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In expe r imen t s  on albino r a t s  the content of zinc in the kidneys was studied po la rog raph i -  
ealty and i ts  his totopography was studied h is tochemica l ly  by the s i l ve r  sulfide method.  
The content of zinc in the renal  cor tex  was 4-5 t imes  higher  than in the medul la .  The h i s -  
tochemica l  method showed that zinc is  d is t r ibuted i r r egu l a r l y  in the kidney and is concen-  
t r a t ed  in s t r u c t u r e s  with the highest  functional act ivi ty.  The highest  concentrat ion of zinc 
is found in the cy top lasm of ce l l s  of the jux tag lomeru la r  appara tus ,  in the b rush  b o r d e r  of 
cel ls  in the p rox ima l  por t ion of the nephron,  in the ascending pa r t  of the loop of Henle, and 
in the cy top lasm of cel ls  in the dis ta l  port ion of the nephron.  After  uni la tera l  nephrec tomy 
the zinc content in the rena l  cor tex  rose  cons iderably  during the f i r s t  days a f t e r  the ope ra -  
tion, but a f t e r  complet ion of hyper t rophy of the res idua l  kidney it fell  to i ts  init ial  level .  

Zinc is a t r ace  e lement  with an impor tan t  ro le  in cell  me tabo l i sm [2]~ It is an e s sen t i a l  meta l l i c  
component  of ce r ta in  enzymes  [8, 9] and an ac t iva to r  of hormones  and of ce r ta in  enzymes  of which it is not 
a component  [4]. A study of zinc me tabo l i sm  in var ious  organs  has shown that i ts  content is higher  in the 
endocrine glands than in o ther  o rgans  [2]. The degree  of accumulat ion of zinc in the cy top lasm of the endo- 
crine cei ls  is d i rec t ly  propor t iona l  to the i r  functional act ivi ty [5]. 

An inc rease  in the zinc concentrat ion is also obse rved  in some cell  s t r u c t u r e s  whose function r e -  
quires  the act ive par t ic ipa t ion  of enzymes  [6]. 

In the access ib le  l i t e ra tu re  no r e su l t s  of invest igat ions to study the his totopography of zinc in the 
Mdneys could be found. Informat ion was given only on the total  zinc content in the kidneys of ce r ta in  ani-  
mals  [2, 4]. This  informat ion  is inadequate, if  only for  the r e a son  that the cor tex  and medul la  of the kidney 
differ  f r o m  each other  both functionally and morphologica l ly .  

Since the jux tag lomeru la r  appara tus  p o s s e s s e s  an endocrine function and since enzymes  par t ic ipa te  
An r eabso rp t ion  in the tubules of the nephron [10], the study of the his totopography of zinc in the kidney is 
of cons iderable  in te res t .  

The object  of the invest igat ion descr ibed  below was to study the content and dis t r ibut ion of zinc in 
the kidneys under n o r m a l  conditions and during i nc rea sed  functional act ivi ty of the nephrons  and juxtaglo-  
m e r u l a r  appa ra tus .  

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

Exper imen t s  were  c a r r i e d  out on 30 male  albino r a t s  weighing 100-120 g. To inc rease  the intensi ty 
of function of all  pa r t s  of the nephron,  uni la tera l  nephrec tomy was p e r f o r m e d  on the exper imen ta l  an imals  
(the r ight  kidney was r em oved  f rom 15 and the left f r o m  another  15 ra t s ) .  The kidneys which were  r e -  
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Fig,  1 Fig.  2 

Fig.  1. React ion for zinc in the renal  cortex of an albino rat .  Photomicrograph 400 x. Silver 
sulfide method. Counterstained with hematoxylin~ 

Fig.  2. Reaction for  zinc in renal  cortex of albino ra t  5 days after  unilateral  nephrectomy.  
High concentrat ion of zinc in ceils of juxtaglomerular  apparatus and in brush border  of cells in 
proximal  port ion of nephron. Photomicrograph,  400• Silver sulfide method, counterstained 
with hematoxylin.  

moved were used as the controls .  The ra t s  were  sacr i f iced 5, 10, and 50 days after tl~e operation.  The 
kidneys investigated (including the controls) were  subjected to histological and his tochemical  tests  for  the 
detection of zinc. The total zinc content in the kidneys was determined polarographical ly  [1]. For  this 
purpose small  pieces were  taken separately  f rom the cortex and medulla of each kidney, incinerated, and 
the zinc in the ash was then est imated.  Zinc was demonstra ted his tochemical ly in other pieces of kidney 
by the s i lver  sulfide method [7]. The essence of this method is that by fixation in 70 ~ alcohol saturated with 
hydrogen sulfide the zinc in the t issues  is converted into zinc sulfide, an active catalyst .  If mater ia l  fixed 
in this way is t reated with a reagent  consisting of a solution of hydroquinone, gum-arab ic ,  and si lver  nitrate,  
the s i lver  salt is reduced and deposited as brown granules  in regions r iches t  in zinc. 

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

The mean relat ive weight of the removed (control) kidneys was 400 =~ 9 mg. 

Determinat ion of the zinc content by the polarographic  method showed that it is considerably higher 
in the cortex than in the medulla. The content of zinc in the cort ical  t issue was 2.27 :~ 0.5 mg%, but in the 
medulla it was only 0.57 a= 0.5 rag%. 

In sections t rea ted  by the s i lver  sulfide method and stained with hematoxylin all the histological s t ruc -  
tures  of the kidney were  c lear ly  defined. Brown granules  of reduced silver,  indicating the localization of 
zinc, were  distr ibuted mainly in the histological s t ruc tures  of the cortex, c lear ly  distinguishable by its 
darker  staining. 

The section i l lustrated in Fig.  1 shows that the zinc concentration was highest in the cytoplasm of 
the granular  cells of the afferent ar ter io le  of the renal  glomerulus  and the dense spot of the nephron. Later  
an increased  zinc content was also found in the region of the brush border  of the principal  par t  of the ne- 
phron. In the cell cytoplasm in the acces so ry  par t  of the ncphron and in the ascending part  of the loop of 
Henle there was also an increased  content of zinc, although its distribution here was diffuse. Only a small  
quantity of zinc was found in the descending par ts  of the loop of Henle and in the collecting tubules, so that 
the renal  medulla appeared much paler  than the cortex.  

The assumption that the zinc content was increased  in the juxtaglomerular  apparatus was accordingly 
confirmed. This increased  accumulat ion of zinc In the juxtaglomerular  complex is fur ther  evidence of the 
endocrine nature of this s t ruc ture .  
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The next pa r t  of the invest igat ion was to study zinc me tabo l i sm in the kidneys when the i r  functional 
load is inc reased  (after  uni la tera l  nephrec tomy) .  In these exper imen t s  the mean weight of the kidney 5 days 
a f t e r  the operat ion was 450 ~= 5 mg, 10 days a f t e r  it was 550 -~ 8 mg, and 20 days a f t e r  the opera t ion  600 ~- 
7 rag. Twenty days a f t e r  the opera t ion the weight  of the kidney thus showed a compensa to ry  increase  of 
50%. 

The zinc content in the cortex of the residual kidney 5 days after the operation averaged 3 • 0.3 rag%, 
i0 days after the operation'2.5 :~ 0.8 rag%, and 20 days after the operation 2 ~- 0.8 mg%. 

Clearly, therefore, during the first days after unilateral nephrectomy the zinc content in the cortex 
rose sharply, after which it fell gradually, returning to its initial level after 20 days. 

It is interesting to note that the increase in the zinc content in the kidney after unilateral nephrectomy 
was confined entirely to the cortex. Its content in the medulla remained approximately the same as in the 

control (0.5-0.6 mg%). 

The distribution of zinc in sections from the residual kidney stained by the silver sulfide method 5 
days after unilateral nephrectomy was the same as in the control kidneys. However, its concentration in 
the cell cytoplasm of the juxtaglomerular apparatus and in the region of the brush border of the cells in the 
principal part of the nephron was considerably higher, and the brush border itself was wider (Fig. 2). 

The zinc content in the histological structures of the kidney 20 days after unilateral nephrectomy was 
about the same as in the control kidneys. 

The results of this investigation show that zinc is localized in the kidney mainly in the cytoplasm of 
ceils belonging to the juxtaglomerular apparatus, with an endocrine function, and in those parts of the 
nephron which are responsible for reabsorption. The concentration of zinc in these structures is increased 
to correspond to the increased functional activity of those portions of the nephron. 
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