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Hyper t rophy  of the adrena l  co r tex  has  not been adequate ly  studied. There is  no unanimity  in the l i t e r a -  
ture  about i t s  nature ,  and some w r i t e r s  d e s e r i b e  as  hype rp t a s i a  s t a t es  in which the number  of c e l l s  is  not in- 
e r e a s e d ,  o r  no i n c r e a s e  has  been p roved  [4, 9]. Desc r ip t i ons  of hyper t rophy  in mos t  e a s e s  a r e  qual i ta t ive  in 
c h a r a c t e r ,  and not al l  i nve s t i ga to r s  have d e s c r i b e d  a change in the width of the individual c o r t i c a l  zones and in 
t he i r  weight [1, 3, 5, 8]. 

In e s s e n t i a l  hyper tens ion  (EH) and, in p a r t i c u l a r ,  in i ts  "benign" form, the weight of the a d r e n a l s  and the 
volume of the nuclei  and nueteoli  of the zona g l o m e r u l o s a  and zona f a s e i c u l a t a - z o n a  r e t i c u l a r i s  (ZG and ZFR, 
r e spec t i ve ly )  of the cor tex  are  i nc r ea sed  [10]. To continue the study of the p r i n c i p l e s  of development  of ad ren-  
oeo r t i e a l  hyper t rophy ,  the human and ra t  a d r e n a l s  were  invest igated during l o n g - t e r m  functional loading a s -  
soe ia ted  with d i s t u r b a n c e s  of regula t ion  of the blood p r e s s u r e  and wa te r  and sal t  me tabo l i sm.  

EXPERI~MENTAL METHOD 

The a d r e n a l s  of ten r a t s  of the Okamoto Aoki Strain with gene t ica l ly  de t e rmined  spontaneous hyper tens ion  
(SHR), of 20 pa t i en t s  with "benign" EH (BEH) dying f rom c e r e b r a l  he m or r ha ge  or  m y o c a r d i a l  infarct ion,  of 9 
pa t i en t s  with "mal ignant"  EH (NEH), dying f rom rena l  fa i lure ,  and of 12 ch i ldren  with the s a l t - l o s i n g  form of 
the adrenogent ta l  syndrome (SLF AGS), dying with s i m i l a r  man i fes t a t ions  of w a t e r - e l e c t r o l y t e  d i s t u rbances  
between the ages  of 1 and 6 months were  inves t iga ted  (in SLF AGS the inborn 21-hydroxy lase  b lock leads  to a l -  
dos te rone  and c o r t i s o l  def ic iency,  which is accompanied  by a s a l t - l o s i n g  syndrome  and a high p l a s m a  ACTH 
level) .  A d r e n a l s  of 10 Wis ta r  r a t s  and 10 noninbred r a t s ,  of 15 heal thy p e r s o n s  dying f rom acc identa l  c ause s  
with a min ima l  t e r m i n a l  per iod ,  and of 7 bab ies  dying  f rom mechan ica l  asphyxia  const i tu ted the control  groups .  
The a d r e n a l s  were  weighed. In paraf f in  sec t ions  5 # thick, s ta ined wit h hematoxyIin  and eosin,  the a r e a  of ZG 
and ZFR of the adrena[  cor tex  was m e a s u r e d  with occu la r  gr id ,  and also by t rac ing  the out l ines  of the zones by 
means  of a drawing appa ra tus  on squared  paper .  Nuclei  and nucleoli  were  t r a c e d  in the same way under  a mag-  
nif icat ion of the m i c r o s c o p e  of 1350, and t h e i r  volumes  were  ca lcu la ted  by the equat ions for  a sphere  and an 
e l l i p se  (for 50 nuclei  with nueleol i  in each zone of the cor tex  of the human adrenal  and 30 nuclei  in the case  
of ra t s ) .  

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

In SHR r a t s  an i n c r e a s e  in weight of the ad rena l s  and in the vo lumes  of the nuclei  (Vn) of the ZG ce l l s  
and of the nucleol i  (Vno) of both zones  was found. The nuc leo -nuc leo la r  ra t io  (NNR) was s igni f icant ly  reduced 
in the zona f a sc i cu l a t a  (ZF) (34.93 and 21.66; P < 0.001). 

In both f o r m s  of EH the weight of the ad rena l s  was i n c r e a s e d  but the ra t io  between the a r e a s  of ZG a n d  
ZF was unchanged, i .e . ,  t he i r  hype r t rophy  was c o m p a r a t i v e l y  uniform. No signs of hype rp l a s i a  could be found. 
The vo lumes  of the nuclei  and nucleol i  in both zones of the cor tex  were  i nc r ea sed  in BEH by about twice,  and 
a lmos t  to an equal degree ,  so that  the va lues  of NNR di f fered  only a l i t t le  f rom the control .  In MEH the nuclei  
in both zones  of the cor tex  were  en la rged  about 3 t imes ,  and the nucleott  5 t imes ,  so that NNR was lower  than 
in the cont ro l  and in BEH (P < 0.01 and <0.05, r e spec t ive ly ) .  

C o r r e l a t i o n  a n a l y s i s  r evea l ed  m o d e r a t e l y  s t rong o r  weak c o r r e l a t i o n s  in the control  groups  of r a t s  b e -  
tween Vn and Vno in both zones of the cor tex ,  and in SHR r a t s  s t rong c o r r e l a t i o n s  were  found between V n and 
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Fig. 1. Correlations between parameters of adren- 
al c o r t e x .  A) con t ro l ;  B) BEH; C) MEH. 1) Vn of 
ZG; 2) Vno of ZG; 3) NNR in ZG; 4) a r e a  of ZG; 5) 
V n of ZF;  6) Vno of Z F ;  7) NN!R in ZF ;  8) a r e a  of  
ZF ;  9) we igh t  of a d r e n a l s .  

F ig .  2. M i t o s i s  in ce l l  in Z F  of a d r e n a l  of a p r e m a -  
t u r e  infant  ( h e m a t o x y l i n  and eos in ;  1200 x).  

Vno in Z F  (r  = +0.82).  C o r r e l a t i o n s  be tween  p a r a m e t e r s  of the a d r e n a l  c o r t e x  in au topsy  m a t e r i a l  in the con-  
t r o l  s e r i e s  w e r e  weak  o r  absen t .  In BEH m o d e r a t e l y  s t r o n g  p o s i t i v e  c o r r e l a t i o n s  a p p e a r e d  be tween  Vn and 
Vno in both z o n e s  (r  = +0.63 in ZG and r = +0.66 in ZF) ,  w h e r e a s  in ~ E H  s t r o n g  p o s i t i v e  o r  nega t ive  c o r r e l a -  
t ions  w e r e  o b s e r v e d  be tween  a l m o s t  a l l  the p a r a m e t e r s  of the  a d r e n a l  c o r t e x  s tud ied ,  i .e . ,  not  on ly  wi th in  the 
zones ,  but  a l so  be tween  t hem (Fig .  1). 

In S L F  AGS the we igh t  Of the a d r e n a l s  was  i n c r e a s e d  by  2-6  t i m e s .  As a ru l e  ZG was  p r e s e n t  in the  f o r m  
of  s e p a r a t e  i s l e t s ,  and the bulk of  the a d r e n a l  c o r t e x  c o n s i s t e d  of Z F .  A few c e l l s  of the  f e t a l  c o r t e x  w e r e  d i f -  
f u s e l y  s c a t t e r e d  th roughou t  the a r e a  of  the de f in i t i ve  c o r t e x .  H y p e r t r o p h y  of the  nuc le i  w a s  o b s e r v e d  in both 
zones ,  but  it  was  m o r e  m a r k e d  in Z F  and w a s  c o m b i n e d  with n u c l e a r  p o l y m o r p h i s m  and h y p e r c h r o m a t i s m .  In 
two c a s e s  m i t o s e s  w e r e  found in c e l l s  of Z F  in an infant  17 days  a f t e r b i r t h  a t  t e r m ,  and in a p r e m a t u r e  infant  
aged  1 month  (F ig .  2). B e s i d e s  the nuc le i ,  the nuc l eo l i  a l so  w e r e  e n l a r g e d  ( i n c r e a s e d  in vo lume  and number ) ;  
in Z F ,  m o r e o v e r ,  the n u m b e r  of n u e l e o l i  coun ted  p e r  c e l l  was  s i g n i f i c a n t l y  g r e a t e r  than  in ZG. The quan t i t y  
of  " n u c l e o l a r  m a t e r i a l "  ( t h e  sum of  the  v o l u m e s  of the  nuc l eo l i  in the ce l l )  w a s  i n c r e a s e d  in ZG m a i n l y  on a c -  
count  of an i n c r e a s e  in t h e i r  v o l u m e s ,  but  in Z F  on accoun t  of an i n c r e a s e  in t h e i r  n u m b e r .  Changes  in the 
ce l l  nuc le i  of ZG thus  po in ted  to h y p e r t r o p h y ,  w h e r e a s  in Z F  both h y p e r t r o p h y  and h y p e r p l a s i a  w e r e  o b s e r v e d .  
The i n c r e a s e  in the  quan t i t y  of " n u c l e o l a r  m a t e r i a l "  in both z o n e s  e x c e e d e d  the i n c r e a s e  in the  v o l u m e s  of 
the  nuc le i .  

Dur ing  l o n g - t e r m  func t iona l  load ing  s o m e  g e n e r a l  p r i n c i p l e s  of  h y p e r t r o p h y  of  the a d r e n o c o r t i c a l  c e l l s  
w e r e  thus  d i s c o v e r e d .  They  w e r e  b a s i c a l l y  s i m i l a r  to those  d i s c o v e r e d  p r e v i o u s l y  fo r  r e g e n e r a t i v e  h y p e r -  
t r o p h y  a s  a whole ,  a l l owing  fo r  age d i f f e r e n c e s  [6, 7]. In SHR r a t s  and in the  v a r i o u s  f o r m s  of EH the h y p e r -  
t r o p h y  i s  the  p r i n c i p a l  f a c t o r ,  and in man ,  p o s s i b l y ,  the on ly  f a c t o r  d e t e r m i n i n g  the i n c r e a s e  in we igh t  of  the  
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cortex. Hyperplasia  of the cells, however, was found during the period of growth and formation of the defini- 
tive cortex, when the plasma ACTH level was high in SLF AGS. Hyperplasia  of the ceils  in ZF evidently is 
accompanied by hyperplasia  of the int racel lular  s t ructures ,  as was shown in par t icular  by a proport ional  in- 
c rease  in the number of nucleoli. In ZG, where hyperplasia  was not present ,  only the volume of the nucleol[ 
was increased.  

These differences in the degree of hypert rophy of the nuclei and nucleoli may be attributed to differences 
in the intensity of adrenocort ieal  function in different pathological s tates [2]. In BEH, for instance, hyper-  
trophy of the nuclei and aucleoli in ZG and ZF was proportional,  but in MEH and SLF AGS the increase  in the 
volumes of the nucleoll was g rea te r  and [t preceded the increase  in volumes of the nuclei. Similar changes 
also were observed in ZF of the adrenals  in SHR rats.  The increased functional load on the adrenoeort ieal  
cells and, in par t icular ,  the secondary hypera ldos teronism in iMEH and in 15-20% of cases  of BEH [11-13] are 
reflected, on the one hand, in their  hypert rophy and, on the other  hand, in the s t ronger  cor re la t ions  between 
the morphological  p a r a m e t e r s  of these cells  (s t ronger  cor re la t ions  between elements  of the system c o r r e -  
spond to an increase  in the functional load on it). 

It can thus be concluded f rom this investigation that hyper t rophy of the adrenocort tca[  ceils  during func- 
tional loading is the principal  cause of the increase in weight of the cortex. At an ear ly  age the weight of the 
cortex can also increase  in another way, by an increase in the number of cells.  
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