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Experiments on ra ts  showed that after vasoconstriction of the kidney caused by adrenalin solu- 
tion, in the ear ly  stages of the experiment (5 and 15 min) marked constriction of the lumen of 
the intramural a r te r ies  and, in part icular,  of the afferent ar ter io les  develops. Ultrastructural  
changes in the capillary components of the renal giomeruli observed under these circumstances 
are  a morphological expression of the effect of angiospasm and of circulatory hypoxia. In the 
la ter  stages (3 and 7 days) the residual phenomena of constriction of the microcirculation in 
the kidney still persis t .  These changes character ize  the state of unique mobility and of the 
contractile propert ies  of the endothelial cells s caused by spasmogenic disturbance of the mi- 
crocirculation. 
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The morphological equivalent of transient  spasm of the ar ter ial  components of the microcirculation which 
perform the function of "values" of the vascular system has been inadequately studied. According to the avail- 
able data [2, 4, 6, 7, 12], functional angioneurospastic disorders  in various organs leads tothe development of 
loci of necrosis  and hemorrhages in them. The kidney is more sensitive than other organs to circulatory hy- 
poxia caused by angiospasm [11]. 

In the present  investigation the effects of experimental angiospasm on the various components of the 
renal circulation were studied at light-optical and electron-microscopic  levels.  

E X P E R I M E N T A L  M E T H O D  

Angiospasm was induced in 30 adult albino ra t s  by injection of 0.1 ml of 0.1% adrenalin solution into the 
abdominal aorta (above the origin of the left renal ar tery) .  Pieces  of kidney were taken immediately after 
injection of adrenalin and 5 and 15 rain and 1, 3, and 7 days la ter .  The material  was fixed in 1% OsO 4 solution, 
dehydrated, and embedded in a mbCmre of Epon and Araldite. Sections cut f rom blocks were examined under 
the UI~lVIV-100V electron microscope with an accelerating voltage of 75 kV. For  the histopathological investi- 
gation of the kidney sections 3-5 p thick were stained with hematoxylin2eosin and with fuchselin by Weigert 's 
method, and counterstained by Van Gieson's method. Changes in the caliber of the vessels  were determined 
morphometrical ly [1] and numerical resul ts  were subjected to statistical analysis. Control animals were sub- 
jected to the analogous operation but the same volume of physiological saline was injected into the abdominal 
aorta.  All animals were kept on an ordinary diet. 

E X P E R I M E N T A L  R E S U L T S  

Immediately and 5 and 15 min after  injection of adrenalin a sharp increase was observed in the tone of 
the renal blood vessels .  After 5 min the lumen of the interlobar, arcuate, and interlobular a r te r ies  was r e -  
duced and the area of the media was increased (Table 1). The inner elastic membrane formed tight and deep 
twists and turns.  The nuclei of the endothelial cells were displaced to the apices of the folds of the membrane 
and were swollen and near together.  In places where the endotheliocytes separated from the membrane, sub- 
endothelial spaces could be seen. Disorientation of the smooth-muscle f ibers was found in the media. Their  
sarcoplasm contained numerous vacuoles and their  nuclei were shortened. The outer elastic membrane was 
slightly twisted, with shallow invaginations and evaginations. 

Department of Human Anatomy, Ivano-Frankovsk Medical Institute. (Presented by Academician of the 
Academy of Medical Sciences of the USSR V. V. Kupriyanov.) Translated from Byulleten, l~ksperhnental'noi 
Biologii i Meditsiny, Vol. 85, No. 6, pp. 746-750, June, 1978. Original art icle submitted May 3, 1977. 

818 0007-4888/78/8506-0818 $07.50 �9 1978 Plenum Publishing Corporation 



TABLE 1. 
Inject ion of 0.1% Adrenal in  Solution 

Indices  (in #)  Charac t e r i z ing  Dynamics  of Spasms  of Renal  A r t e r i e s  Following 

Time after injec- 
tion of 0.1% 
adrenalin solution 

5 min 

3 days 

7 days 

Statisti - 
cal 
index 

M 
-'-m 

P 

M 
-'-rn 

P 

M 
tr/ 
P 

M 

-~-m 

Internal diameter of arteries 
less than 20~t 

diameter area of 
of lumen media 

4,3 F296,1 
o,3 l 21,4 

>o,ool [ >o,ool 

5,0 I 253,7 0,5 17,5 
>0,001 >0,2 

2o--40/a 
diameter area of 
of lumen media 

7,0 608,3 
0,61 25,01 

>0,02 >0,02 

10,0 743,5 
0,81 80,65 

<0,2 <0,2 

40~ 100 ]2 

diameter area of 
of lumen media 

22,0 4221,1 
1,8 466,7 

>0,001 >0,02 

30,2 2120,0 
2,2 231,0 

<0,5 <0,5 

5,8 
0,8 

>0,001 

7,6 

0,26 

160,8 
t4,0 

<0,5 

168,3 

17,5 

8,4 
1,1 

<0,1 

12,8 

2,0 

663,8 
101,0 
<0,5 

677,6 

17,9 

30,4 
3,8 

<0,5  

34,6 

0.,6 

3360,7 
808,0 
<0 ,5  

2594,8 

465,0 

Normal renal 
arteries (control) 

~00--300 p 
diameter tarea of 
of lumen [m,edia 

68,4 [ 23433,0 
7,7 1931,0 

<0,01 <0,01 

100,0 I 14586,0 
11,7 2611,0 

<0,5 <0,5 

133,0 
9,7 

<0,5 

1i8,8 

16,0 

9321,98 
818,0 
< 0 , t  

15369,6 

2744,0 

With a reduct ion  in the ca l iber  of the a r t e r i e s  the nar rowing  of t he i r  lumen b e c a m e  m o r e  m a r k e d .  The 
inner  e las t i c  m e m b r a n e  of the a f fe ren t  a r t e r i o l e s  a s sumed  the f o r m  of a highly twis ted sp i ra l .  The  nuclei  
of the endothelial  ce l l s  were  a r r anged  c l o s e r  toge ther  in the f o r m  of a pal l isade,  sharply  cons t r ic t ing  the !u-  
men  of the ve s se l .  The media ,  with an a r e a  of 296.1 �9 21.4 ~ 2 contained a few round nuclei  with i r r e g u l a r  
out l ines  (Fig. 1). 

E l e c t r o n - m i c r o s c o p i c  invest igat ion immedia te ly  and also 5 and 15 rain a f te r  injection of adrenal in  r e -  
vealed  col lapse  of  the g l o m e r u l a r  cap i l l a r i e s .  The i r  lumens  were  sharp ly  cons t r ic ted .  The cy top la sm of the 
endothel iocytes  was swollen. The  nuclei  were  oval in shape and the i r  nuc leop lasm of ave rage  e lec t ron  den-  
s i ty .  The mi tochondr ia ,  with a t r ans lucen t  ma t r ix ,  lay in the pe r inuc lea r  zone. The ba semen t  m e m b r a n e  of 
the cap i l l a r i e s  was  homogeneous  and i r r e g u l a r l y  thickened.  The podocytes  in contact  with it we re  elongated 
and pa r t l y  de fo rmed .  The nuclei  of  the epi the l iocytes  contained pale nuc leop lasm.  The cy top lasmic  r e t i c u -  
lure cons is ted  of n a r row  tubules  and distended sacs ,  the m e m b r a n e s  of which contained r i b o s o m e s .  The  
mi tochondr ia  we re  elongated and the i r  m a t r i x  m o d e r a t e l y  osmicphi l ic  (Fig. 2). 

Af te r  3 and 7 days  the inner e las t ic  m e m b r a n e  of the in te r lobar  and a rcua te  a r t e r i e s  stil l  r e m a i n e d  i r -  
r e g u l a r l y  twis ted .  I ts  f i be r s  were  m o r e  loose ly  a r r anged  and in some ca se s  were  thickned or broken.  In 
these  a r e a s  the endothel ium was absent  and e lements  of the media  of the v e s s e l s  evaginated into the i r  lumen.  
The nuclei  of the smooth m yocy t e s  were  de formed .  The a f fe ren t  a r t e r i o l e s  had a c o a r s e r  e las t ic  s t r o m a .  
The  nuclei  of the endothel iccytes  in some  reg ions  fo rmed  groups .  

In the l a t e r  s tages  (3 and 7 days) the  a f t e r - e f f e c t s  of exper imenta l  ang iospasm were  re f l ec ted  u l t r a -  
s t r uc tu r a l l y  as  p e r s i s t e n t  swelling of the cy top lasm of the endethel iccytes  of the g l o m e r u l a r  cap i l l a r i e s .  
T h e  e r y t h r o c y t e s  moving along the cons t r ic ted  cap i l l a r i e s  were  deformed  and elongated in shape (Fig. 3). The  
nuclei  of the endothel iccytes  p r e s e r v e d  t h e i r  oval out l ines .  The  mi techondr ia  had a t r ans lucen t  ma t r i x .  The 
e l emen t s  of the l a m e l l a r  complex  w e r e  widened. In some renal  g lomeru l i  the  blood cap i l l a r i e s  w e r e  sharp ly  
dilated and congested.  In the f la t tened p a r t  of the endothel iccytes  l ining them the d i ame te r  of the f enes t ra t ions  
and p o r e s  was inc reased .  Outgrowths  of the mesang ia l  cel ls  at points of contact  with the endothel iocytes  p r o -  
jec ted  into the lumen  of the cap i l l a r i e s  and contained many  micropinocyto t ic  ves i c l e s .  The ba semen t  m e m -  
b r a n e  of the blood cap i l l a r i e s  was thinned in some  p laces .  The  cytopodia of the podocytes  we re  low in e l ec -  
t ron  densi ty .  Many ves i c l e s  were  p r e s en t  in the cy top lasm of the epi the l iocytes .  The  cy top la smic  r e t i cu lum 
had a well m a r k e d  pa t t e rn  of smooth and rough tubules and c i s t e r n s .  

The  r e s u l t s  a r e  evidence that  during exper imen ta l  vasocons t r i c t ion  of the r a t  kidney u l t r a s t r u c t u r a l  
changes in the components  of the cap i l l a r i e s  of the r ena l  g lomeru l i  a r e  obse rved  in the ea r ly  s tages  (5 and 15 
min) agains t  the background of a sha rp  nar rowing  of the lumen  of the a r t e r i a l  s y s t e m  within the kidney. In 
the l a t e r  s tages  (3 and 7 days) r e s idua l  phenomena of vasocons t r i c t ion  stil l  p e r s i s t e d .  

The  intensi ty  of the c i rcula t ion  along the path to the blood cap i l l a r i e s  of  the renal  g lomeru l i  is de te rmined  
by the spontaneous v a s o m o t o r  ac t iv i ty  of  the in te r lobula r  a r t e r i e s  and a f fe ren t  a r t e r i o l e s ,  which a r e  under  
the  influence of sympathe t ic  v a s o c o n s t r i c t o r  f i b e r s  and of vasoac t ive  subs tances  [8, 13]. 
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Fig .  1. L igh t -op t ica l  changes in wall  of  r ena l  a r t e r i e s  of  r a t  5 min a f t e r  
inject ion of 0.1% adrena l in  solution: a) in te r lobar  a r t e r y  (300 • 1) i r -  
r e g u l a r  folding of inner e las t ic  m e m b r a n e ,  2) vacuolat ion of media;  b) 
a r cua t e  a r t e r y  (400 • 3) swollen nuclei  of  endothelial  ce l ls ,  4) subendo-  
thel ia l  spaces ;  c) in te r lobular  a r t e r y  (1350• 5) swollen endothelial  
ce l l s  fo rming  pa l i sade  facing lumen  of vesse l ;  d) a f fe ren t  a r t e r i o l e  
(1350 • 6) of nuclei  in lumen of ves se l .  Stained with f u c h s e l i n - p i c r o -  
fuchsin.  

In the p r e s e n t  e x p e r i m e n t s  the  action of adrenal in  on the a r t e r i a l  s y s t e m  of the kidney was mani fes ted  
as sharp ly  defined s p a s m  of all i ts  components ,  as  f a r  as  the a r t e r i o l a r  b ranches .  The  u l t r a s t r uc tu r a l  changes 
desc r ibed  above in the g l o m e r u l a r  blood cap i l l a r i es ,  which have no smooth musc l e  cel ls  and a r e  unable to 
con t rac t  act ively,  mus t  be r e g a r d e d  as  the r e su l t  of the t e m p o r a r y  d is turbance  of the c i rcula t ion and hypoxia 
a r i s ing  under  those  conditions.  These  changes  (a d e c r e a s e  in tu rgor ,  swelling, i nc reased  t rans lucency  of the 
cy top la smic  ma t r i x ,  na r rowing  of the lumen of the cap i l l a r i e s ,  etc.} a r e  the r eac t i ve  re f lec t ion  of the unique 
mobi l i ty  and cont rac t i l e  p r o p e r t i e s  of  the i r  endothelial ce l l s  during spasmogenic  d i s turbance  of the m i c r o -  
c i rcu la t ion  and in a s ta te  of hypoxia.  I t  should be r e m e m b e r e d  that  the speci f ic  g ranu la r  epithelial  ce i l s  in 
the  med ia  of  the a f fe ren t  a r t e r i o l e  of the g lomeru lus ,  belonging to the jux tag lomeru la r  s y s t e m  of the kidney, 
a r e  pa r t i cu l a r l y  sens i t ive  to a d i s tu rbance  of the t r a n s g l o m e r u l a r  hemodynamics .  Res t r i c t ion  of the flow of 
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Fig. 2 Fig. 3 

Fig. 2. State of individual components of glomerular blood capillaries in kidney 5 rain 
after induction of experimental angiospasm: cytoplasm of endotheliocytes (CE) swollen; 
basement membrane (BM) homogeneous, and widened in some areas (13,500 • 

Fig. 3. UltrastructtLre of glomerular blood capillaries in kidney 3 days after injection of 
0.1% adrenalin solution: large vacuoles (V) and deformed erythrocytes (E) in lumen of 
capillaries; thinning of basement membrane (BM) observed (10,000 • 

blood toward the capillaries of the glomerulus during ischemia causes hyperplasia of these cells, and stimu- 
lates the synthesis and liberation of renin [3, 5]. Comparison of the present results with those of the wri ters '  
previous investigations indicates the high sensitivity of the kidney to circulatory ischemia, whether caused 
by temporary exclusion of the organ from the blood flow [9, 10], or by functional angiospasm. 
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