. 3). Outer surfaee of the SMC was markedly  irregular and often 
showed bizarre form. Around the SMC, which were reduced in size, there were 
abnormal  substances such as dense granules, vesieles and dense homogeneous 
masses (Fig. 4). Accumulat ion of thick or fibrillary BM-like substance was also 
observed (Figs. 5 and 6). Granulo-vesicular profiles were always intermingled in 
this substanee (Figs. 5 and 6). These substances seen around the cells increased 
with advancing age. ~qecrosis, however, involving the whole cytoplasm of the 
SMC was rarely found. Edematous  cytoplasmic alteration with decreased myo-  
filaments was also seen in the SMC. There were no t  any  medial cells showed 
structural  characteristics of fibroblast-like S1V[C (modified SMC). The nucleo- 
plasm of the nuclei of the SMC generally tended to become lucent with age and 
space was orten observed around the nueleus. Increase of collagen fibers was only 
seen in the outer media and the adventit ia.  Neither any  marked changes in the 
endothelial cells no t  subendothelial  spaces were notieed in the stem of the cerebral 
arteries. Medial damage was also observed in the branching of the cerebral arteries 
in aging rats. Their subendothelial spaces were slightly distended with t3M-like 
substance and granulo-vesicular profiles. 

Fig. 1. a (rat at 3 days of age): Intercellular space is narrow and medial SMC (SM) show 
membranous contacts (-.~-). Internal elastic lamina (IEL) is immature. X16500. b (rat at 
9 days of age): Endothelial cells (E) make contacV with underlying SMC (SM) through 

fenestrations of the IEL. X 20 000 
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Fig. 1 a and b 



14 M. Kojimahara et al. 

In t imal  cells were observed only at  branching points (intimal pads) in young  
and aging rats. 

Discussion 

Medial SMC in the young rats made orten membranous  contact  (Fig. 1 a) and 
endothelial cells made also contact  with medial SMC (myo-endothelial  junction) 
(Fig. lb) .  A system of myo-endothelial  junctions was observed in the dog hear t  
(Moore and Ruska,  1957) and in terminal  arterioles and the pericapillary sphinc- 
ters (Rhodin, 1962, 1967). I n  the 4-week-old arteries, there were typical  SMC in 
the media having nearly uniform intercellular spaces, where elastic and collagen 
fibers were contained (Fig. 2). 

I n  aging rats, medial necrosis was characteristically observed in both stem 
and branches of the anterior cerebral arteries. The lesions were, in general, 
localized in the outer media. The abnormal  substance increased in the extracellular 
spaces with age were necrotic one derived from the medial SMC. In the substance 
were found the following ul t ras t ructural  forms : 1) Membrane bounded bodies with 
pleomorphic profiles. They  included vesicles, granules and vacuoles with varying 
densi ty (200-1500 Â_) (Figs. 4 and 5). These bodies were, in principle, limited by  
a single membrane.  Sometimes mul t imembrane  bounded bodies and myelin tig- 
ures were noticed. These profiles were seen also in the necrotic cytoplasm of the  
SMC (Fig. 3). I t  was light microscopieally (Altmann, 1955) and electron micro- 
scopically (Hruban et al., 1963 ; Ericsson et al., 1965 ; Takebayashi ,  1970) observed 
that  focal cytoplasmic necrosis occurred in the cells was generally segregated 
sooner or later by  membrane  to be disposed within it ; 2) Relat ively homogeneous 
masses with high or moderate  electron density. They  were fragments  of necrotic 
cytoplasm (Fig. 4); and 3) BM-like substance. The substance was either thick or 
fibrillary one. The substance frequent ly  showed a lamellar s t ructure (Fig. 6). I t  
was suggested tha t  the substance might  be SMC-derived necrotic residue, which 
was gradual ly  deposited as the result of repetit ive segregation of the cell surface 
of the SMC. 

Cellular debris observed in our materials was also seen in tunica media of 
aging ra t  aor ta  (Cliff, 1970) and of arterioles in experimental hypertension (Take- 
bayashi,  1970). Original BM in the atrophic SMC was orten seen (Takebayashi,  
1970) (Figs. 4 and 6). There was no cellular reaction to above-ment ioned necrotic 
substance (Cliff, 1970). Medial ealcification of the cerebral arteries (Wilens and 
Spronl, 1938) was not  seen in out  materials. 

Fig. 2. (Rat at 4 wccks of age). The internal elastic lamina (IEL) is in close contact with the 
endothelial cells (E). There are SMC (SM) in the media having nearly uniform intercellular 
space. Basement membrane and elastic fibers are seen around the SMC. Ad adventitia. × 7200 

Fig. 3. Focal cytoplasmic necrosis of a SMC (SM) (rat at 18 months of age). There are mem- 
brane bounded bodies such as vesicles, granules and vacuoles in the necrotic cytoplasm. 
Relatively homogeneous masses and myelin figures are also observed in the cytoplasrn. 
Around the SMC, basement membrane-like substance intermingled with small granulo- 
vesicular profiles is noticed. Newly formed membrane ('~') is seen between the cytoplasm 
and the necrotic part of a SMC. Ad adventitia with collagen fibers and fibroblasts. × 8800 
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Figs. 2 and 3 
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Figs. 4- -6  
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Gerr i t iy  and Cliff (1972) reported diffuse in t imal  th ickening with  grannlo- 

fibrillar mater ia l  and cellular component  in aging ra t  aorta.  I n  our materiMs, the 

s tem of cerebral arteries showed only SMC-damage in outer  media  wi thou t  any 
in t imal  al terat ion.  Subendothel ial  spaces of the branches,  however,  were sl ightly 

dis tended with  BM-like substance and granulo-vesicular  profiles. I n t ima l  cells 

were observed only at  branching points (intimal pads). The cellular component  of 

the pads was SMC (authors '  observation).  Major i ty  of the collagen fibers which 

increased in aging rats  in the outer  media  would be der ived f rom the advent i t i a  

(Aikawa and Koletsky,  1970). 

The authors are grateful to Mr. T. Fukushima and Dr. S. Ookawara for photomicrograph. 
Dr. M. Xojimahara's present address: Pathologisches Institut der Universiti~t Düsseldorf 
(Direktor: Prof. Dr. tl.  Meessen). 
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membrane-like substance and dense masses are noticed around the cells. Original basement 
membrane (+,~) is seen on the external side of cell debris (rat at 18 months of age). Ad 
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Fig. 5. Thick basement membranedike substance deposited in the extracellular space. Cluster 
of pinocytotic vesicle-like profile is intermingled with the substance (rat at 16 months of age). 

PV pinocytotic vesicles in a SMC (SM); Ad adventitia. × 27000 

Fig. 6. Cytoplasmic necrotic lesion in a SMC (SM) is replaced by basement membrane-like 
fibrillary substance which shows lamellar fashion. Cluster of dense granules is noticed in it 
(rat at 20 months of age)..+I' Original basement membrane of a SMC; Ad adventitia. × 10300 
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