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Six weeks a f te r  ad rena lee tomy ra t s  without compensa to ry  sa l t  and hormones  developed adrenal  
insufficiency,  the renin  act ivi ty  in individual f r agments  of isolated g lomeru l i  containing juxta-  
g l o m e r u l a r  cei ls  (JGC) was increased  on ave rage  by 1.5 t imes ,  and ren in- l ike  act ivi ty (RLA) 
was found in f r agments  containing mesang ia l  cei ls  (MC). Signs of inc reased  renin  sec re t ion  
(a dec r ea se  in the number  of g ranu les ,  marked  development  of the g ranu la r  endoplasmic  r e t i c -  
ulum, Golgi complex,~ and micro tubules )  were  observed  in JGC. The cor responding  organoids 
in MC were  well developed but no granules  were  found. After  8-12 weeks ,  on r e s to r a t i on  of the 
l l - H C S  and sodium levels  in the p l a s ma ,  renin  act ivi ty was r e s to r ed  to no rma l  in JGC, RLA 
d isappeared  in MC, and both types of cel ls  r e c o v e r e d  the i r  or iginal  u l t r a s t r u c t u r e .  The r e s e r v e  
role  of MC as a source  of ren in- l ike  subs tances  was conf i rmed .  
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r e s e r v e s .  

In ce r t a in  exper imen ta l  and cl inical  s i tuat ions the function of the jux tag tomerular  cei ls  (JGC) is subject  
to  s t r e s s .  To  ensure  the product ion of large quanti t ies of renin ,  the jux tag lomeru ta r  appara tus  mus t  evidently 
p o s s e s s  r e s e r v e  s t r u c t u r e s .  The suggest ion that  mesang ia t  cel ls  (MC) may  p e r f o r m  this role [4] has been 
conf i rmed by chronic  expe r imen t s  with i schemia  of the kidney [6]. If  this  is a t ru ly  r e s e r v e  function, it ought 
to be manifes ted  u n d e r  var ious  exper imen ta l  condit ions.  The wr i t e r s  have found ren in- l ike  act ivi ty (RLA) in 
these  cel ls  5 weeks a f t e r  ad rena lec tomy [7]. In the p re sen t  invest igat ion the dynamics  of this phenomenon was 
examined over  longer per iods  of observa t ion .  

E X P E R I M E N T A L  METHOD 

Wis ta r  ra t s  of both sexes  weighing 180-230 g were  adrena lec tqmized  in one s tage and t he r ea f t e r  kept on 
the ordinary  animal  house diet and given tap water  to dr ink  without any hormonal  r ep l acemen t  the rapy .  The 
su rv iva l  ra te  of the an imals  in the course  of the expe r imen t s  was about 90%. Intact  an imals  se rved  as con t ro l s .  
The exper imen ta l  an imals  were  killed during the f i r s t  6 weeks a f t e r  the opera t ion at weekly in tervals  and sub-  
sequently 2 and 3 months a f t e r  the beginning of the e x p e r i m e n t s .  Single g lomeru l i  were  isolated f r o m  the left 
kidney and sepa ra ted  by m i c rod i s s ec t i on  into a r t e r i o l a r  (where the JGC a re  located) and cap i l l a ry  (where the 
MC are  located) f r agmen t s ,  and renin  act ivi ty was de te rmined  in each  of t hem.  In para l l e l  expe r imen t s  m a t e -  
r ia[  was taken for  e l e c t r o n - m i c r o s c o p i c  observa t ions  and the blood p r e s s u r e  was  measu red  in the carot id  
a r t e r y  [5, 6]. The levels  of sodium and po tass ium (by f lame photometry) ,  a ldos terone  (by a radio immunologic  
method using kits f r o m  the f i r m  SEA-IRE'SOrin ,  F rance) ,  and l l - h y d r o x y c o r t i c o s t e r o i d s  ( l l -HCS)  (fluoro- 
me t r i ca l ly )  in the blood p l a s m a  were  de t e rmined .  

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

In the f i r s t  3 weeks a f t e r  the opera t ion the typical  p ic ture  of cor t icoid insufficiency developed:  a fall in 
the concentra t ions  of l l - H C S  and sodium,  d i sappearance  of a ldos te rone ,  lowering of the blood p r e s s u r e ,  and 
an inc rease  in the po ta s s ium concentra t ion  (Fig. 1). The blood p r e s s u r e  and po ta s s ium level l a t e r  re turned to 
no rma l  but the r emain ing  p a r a m e t e r s  st i l l  r emained  d e p r e s s e d  until 6 weeks a f te r  the operat ion,  and a ldos -  
te rone  was vi r tual ly  inde te rminab le .  Renin act ivi ty  (RA) in the a r t e r i o l a r  f r agmen t  was increased  1 week 
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Fig .  1. Dynamics  of physiological  indices during e x p e r i -  
m e n t .  Fil led symbols  indicate p l a sma  concentrat ions of: 
l l - H C S  {squares),  sodium (tr iangles) ,  and po tass ium (cir-  
c les) ;  empty  symbols  denote blood p r e s s u r e  {squares),  RA 
in a r t e r i o l a r  f r agments  {circles),  and I~LA in capi l la ry  f r a g -  
ments  ( t r iangles) .  C) Control ,  *) RLA found in 40% of s a m -  
p ies ,  **) I~LA found in 15% of s a m p l e s .  

a f t e r  the opera t ion on ave rage  by more  than 1.5 t i m e s ,  but bes ides  increased  RA, in some samples  I~A was 
below the control  va lue .  In the next 5 weeks its mean  level remained  about the s ame  (Fig. 1), but marked  
po lymorph i sm of the JGC was cha rac t e r i s t i c a l l y  found: Some cel ls  had a reduced number  of granules  and a 
modera t e ly  well marked  g ranu la r  endoplasmic  re t i cu lum (GER) and Golgi complex,  whereas  in other JGC 
there  were  absolute ly  no granules  but m a rked  hyper t rophy  and hyperp las ia  of these organel les  and the develop-  
ment  of micro tubules  was found. Other  worke r s  [8,12] observed the s ame  pic ture  in an expe r imen t  lasting 6 
days .  The morphology of cel ls  of this last  type is evidence that  they were  in a s ta te  of intensive sec re t ion  but 
without the phase of concentra t ion  of the hormone into g ranules ,  as is conf i rmed by evidence in the l i t e ra ture  
of a s h a r p  inc rease  in the p l a s m a  I~A and a dec r ea se  in the juxtaglomeru[ar  index in the exper imen ta l  model  
used [10,13]. These  d i f fe rences  in the u l t r a s t r uc tu r e  of JGC intensified toward the 6th week af ter  the o p e ra -  
t ion (Fig. 2a). 

In the cap i l l a ry  f r agmen t  containing MC, RLA was found 1 week af ter  the operat ion,  and during the f i r s t  
5 weeks it r ema ined  at  about the same  level .  In thei r  u [ t r a s t ruc tu re  the MC r e s e m b l e d  degranulated JGC : 
They contained an inc reased  number  of c r o s s - s e c t i o n s  of GEI~ and Golgi complex,  espec ia l ly  4-6 weeks af ter  
the operat ion,  and micro tubu les  appeared .  Hyperp la s i a  of the mi tochondr ia  was observed and po lysomes ,  
[y sosomes ,  and cy top lasmic  granules  of [ysosome- l ike  type were found more  often than no rma l ly  (Fig. 3a). 
Cha rac t e r i s t i c a l l y  in the i schemic  kidney, as studied previous ly  [6, 7], MC had the s a m e  u l t r a s t ruc tu re  at 
t imes  when I~LA could be found in the cap i l l a ry  f r agmen t .  The re la t ive ly  la ter  (than 3-4 weeks af ter  the ope r -  
ation) appearance  of I~LA in this model  Was at t r ibuted to the weaker  act ivi ty  of the JGC than af ter  a d r e n a l e c -  
tomy [7]. Intensive synthes is  and sec re t ion  of renin-[ ike  subs tances ,  proceeding without the phase of granule  
format ion ,  may  be cons idered  to have taken place in MC in the p resen t  expe r imen t s  a lso .  
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Fig.  2. U l t r a s t ruc tu re  of juxtaglomerular  cells: a) 6 weeks a f te r  operat ion;  f r agmen t  of 
cell  A : marked  hyperp las ia  of e lements  of GER with appearance  of e l ec t ron -dense  contents 
in lumen; f r agments  of cel ls  B, C, and D: dec rease  in number  and po iymorph i sm of renin  
granules  (x14,100); b) 12 weeks a f te r  operat ion:  r e s to ra t i on  of no rma l  number  and a p p e a r -  
ance of g ranu les ,  GER modera te ly  developed (• 9880); BG) renin g ranu le s .  

Fig.  3. U l t r a s t ruc tu re  of mesangia[  cel ls :  a) 5 weeks a f t e r  operat ion:  intensified deve lop-  
ment  of GEB with increased  number  of r i bosomes  on its m e m b r a n e s ,  hyperp ias ia  of m i t o -  
chondria  and micro tubules  (x 31,200); b) 12 weeks a f t e r  operat ion:  r e s to r a t i on  of normaI  cell  
u l t r a s t ruc tu r e ,  but number  and size of [ysosomes  increased  (• M) Mitochondria,  
L) l y sosomes ,  MT) mic ro tubu les .  
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In the 6th-12 week af ter  the operat ion gradual  r e s to ra t ion  of the l l - H C S  and sodium concentrat ions in 
the plasma was observed (Fig. 1). Without at tempting to discuss  the possible r e s e r v e  sources  of l l -HC S  
he re ,  it can be stated that these hormones  r e s t o r e  the plasma sodium level in adrenalec tomized animals [3]. 
tn this connection, activation of JGC induced at the beginning of the exper iment  ought to have dec reased ,  de-  
spite the continued absence of a ldos terone .  In fact ,  during this period RA in the a r t e r i o l a r  f ragments  fell to 
the control  values,  and in JGC there  was a tendency toward r e t u r n  to the original  s tate  (Fig. 2b), with a de-  
c rease  in the number of agranular  cei ls ,  RLA in the capi l lary  f ragments  fell  p rogress ive ly  almost  to zero  
(Fig. 1), and in MC the degree  of development of organoids of synthesis  and sec re t ion  was reduced (Fig. 3b). 
Most MC reve r t ed  to the i r  original  s ta te ,  except  that [ysosomes were  more  numerous  and l a rger  than no r -  
real ly.  Just as in i schemia  of the kidney [6], no organel les  were found that could be re l iably  identified as 
renin  granules ,  although in one MC 2 months af ter  the operat ion s t ruc tu res  s imi la r  to them in morphology 
were found. 

Some invest igators  [1,2,9] noted the appearance of two to four granules  in MC which they concluded were 
renin  granules ,  7, 25, and 75 days af ter  adrena lec tomy.  These  granules  were  morphological ly s imi la r  to 
some of the cytoplasmic par t ic les  found in MC in the present  investigation and identified as nonspecific,  for 
they appeared to be lysosomes at different  stages of development .  The problem of the renin  nature of the 
granules in MC at these t imes  af ter  adrenalee tomy cannot be regarded  as solved.  True  renin granules in MC 
have been demonstra ted only in long- te rm investigations (6 months) on cats [11] t rea ted  with glucocor t icoids .  
The durat ion (3 months) of the present  investigation was perhaps too shor t  for  renin to appear in MC in the 
granular  fo rm.  Consequently,  RLA in the capi l lary  f ragment  was found much sooner  than granules could have 
appeared in MC. 

This investigation thus conf i rms the r e s e r v e  ro le  of MC in the production of renin- l ike  substances in the 
presence  of yet another  type of load on JGC, namely in cor t icoid insuff iciency.  

The authors are  grateful  to N. N. Dyga[o, V. S. Posnyi,  and V. A. Shul'ge for  help with the invest iga-  
t ion.  
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