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In 1959 one of the authors of this ar t ic le  [1] developed a method of producing a standard degree of stenosis in 
the arteries of rats in chronic exper iments  by means of a s tenotizing spiral. Experimental  test of this method showed 
that  after the appl ica t ion  of a spiral  with a spire d iameter  of 0.3-0.35 m m  upon one of the renal  arteries the corres- 
ponding kidney underwent atrophy, and the c o n t r a l a t e r a l -  i n t a c t _  kidney underwent hypertrophy. If, however, a 
spiral  with a spire d iamete r  of 0.3 - 0.35 m m  was pulled over one of the renal  arteries and stenosis of the artery in 

the second kidney was s imultaneously produced by the appl icat ion of another spiral  with a spire d iameter  of  0.26 r a m ,  
the first kidney (in which the stenotie artery had a d iameter  of 0.3-0.35 mm) did not undergo atrophy, but hypertrophy. 

It was the a im of the present investigation to confirm this observation exper imenta l ly .  

E X P E R I M E N T A L  M E T H O D  
We carr ied out 3 series of experiments .  In the first series, stenosis of the renal  artery was produced in one kid- 

ney; in the second series, stenosis - of different degree - was produced in both renal  arteries; and in the third series, 
stenosis was produced in the renal  artery of  a kidney which had ear l ier  undergone hypertrophy. In a l l  exper iments ,  
the s tenotizing spiral was left  on the arteries until the end of the an imals '  life. 

White rats of both sexes and of coinciding weight (between 158 g and 375 g) were used for the experiments .  
The following parameters  were used to judge the degree of renal  hypertrophy and atrophy: the size of the kidneys, 
the size of the glomerul i  and of the tubules, and the general  h is to logical  picture (in sections stained with hematoxy-  

l in-eos in ,  picrofuehsin and Sudan III). The size of the glomerul i  and of the tubules in the proximal  part of the neph- 
ton was measured by means of an e y e p i e c e - m i c r o m e t e r .  The size of the glomerul i  was measured within the l imits  
of the renal  corpuscles, summing up their total  size along the greater d iameter ,  and the size of  the tubules was m e a -  

sured at the basal  membrane.  In each  sect ion the d iameter  of 30 glomerul i  and of 30 contorted tubules of  the first 
order was measured in 3 different parts of the kidney (in the upper, middle  and lower third of  the organ). In each 
kidney the measurements  were carr ied out in 3 sections after which the average values were ca lcu la ted .  

To assess the functional  state of the kidneys the non-protein  nitrogen leve l  was es t imated  in the blood of ar- 
b i t rar i ly  se lec ted  animals.  

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

I.  E x p e r i m e n t s  I n v o l v i n g  t h e  P r o d u c t i o n  o f  S t e n o s i s  in  O n e  R e n a l  A r t e r y .  
Stenosis in one of the renal  arteries was produced in 18 rats: in 11 rats with the aid of  a spiral  with a spire 

d iamete r  of 0.3 - 0 .35mm,  and in 7 rats by means of a spiral  with a spire d iamete r  of 0,4 - 0 .46mm.  

If the arteries were narrowed by means of a spiral with a spire d iamete r  of 0 .4 -  0.46 mm,  atrophy of moderate  
degree developed within 45 days in the corresponding kidney,  without compensatory hypertrophy of the cont ra la te ra l  
kidney. 

If the arteries were narrowed by means of a spiral  with a spire d iameter  of 0.3 -0.35 ram, marked atrophy of 
the i schemized kidney and compensatory hypertrophy of the intact  kidney could be observed, beginning from the 
12th- 14th day. At la ter  stages the signs of atrophy and sclerosis in the ischemic kidney became  more marked and 
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by the 200th-300th day the organ was comple te ly  replaced by fibrous, frequently petr if ied tissue. In these cases the 

hypertrophy of the intact  kidney reached a high degree. The atrophy of the ischemic kidney became  manifest  in the 
diminished size of the  glomeruli  and the contorted tubules. 

The average size of the kidney, the artery of which had been rendered stenotic throughout the duration of the 

experiment  (12-300 days), reached 12. 6 x 8 x 5mm;  as compared to 18 x 10 x 8 mm in the controled animals.  
(All control values described in this paper were obtained on 10 intact  rats). The average size of the contra ta tera l  
kidney reached 19.a x 12.3 x 9 .3mm.  

The d iameter  of the glomeruli  in the ischemie kidneys decreased to 60 - 65 g ,  compared to 68 -76 p in the 
control animals  (i.e. a decrease of 8 - 1 1 g )  and the diameter  of the tubules reached 23- 28g instead of 30-38/~ 

Fig. 1. Simultaneous exper imenta l  stenosis of both renal arteries. 
44th day of the experiment .  On the left: a hypertrophic glomerulus 
and tubules (stenosis of the renal artery with a d iameter  of 0.35mrr0; 
on the right: atrophic glomerulus and tubules; fibrosis of the kidney 

(stenosis of the renal artery with a d iameter  of 0 .26mm) .  

(i.e, a decrease of 7 - 10/~). In the contra la tera l  kidney the glomeruli  increased to a d iameter  of 80 - 125g (on the 
average to 99.6~) and the contorted tubules of the first order reached a d iameter  of 36 - 45 ~ (on the average 40~). 

Investigation of the non-protein nitrogen in the blood of arbitrari ly selected animals revealed in 4 rats with 
a stenotized renal  artery, and in 6 control rats that the non-protein nitrogen levels are very similar  in both groups 
in the exper imenta l  animals  the level  varied between 21 and 36 mg%(on the average 29 mg%) and in the control  
rats between 21 and 48 mg%(on the average 37 mg~ 

If one general ized the results of the first series of experiments one comes to the conclusion that exper imenta l  
stenosis of the main artery in one kidney leads to the atrophy of the kidney and to the hypertrophy of the cont ta-  
la tera l  kidney. The nitrogen excretion by the kidneys remains on the whole unimpaired. 

I I .  E x p e r i m e n t s  I n v o l v i n g  S i m u l t a n e o u s  S t e n o s i s - o f  D i f f e r e n t  D e g r e e -  in  b o t h  
R e n a l  A r t e r i e s  
In the second series of experiments simultaneous stenosis of both renal  arteries was produced in 1'7 rats. The 

artery of one of the kidneys was narrowed with the aid of a spiral s imilar  to that used in the first series of exper i -  
ments with a spire d iameter  of 0.3 - 0.35 m m  and the artery of the o t h e r - c o n t r a l a t e r a l  - k i d n e y  was narrowed 
by means of a spiral with a smaller  spire diameter  equal  to 0 .26-0 .28mm.  In various groups between one third 
and two thirds of al l  animals used for the experiments survived. The highest mor ta l i ty  could be  observed within 
the first 10 - 14 days of the experiments,  
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In the second series of experiments, in which the observation was continued for up to 230 days, the kidneys, 
the renal arteries of which had been rendered stenotic to a diameter of 0 .3-  0.35 ram, did not undergo a t r o p h y -  in 
contrast to the experiments of the first series - b u t  became hypertrophic. The fact of hypertrophy could in these 
cases be confirmed by the increase in size. 

In this series of experiments the average size of the kidneys, in which the renal artery had been rendered sten- 
otic to a diameter of 0.3-0.35 ram, reached 20 x 11.8 x 2.8 mm as compared to 12.6 • 28 X 5 mm in the first series 
of experiments and 18 x 10 x 8 mm in the control group. 

Microscopical investigation of the kidneys, the arteries of which had been rendered stenotic to a diameter of 
0 .3 -0 .35mm,  revealed that the increase in the size of the organ had been caused by an increase in the size of the 
glomeruli and the tubules (Fig. 1,2). In these kidneys the diameter of the glomeruli varied in the course of the 

experiment between 91 and 105it, (on the average 99.6/1) 
compared to 68-  76/J inthe control rats (on the average 
72/a); the diameter of the tubules increased to 43 - 48/J 

//0 (average 45it ) compared to the average diameter of the 
Glomemli  I tubules in the control animals (34p). 

/~O Estimation of the blood non - protein nitrogen in 
~0 4 selected rats of the second series showed arbitrarily 

___~,~=~_. fir Proximal tubules that the non-protein nitrogen level varies within the 
. . . . . .  same range (25-  45 mg %, on the average 39mg %) as - - ~ Z a  

].. . .--- '-""" I in the normal control rats (21 -46mg%,  on the a~zerage 
6/] 37 mg~ 
I 

/ 50 The results of the second series of experiments 
/ ~ J  show that one and the same degree of stenosis of the 

/ -~-"-----~-7-'-.--7.--__ nutrient artery (0 .3-  0.35 ram) can lead to both atrophy 

' //3-1 ~5 ,]0 /5 /5 . . . .  o70 45 f /3--  and hypertrophy, depending on the requirements of the 
.230 2J0 body, as determined by the state of the other kidney. 

Time (in days) A hypertrophic kidney with a stenotic artery - just as 
- l . . . .  2 - - - - 3  a hypertrophic kidney with an intact artery - is able 

Fig. 2. Experimental stenosis produced simultaneously to sustain a state of  compensation for a relatively long 
in both renal arteries. The pattern of changes in the period, as shown by the fact that the non-protein nitro- 
size of the glomeruli and the tubules (the average dia- gen is kept on a level very close to the normal level ob- 
meters are given in tt ). 1) Kidney in whiehthe renal served in the control of  animals and by the long l ifewhich 
artery had been rendered stenotic to a diameter of lasted up to 230 days. At later stages of the experiment 
0.3 - 0.35 ram; 2) kidney in which the renal artery had necrotic nephrosis develops in the hypertrophic kidneys 
been rendered stenotic to a diameter of 0.26ram; 3) with stenotie arteries (second series) just as in the hyper- 
kidney of  a control rat. trophic kidneys with intact arteries (first series). 

I I I .  E x p e r i m e n t s  I n v o l v i n g  t h e  P r o d u c t i o n  o f  S t e n o s i s  in  t h e  R e n a l  A r t e r i e s  o f  K i d n e y s  
W h i c h  H a d  E a r l i e r  U n d e r g o n e  H y p e r t r o p h y  

In the third series of experiments we studied the influence of experimental stenosis produced in the renal artery 
upon the hypertrophic kidney in 15 rats. To produce hypertrophy in one of  the kidneys a spiral with a spire diameter 
of 0.24- 0 .26mm was pulled over the renal artery of the contralateral kidney. After 27-60  days, the ischemic kid- 
ney became hypertrophic. At this stage a stenotizing spiral with a spire diameter of 0.3 - 0.35 mm was pulled over 
the artery of  the hypertrophic kidney, which spiral had produced atrophy of the kidney in the first series of experi- 
ments. 

Notwithstanding stenosis of the renal artery the hypertrophic kidney did not undergo atrophy, but as a rule, the hy-  
pertrophy became more intensive. The size of the hypertrophic kidneys at me moment the stenosis was produced in 
the renal artery varied between 17.5 X 10 x 8 mm and 19.5 • 10 x 8 mm (average values 18.5 • 10 X 8.5 mm); 69 days 
after the second operation - at the moment  of the animals '  d e a t h -  the kidneys showed a further increase in size 
reaching 20 x 13 • 1 0 m m  and up to 23 X 12 • 11mm (average 20.8 x 12.7 x 10.4ram). 

Histological investigation revealed that the continued increase in size, observed in the previously hypertrophic 
kidneys after their renal artery had been rendered stenotic, was caused by an increase in the size of the glomeruli 
and the tubules. The diameter of  the tubules increased - compared to the normal values (control group) - on the 
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average by 22#, and the diameter of the tubules, by 18/~; in this, just as in the preceding series of experiments, 
no disorders in the nitrogen excretion could be observed. 

The animals used for the third series of experiments survived on the average for 125 days. The decompensa- 
tion of the hypertrophic kidneys, the arteries of which had been rendered stenotic, usually occurred under symptoms 
of increasing necrotic nephrosis, similar to what had been observed in the hypertrophic kidneys in the first two 
series of experiments. 

The results of the third series of experiments show that - unlike the intact k idney-  the hypertrophic kidney 
does not respond with atrophy to the same degree of stenosis, produced in the nutrient artery, but that, as a rule, the 
hypertrophic process goes on. 

Our findings coincide with the results of Koletsky [3] who showed that a temporary complete ligation (for 2- 
3 hours) in one of the renal arteries in rats leads to the atrophy of the corresponding kidney and does not prevent its 
subsequent hypertrophy if the contralateral intact kidney is later removed. 

Our findings are also consistent with the experiments of Hinman [2] who showed that a temporary complete 
ligation (for 2-3 weeks) of the ureter leads to hydronephrosis and atrophy of the corresponding kidney but does not 
prevent its hypertrophy after the removal of the intact contralateral kidney. 

Summing up our experimental results we are able to establish the following main principle which governs the 
structural and functional changes in isehemic kidneys: one and the same degree of stenosis in the renal artery may 
lead to different functional and structural changes (atrophy or hypertrophy) depending on the requirements of the 
body, as determined by the state of the other kidney. 

We have reason to believe that the principle governing the structural and functional changes of ischemic kid- 
neys, established by us, is not of special character but represents a generaUy valid biological law, which law, after 
the accumulation of further factual material, might well prove valid for other ischemic tissue structures. 

SUMMARY 
Three series of experiments were staged on 60 white rats: I -  stenosing of the artery of one kidney; II - a simul- 

taneous but differing-in-degree constriction of the arteries of both kidneys; I I I -  stenosing of the arteries of formerly 
hypertrophied kidneys. Histological and laboratory -clinical investigation was carried out. Besides the size of t h e  
kidneys, glomeruli and tubules were determined to assess the degree of hypertrophy and atrophy. It is elicited that 
with the same degree of renal artery stenosis the structure and the function of the first kidney may vary (atrophy - 
hypertrophy)depending on the body requirements in connection with the condition of the second kidney. 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 

ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 

odical l i terature may  wel l  be avai lable  in Eng l i sh  translation. A complete list of the cover- to- 
cover English translations appears at the back of this issue. 
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