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Summary.  Rats made hypertensive by bilaterally constricting their renal arteries were 
intermittently given antihypertensive drugs to cause their blood pressure to fluctuate; the 
intima of their mesenteric arteries was then investigated electron microscopically. The intimal 
fibrinoid degeneration showed a much weaker tendency to heal than that of the previously 
reported rats treated continuously with autihypertensive drugs (Kojimahara st al., 1971), and 
the arteries showed marked dysoria associated with endothelial injury and thrombus formation. 
Endothelial cells that had migrated from the endothelium into the subendothelial space 
became intimal cell, which after proliferation by mitosis, formed myofilaments in their cyto- 
plasm, turning into fibroblast-like smooth muscle cells (modified smooth muscle cells) in the 
intima. Thus some of the smooth muscle cells that proliferated in the intima and took part 
in the organization of the intimal fibrinoid substance were considered to be derived from endo- 
thelial cells. 

When  blood pressure in hypertensive rats was lowered by  the cont inuous ad- 
minis t ra t ion of ant ihyper tensive  drugs, f ibrinoid substance,  deposited in the in t ima  
was absorbed by in t imal  fibroblast-like smooth muscle cells and  replaced by  ce]lulo- 
fibrous tissue as previously reported (Koj imahara  et al., 1971). When,  however, 
the blood pressure was f luctuated by the discontinuous adminis t ra t ion  of the 
drugs, the in t imal  fibrinoid degeneration showed less tendency  of healing, and  
there were bleeding and ulcerat ion in the int ima,  and  marked thrombus  forma- 
tion, tha t  is to say, the findings of severe dysoria (Schfirmann and MaeMahon, 
1933; Koj imahara ,  1967). 

The object of this paper  is to describe electron microscopic findings in the 
in t ima with marked dysoria and  to discuss the derivat ion of in t imal  smooth 
muscle cells, seen in such int ima.  

Material and Methods 

The methods were the same as described in the previous report (Kojimahara et al., 1971) 
except that the antihypertensive drugs were given every other week in the present study. 
After maeroscopically confirming the formation of nodular lesions in the mesenteric arteries 
of hypertensive rats at 2-8 weeks after the constriction of the bilateral renal arteries, the 
drugs were given for the 1st and 3rd weeks, and tap water without the drugs was given 
for the 2rid and 4th weeks. The animals were killed at 4 weeks after the start of the drug 
administration. Hypertensive rats, subjected to electron microscopy numbered 15. 
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Fig. 1. Mesenteric artery of a hypertensive rat (4 weeks discontinuous administration from 
7 weeks after the constriction). In the subendothelial space, are seen fine granular blood 
plasma proteins (BP) and fibrinoid substance (F) with various stripe patterns. Myofilamentous 
structure (MF) is noticed near the junction of endothelial ceils (E). PN polymorphonuclear 

leucocyte; IC intimal cells; L lumen. × 5 600 

Results 

Heal ing  tendencies  of the  in t ima l  f ibr inoid  degenera t ion  of the  animals  in the  
present  s t u d y  were ve ry  much  weaker  t h a n  in ra ts  which were cont inuous ly  
given an t ihype r t ens ive  drugs in the  previous  s tudy  (Ko j imaha ra  et al,  1971 ). There  
were thus  m a n y  fresh hyper tens ive  ar te r ia l  lesions (Fig. 1), and  endothe] ia l  inj uries 
were p rominen t  in the  segments  in which the  lesions were found or thei r  organiza-  
t ion s ta r ted .  These were d e m o n s t r a t e d  b y  such pic tures  of e x a c e r b a t i o n - - w i d e n -  
ing of in terspaces  be tween  endothel ia l  cells, endothe l ia l  cell necrosis, i n t ima l  
hemorrhage  and  in t ima l  ulcerat ion.  The in te rna l  elast ic  l amina  was f r agmen ted  
and  dissolved as the  resul t  of b lood p l a sma  inf i l t ra t ion.  

There  was marked  th rombus  format ion.  I n t i m a l  cells, which were pro l i fe ra ted  
in the  inner  layer  of the  i n t ima  with  widened spaces be tween  endothel ia l  cells, 
were f ibroblas t - l ike  ceils or f ibroblas t - l ike  smooth  muscle cells (Fig. 2). 
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Fig. 2. Yiesenterie artery of a hypertensive rat (4 weeks discontinuous administration from 
7 weeks after the constriction). Interspace between endothelial cells (E) was widened, and an 
intimal cell (IC) and fibrinoid substance (F) are found facing the lumen. BP blood plasma 

proteins; L lumen. × 9300 

I n  the  in t ima  where u lcera t ion  or extensive d i sappearance  of endothel ia l  cells 
were seen, the  endothel ia l  cells, sporadica l ly  found, were necrot ic  ones wi th  da rk  
g ranu la r  cy toplasm,  ve ry  ac t ive  ones wi th  f ibroblas t -hke  appearance ,  and  myo-  
endothel ia l  cell-hke ones wi th  myof i lamentons  s t ruc tures  in thei r  cy toplasm.  

I n  the  endothe l ia l  cells, which covered f ibrin and  granular  substances,  depos i ted  
on the  denuded  in t ima,  the  Golgi a p p a r a t u s  were well developed,  and  the basa l  
par t s  of the  cy top lasm were character ized by  the  presence of myof i l amentous  
s t ruc tures  (Fig. 3). 

Two neighbour ing endothel ia l  cells were d rawn toge ther  so t h a t  an  in te rvening  
cell be tween t hem was dr iven  out  to  fall in to  the  subendothel ia]  space (Fig. 4). 
Ano the r  swollen endothel ia l  cells were covering these cells (Fig. 4). The endo- 
thel ial  cells which were dr iven  out  in to  the  subendothel ia l  space showed a fibro- 
b las t - l ike  appearance ,  and  in tercel lu lar  junct ions  were observed between the  cells 
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Fig. 3. Mesenterie artery of a hypertensive rat (4 weeks discontinuous administration from 
7 weeks after the constriction). Myofilamentous structure is noticed in the basal cytoplasm 
of an endothelial cell (E). MO blood mononuclear cell; CE centriole; F fibrinoid substance; 

L lumen. × 8 200 

and lining endothelial cells (Fig. 4). When  isolated from blood stream, the driven 
out  cells were freed f rom the intercellular junction, and became intimal cells. 
Mitotic figures were observed in these endothelial cell-derived intimal cells. I n  the 
intimal cells which were proliferated in this way, the myofi lamentous structures 
came to be seen more conspicuously, and by  and by  differentiated into fibroblast- 
like smooth muscle cells provided with abundan t  organelles and myofi laments  in 
their cytoplasm (Fig. 5). 

The penetrat ion of neutrophils and circulating mononuclear  cells into the sub- 
endothelial space was more marked than  in rats  which were continuously given 
ant ihypertensive drugs. 

There were segments in which the int ima showed cellulofibrous thickening, 
which consisted mainly of smooth muscle cells, wi thout  fibrinoid substance. I t  was 
assumed tha t  there mus t  have been fibrinoid degeneration preceding the cellulo- 
fibrous intimal thickening, because the internal elastic lamina was f ragmented or 
disappeared in the segments. 
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Fig. 4. Mesenteric artery of a hypertensive rat (4 weeks discontinuous administration from 
7 weeks after the constriction). Regenerative proliferation of endothelial cells (E). Two endo- 
thelial cells (E/and E3) are considered to have driven out an E2 endothelial cell into 
the subendothelial space. Junctions are seen between E1 and E2 and between E2 and E3. 
Another endothelial cell (Eg) is covering these cells. All are deficient of the features of blood 
cells. E 3 shows an autophagic vacuole. F fibrinoid substance; L lumen. × 7 000 

Discussion 

The f ibr inoid substance  which was observed in the  in t ima  of hyper tens ive  ra ts  
was composed of blood p la sma  prote ins  especial ly f ibr inogen insuda ted  into the  
in t ima  owing to the  increased pe rmeab i l i t y ;  f ibr in  which is p roduced  b y  poly-  
mer iza t ion  of the  f ibr inogen and which had  per iodic  cross s t r ia t ion  of abou t  
200 A was the  ma in  const i tuent .  The substance  showed i r regular  s t r ipe pa t t e rn s  
(Ooyama,  1962; Ooneda et al., 1965; Hf i t tne r  et al., 1968). I n  the  presen t  experi-  
ment ,  however,  in which blood pressure was f luc tua ted ,  f ibr inoid degenera t ion  
was p roduced  no t  only  th rough  insuda t ion  of blood p la sma  prote ins  bu t  also 
l ikely th rough  incorpora t ion  b y  endothel ia l  cells of f ibr inoid t h rombus  (Duguid,  
1959) formed in the  p a r t  of severe dysoria.  

Endothe l ia l  cells which underwent  severe degenera t ion  owing to f luc tua t ion  of 
blood pressure,  were even tua l ly  lost. Bu t  those spared  f rom degenera t ion  or re- 
ceiving only min imal  i n ju ry  were regenera t ive ly  pro l i fe ra ted  later .  I n  the  presen t  
exper iment ,  an endothel ia l  cell was found dr iven  out  b y  the  app rox ima t ion  of 
the  two neighbour ing cells a round  i t  in to  the  subendothel iM space where i t  was 
conver ted  in to  an in t ima l  cell (Fig. 4). 
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Fig. 5. Mesenterie artery of a hypertensive rat (4 weeks discontinuous administration from 
7 weeks after the constriction). Fibroblast-like smooth muscle eell (SM) and blood mononuelear 
cell with phagoeytosed fibrinoid substance (MO) are seen beneath the endothelial cells (E). 
In the endothelial cells, the Golgi apparatus is hypertrophied, and myofilamentous structures 

are seen in the basal cytoplasm. F fibrinoid substance; L lumen. × 6900 

The regenerative proliferation of injured endothelial cells is said to be per- 
formed through amitosis (Knnz and Sulkin, 1949), or through mitosis (Pool et al., 
1958; Suzuki et al., 1970) or through either of these (Sinapius, 1952, 1966). In the 
present experiment, mitosis was observed in those derived from endothelial cells 
which had fallen into the subendothelial space. 

Endothelial cells, when separated from the endothelial lining and isolated from 
blood stream, are said to become fibroblasts (Silberberg, 1930; Altschal, 1954; 
Ooyama, 1962). Though intimal cells just beneath the endothelial cells were fibro- 
blast-like cells in the present as well as in the previous study (Kojimahara et al., 
1971), most of the cells showed myofilamentous structures in the cytoplasm. 
When these cells began to participate in the absorption of intimM fibrinoid sub- 
stance, they turned into fibroblast-like smooth muscle cells (modified smooth musele 
cells) provided with abundant cell organelles, especially rough-surfaced endo- 
plasmie retieulum and with myofilaments in their eetoplasm. I t  was thus con- 
firmed that  the modified smooth musele cells, which played an active role in the 
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healing of the  in t imM lesions of the  ar ter ies  in exper imenta l  hyper tens ion ,  were 
p a r t l y  der ived  f rom endothel ia l  cells (Altschul,  1954; Ooyama,  1962; Ooneda,  
1968). The following can be ment ioned  as the  reasons of this  conf i rmat ion;  
1) I n  the  heal ing process of the  in t ima l  f ibr inoid degenerat ion,  as previous ly  
r epor ted  (Ko j imaha ra  et al., 1971), in t imal  cells were first  observed jus t  benea th  
the  endothe l ia l  cells; 2) endothel ia l  cells, like in t ima l  cells, came to have  myo-  
ff laments  in the i r  cy top lasm and thus  tu rned  into  myoendothel iM cells resembling 
the  in t imM modif ied  smooth  muscle cells; 3) as revealed in the  present  s tudy ,  
endothel ia l  cells fell in to  the  subendothel ia l  space to tu rn  in to  in t imal  cells, 
which, th rough  mi to t ic  prol i ferat ion,  became the modif ied smooth  muscle cells; and  
fur ther  4) the  int imM cells were absent  in the  mesenter ie  ar ter ies  of normal  control  
rats .  

As for the  cause of the  dissolut ion of the  in terna l  elastic lamina,  one of the  
character is t ics  of the  ar ter ia l  lesions of hyper tens ive  rats ,  blood p lasma  infi l t ra-  
t ion is considered most  impor t an t .  Owing to this  in f i l t ra t ion  the  lamina  became 
ser ra ted  and  f ragmented ,  and  then  i t  was dissolved. I t  was assumed t h a t  in this  
case the  ac t ion  of elastase,  der ived  from the  pancreas  and  granules  of neut rophi l s  
(Janoff  and  Scherer,  1968; Loeven,  1969), might  be involved.  

There  is a view t h a t  blood cells would become int imM smooth  muscle cells 
(Still, 1966; Jorgensen  et al., 1967). We can no t  abso lu te ly  deny a poss ib i l i ty  t h a t  
the  endot, heliM cel l -derived cells, which were found in the  present  expe r imen t  to 
fall in to  the  lumen,  m a y  be in te rmingled  among circulat ing blood cells. 
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