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The lumen of the abdominal aor ta  was constr ic ted by half its d iameter  caudally to the o r i -  
gin of the renal  a r t e r i e s  in noninbred albino rats  weighing 250-300 g, result ing in a fall in 
blood p re s su re  in the distal port ions of the abdominal aor ta  and its branches whereas  the 
volume velocity of the blood flow was unchanged. Two weeks after constr ict ion signs of 
atrophy of the smooth-muscle  s t ruc tures  appeared in the wall of the abdominal aorta  and 
its branches  caudally to the point of occlusion, and they reached their most  marked de-  
gree  after three months.  Atrophy of the smooth muscles  was accompanied by a decrease  
in the hydraulic res i s tance  of the res is t ive  vesse ls .  

In coarctat ion of the aor ta  the walls of the blood vesse ls  become thinner distally to the site of coa rc ta -  
tion [6, 7] although the atrophic changes which ar i se  do so pr imar i ly  through degeneration of e last ic  e le-  
ments [7]. After occlusion of the femoral  a r t e ry  in dogs as the resul t  of implantation of a t h rombus - fo rm-  
ing coil into the vessel ,  sc lerot ic  changes and atrophy of the muscular  coat are found caudally to the point 
of occlusion [5]. 

The object of the present  investigation was to study whether atrophic changes in the smooth-muscle  
cells can ar i se  in the wall of a r t e r i e s  of different cal iber  as a resul t  of a decrease  in the p re s su re  con- 
stantly acting on them, to determine the time of appearance of the initial atrophic changes, and to study the 
dynamics of the p rocess  over  a period of three months. 

EXPERIMENTAL METHOD 

By means of a metal  coil [4] the aor ta  of noninbred albino ra ts  of both sexes weighing 250-300 g was 
constr ic ted below the origin of the renal  a r t e r i e s  until the p res su re  in the femoral  a r t e ry  had been reduced 
approximately by half. At various t imes af ter  constr ict ion of the aor ta  the p re s su re  in the carot id and 
femoral  a r t e r i e s  was recorded  by means of an e lec t romanomete r  in the animals undergoing the operation 
and also in control  animals under urethane (1 g /kg  body weight) anesthesia.  Immediately after  this p roce -  
dure, warm (37~ x - r a y  contras t  mater ia l  as descr ibed by Arutyunov [1], was injected into both vessels  
simultaneously for 10 min under the p res su re  recorded  in the carot id a r t e ry .  After fixation of the ra t s '  
cadavers  in 5% formalin solution, roentgenograms were  taken of the vesse ls  by the method published p r e -  
viously [2]. The diameter  of the lumen of the thoracic  aorta,  the abdominal aor ta  caudally to the site of 
constrict ion,  and both femoral  a r t e r ies  was measured  on the roentgenograms.  Sections were cut f rom 

Laboratory  of Experimental  Pathomorphology and Labora tory  of Regulation and Biophysics of the 
Circulation, Institute of Normal  and Pathological  Physiology, Academy of Medical Sciences of the USSR, 
Moscow. (Presented by Academician of the Academy of Medical Sciences of the USSR V. N. ChernigovsMi.) 
Transla ted f rom Byulleten' t~ksperimental 'noi Biologii i Meditsiny, Vol. 74, No. 12, pp. 35-38, December,  
1972. Original ar t ic le  submitted May 30, 1972. 

�9 1973 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

1508 



T A B L E  1. T h i c k n e s s  of W a l l s  (in #) and K e r n o h a n ' s  Index (in %) of 
S m a l l  M u s c u l a r  A r t e r i e s  L o c a t e d  Cauda l ly  to  Po in t  of C o n s t r i c t i o n  
of A o r t a  a t  V a r i o u s  T i m e s  a f t e r  O p e r a t i o n  (M * m) 

D~ameter 
o t  artedes 

120--60 

60--20 

Under 20 

Index 

Thickness of wall 
Kernohan's index 
Thickness of wall 
Kernohan's index 
Thickness of wall 
Kemohan's index 

Control 

5,3-+-0,7 
: (18"+'2,0) 
3,2-+0,2 
(10-+0,8) 

2,9-+0,1 
1: (3• 

*P < 0.05. 
~ P  < 0.01 r e l a t i v e  to c o n t r o l .  

Time after operation (in days) 

3--7 14--3(} I 90 

3,9+1,3 
1 : (22_____5,3) 

2,4___.+0,3 
: (10• 
2,8+0,3 

1 : (3-+-0,2) 

3,3• 1,5-+-0,3 
1: (29,5"+5,5) 1:(65• 

2,2-+0,2 2,4___+0,3" 
1: (12"+-1,0) 1: (15-+1,8) 

2,0• 1 4• IT 
1: (4• 1:' (6__+0,7) 

T A B L E  2. Vo lume  of Nuc le i  (in #3) of S m o o t h - M u s c l e  C e l l s  i n P a r t s  
of A o r t a  C r a n i a l l y  and C a u d a l l y  to P o i n t  of C o n s t r i c t i o n  (M * m) 
Time after 
constriction 
of aorta (in 
days) 

3--7 
14 
30 
90 
Control 

No~ of 
rats 

3 

Cranial (A) 

37,5-+1,5 (2O0) 
42,3-+1,8 (200) 
53,4_2,2 (200) 
51,3_+1,1 (40O) 
45,0-+2,6 (100) 

Part of aorta 

Caudal (B) 

46,2--+ I, 7 (200) 
63,6-+2,2 (200) 
34,0__+1,6 (200) 
34,5-+1,1 (400) 
48,0• (lOO) 

<0,001 
~0,001 
<0,001 
~0,001 
=0,5 

B/A 

1,22 
1,45 
9,64 
0,65 
1,06 

Note .  N u m b e r  of  m e a s u r e m e n t s  g iven  in  p a r e n t h e s e s .  

F i g .  1. P o s t m o r t e m  r o e n t g e n o g r a m s  of 
a o r t a ,  i l i a e ,  and  f e m o r a l  a r t e r i e s  f i l l e d  
wi th  c o n t r a s t  m a t e r i a l  u n d e r  p r e s s u r e  
m e a s u r e d  d u r i n g  l i f e  in the  c a r o t i d  a r -  
t e r y :  A) i n t a c t  a n i m a l ;  B) 3 mon ths  
a f t e r  c o n s t r u c t i o n  of a b d o m i n a l  a o r t a .  
T h r e e  mon ths  a f t e r  c o n s t r i c t i o n  of a b -  
d o m i n a l  a o r t a  no l a r g e  c o l l a t e r a l s  a r e  
p r e s e n t ,  and by c o m p a r i s o n  wi th  i n t ac t  
r a t s ,  a b d o m i n a l  a o r t a  and  i t s  b r a n c h e s  
c a u d a l l y  to po in t  of c o n s t r i c t i o n  a r e  d i -  
l a t e d .  F i l m s  t a k e n  l i f e - s i z e .  

p a r t s  of the  wa l l  of the  a o r t a  ( t r a n s v e r s e  and  t angen t i a l )  c a u -  
d a l l y  and c r a n i a l l y  to the  po in t  of  c o n s t r i c t i o n ,  f r o m  the  
f e m o r a l  a r t e r i e s ,  and  f r o m  the m u s c l e s  of the  f o r e  and hind 
l i m b s .  

The  n u m b e r  of e l a s t i c  m e m b r a n e s  in the  tun ica  m e d i a  
and the t h i c k n e s s  of the m e m b r a n e s  and the i n t e r m e m b r a n o u s  
s p a c e s  w e r e  m e a s u r e d  in the  w a l l s  of a r t e r i e s  of e l a s t i c  t ype  
b e t w e e n  1 .4 -1 .6  and 0.6 m m  in d i a m e t e r ,  and  to c a l c u l a t e  
the  vo lume  of the  n u c l e i  of  the  s m o o t h - m u s c l e  c e l l s  t h e i r  
d i a m e t e r  and l eng th  w e r e  a l s o  m e a s u r e d .  The t h i c k n e s s  of 
the  m u s c u l a r  coa t  and the d i a m e t e r  of the  l u m e n  w e r e  m e a -  
s u r e d  in m u s c u l a r  a r t e r i e s  u n d e r  150 # in d i a m e t e r ,  and the 
r a t i o  be tween  t h e s e  two v a l u e s  ( K e r n o h a n ' s  index) a l s o  w a s  
c a l c u l a t e d .  D e t a i l s  of the s t a in ing  and m o r p h o m e t r i c  m e t h -  
ods  w e r e  d e s c r i b e d  p r e v i o u s l y  [3]. 

In f ive  e x p e r i m e n t a l  a n i m a l s  (2 mon ths  a f t e r  the  o p e r a -  
t ion  to c o n s t r i c t  the  ao r t a )  and in 14 c o n t r o l  a n i m a l s  unde r  
u r e t h a n e  a n e s t h e s i a  the vo lume  v e l o c i t y  of the b lood  flow into 
the  h ind  l i m b  w a s  m e a s u r e d .  To do th i s ,  c a n n u l a s  w e r e  i n t r o -  
d u c e d  into the  c e n t r a l  end of the  r i g h t  c a r o t i d  a r t e r y  and into 
the  c e n t r a l  end  of the  r i g h t  f e m o r a l  a r t e r y ,  and t h e s e  w e r e  
c o n n e c t e d  t h r o u g h  t h r e e - w a y  cocks  wi th  a p h o t o e l e c t r i c  d rop  
c o u n t e r ,  wh ich  in t u r n  w a s  c o n n e c t e d  to  the  p e r i p h e r a l  end 
of the l e f t  f e m o r a l  a r t e r y .  In th i s  w a y  the  b lood  supp ly  to the 
hind l i m b  of  the  a n i m a l s  cou ld  be  m e a s u r e d  a f t e r  the o p e r a -  
t ion  du r ing  p e r f u s i o n  of the  l i m b  u n d e r  n o r m a l  p r e s s u r e  and 
a l s o  u n d e r  the  p r e s s u r e  when  r e d u c e d  by c o n s t r i c t i o n  of  the  
a o r t a .  
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EXPERIMENTAL RESULTS 

The pressure in the carotid and femoral arteries of the control rats was virtually identical and its 
mean value was 102 mm Hg. In the experimental animals, the pressure in the carotid artery was equal to 
111-3.2 mm Hg; in the femoral artery, it was 52:e2.8 mm Hg. On roentgenograms taken even three months 
after constriction of the aorta, there was no sign of the formation of large collaterals (Fig. i). Two months 
after the operation the volume velocity of the blood flow in the femoral artery during perfusion under re- 
duced pressure because of constriction of the aorta was 0.64-1 ml/min (mean 0.77 ml/min), and it was in- 
distinguishable from the velocity of the blood flow in the control animals, which was 0.63-1.09 ml/min 
(mean 0.76 ml/min). However, when the limb was supplied with blood from the carotid artery, i.e., when 
the pressure was raised to the normal value, the volume blood flow in the femoral artery increased to 
1.1-2.32 ml/min (mean to 1.65 ml/min), i.e., by 2.1 times. This result shows that a prolonged local fall 
of 50% in the arterial pressure causes a substantial decrease in the hydraulic resistance of the resistive 
vessels of the hind limbs, one possible cause of which could be an increase in the elasticity of their wall. 

This hypothesis was confirmed by the results of the morphological investigation. After constriction 
of the aorta a tendency toward a progressive increase in the diameter of the lumen of the blood vessels in 
the hind part of the body, filled with contrast material, was observed. In the intact rats the lumen of the 
femoral arteries was 40-42% of the lumen of the middle third of the thoracic aorta, while from the 14th day 
after the operation it rose from 50-52%. The lumen of the femoral arteries 3 months after constriction of 
the aorta reached a mean value of 880 * 27 p (compared with 720 * 42 p in the control), or 55.9% of the 
diameter of the lumen of the thoracic aorta (42.1% in the control; P = 0.01). 

In the intact rats the thickness of the wall of the aorta above the bifurcation averaged 55 p (76% of the 
thickness of the wall of the thoracic aorta). One month after the operation the thickness of the aortic wall 
caudally to the point of constriction had fallen to 36.4 p (46%), and 3 months after the operation to 25 p (29%) 
of the thickness of the wall of the thoracic aorta. Three months after constriction of the aorta the thickness 
of the wall of the femoral arteries was reduced by 2-2.5 times (from 40 to 14-20 p). The decrease in thick- 
ness of the wall of the blood vessels was mainly due to thinning of the layers of smooth-muscle cells, for 
the thickness of the elastic membranes showed only very slight changes. No sclerotic changes could be 
found in the walls of the large and small arteries lying distally and proximally to the site of constriction. 

The results given in Table 1 show that regional hypotension, starting from the second week, leads to 
a decrease in thickness of the muscular coat of the small arteries of the thigh and to widening of their lu- 
men. These changes increased progressively for 3 months after constriction of the aorta. From 1 to 3 
months after the creation of permanent regional hypotension the volume of the nuclei of the smooth-muscle 
cells in parts of the aorta lying distally to the point of constriction was considerably reduced, being only 
0.64-0.65 of the volume of the nucleimeasured in the smooth-muscle cells of the thoracic aorta (Table 2). 

Reducing the blood pressure on the wall of arteries of elastic and muscular type by half was thus 
followed by atrophy of the smooth-muscle cells of the tunica media of these vessels. Atrophic changes in 
the smooth-muscle cells developed comparatively slowly and were visible morphologically from the 14th 
day after lowering of the pressure. 

Atrophy of the smooth-muscle cells developing during regional hypotension was reflected functionally 
in a decrease in hydraulic resistance of the resistive vessels 2 months after the constriction of the aorta. 
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