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To de te rmine  the degree  to which the var ious  zones of the adrenal  cor tex  par t ic ipa te  in fo r -  
mat ion of the physiological  rhythm of s te ro id  synthes is ,  the method of quanti tat ive h is toen-  
zymologic  analys is  was used.  Activi ty of 3/3-OH-steroid  dehydrogenase ,  g lucose -6 -phos -  
phate dehydrogenase ,  NAD- and NADP-d iaphorases ,  acid and alkaline phospha tases ,  and non- 
specif ic  e s t e r a s e  Was invest igated.  The resu l t s  of the his toenzymologic  investigation were  
compared  with those of b iochemica l  ana lys is  of co r t i cos t e ro ids  in the pe r iphe ra l  blood. The 
resu l t s  showed that under  physiological  Conditions s te ro id  fo rmat ion  is s t imulated by mobi l -  
izat ion of individual groups of cel ls  and not of the whole adrenal  pa renchyma .  The phys io-  
logical rhythm of s teroid  synthes is  is maintained by the in tegra ted  function of all  the zones; 
however ,  s t ruc tu ra l  he te rogenei ty  for  the durat ion and quantitat ive express ion  of s e c r e t o r y  
act ivi ty is observed  in the adrenal  cortex~ 
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Until recent ly  b iochemica l  ana lys is  has played the leading role  in the study of the adrenal  cor tex .  
However ,  b iochemica l  invest igat ions give an idea only of cor t ica l  sec re t ion  as a whole and do not show 
the morphologica l  s t ruc tu re s  respons ib le  for  it. His toenzymic  analysis  is a method that can revea l  c o r r e -  
lation between s e c r e t o r y  act ivi ty  and p a r t i c u l a r  morphologica l  subs t r a t e s .  I ts  use to study the adrenal  c o r -  
tex is pa r t i cu l a r ly  p romis ing ,  for  the b iosynthes is  of s t e ro ids  has been adequately studied and methods 
worked out for  detect ing enzymes  respons ib le  for  var ious  s tages  of s te ro id  syn thes i s .  The subject ive  
e l emen t  introduced by v isua l  a s s e s s m e n t  of h i s toenzymic  t e s t s  can be o v e r c o m e  by the use  of m i c r o s p e c -  
t ropho tomet ry  [1, 2 ]. 

The object of this invest igat ion was to de te rmine  the degree  to which var ious  morphologica l  s t r uc tu r e s  
of the adrena l  cor tex  par t i c ipa te  in maintenance of the physiological  rhythms of s te ro id  synthes is .  The sex  
cycle  of an imals ,  during which fluctuation of the cor t i cos te ro id  level  both in the adrenal  t i ssue and in the 
pe r iphe ra l  blood has been es tab l i shed  b iochemica l ly  [3, 6, 8], was  used as the model .  Quanti tat ive h i s t o -  
enzymic  analys is  was  used to e s t ima te  the functional s ta te  of the cor t i ca l  cel ls .  

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 20 female  albino ra ts  in different  p h a s e s  of the e s t ru s  cycle  (5 
an imals  in each phase) .  The act ivi ty  of the following enzymes  was de te rmined  in 10-# c ryos t a t  sect ions:  
g lucose -6-phospha te  dehydrogenase  (G6PD), 3 f l -OH-s te ro id  dehydrogenase  (3fi-OH-SD), NAD- and NADP- 
d iaphorases ,  acid and alkaline phosphatases ,  and nonspecif ic e s t e r a s e .  F o r  quanti tat ive a s s e s s m e n t  of the 
intensi ty of the h is toenzymic  tes t s  the MUF-5 m i c r o s p e c t r o p h o t o m e t e r  was used, with scanning in vis ible  
monochromat ic  light. The optical  densi ty of the react ion  products  was measu red  in seven pa r t s  of the c o r -  
tex (Fig. 1)o The concentra t ion of 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)  was de te rmined  s imul taneously  in 
the pe r iphe ra l  blood by gel .filtration ~ enabling both the sec re t ion  of f ree  cor t i6os te ro ids  and the degree  of 
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Fig. 1. Dynamics  of intensi ty of h is toenzymic  
reac t ions  in adrenal  cor tex  during e s t rus  c y -  
cle.  A) Glucose-6-phospha te  dehydrogenase;  
B) 3 f l -OH-s te ro id  dehydrogenase;  C) NAD- 
diaphorase;  D) acid phosphatase .  In A, B, C: 
1) outer  zona g lomerulosa ;  2) inner  zona glo- 
meru losa ;  3) outer  zone fasciculata;  4) middle 
z. fasciculata;  5) inner  z. fasciculata;  6) outer  
z. r e t i cu la r i s ;  7) inner  z. r e t i cu la r i s .  In D: 
G) zona g lomeru losa ;  F) z .  fasciculata;  R) z. 
r e t i cu la r i s .  Absc i s sa ,  phases  of cycle :  D) di- 
e s t rus ;  P) p r o e s t r u s ;  E) es t rus ;  M) me tes t rus ;  
ordinate,  pe rcen tage  of cel ls  with above - a v -  
e rage  densi ty  of reac t ion  products .  

the i r  binding with the p l a s m a  pro te ins  to be  studied 
[4, 5]. 

t rus  and a d e c r e a s e  in m e t e s t r u s - d i e s t r u s .  Meanwhile, in different  zones act ivat ion of the enzymic r e a c -  
tions we re  not synchronized and d i f ferences  in the i r  quanti tat ive a s s e s s m e n t  were  observed .  

Quanti tat ive analys is  of the ac t iv i ty  of a group of in t r ace l lu la r  enzymes  of the adrenal  co r t ex  thus r e -  
f lects  the level  of synthes is  of co r t i cos te ro ids .  The physiological  rhythm of s te ro id  synthes is  in the ad re -  
nal cor tex  is mainta ined by the in tegrated function of all  zones; however ,  in the duration and quantitat ive 
exp re s s ion  of s e c r e t o r y  act ivi ty,  marked  s t ruc tu ra l  he terogenei ty  is found in the cor tex .  Under  physiolo-  
gical conditions s t imulat ion of s te ro id  synthesis  is brought  about by mobil izat ion of only individual groups 
of ce l l s  and not  of the adrena l  p a r e n c h y m a  as a whole. 

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

Biochemical  ana lys is  revea led  cycl ic  changes 
in s te ro id  concentra t ion with a m a x i m u m  in the phase  
of p r o e s t r u s  (32.7 ~- 2.4) and a min imum in e s t r u s -  
m e t e s t r u s  (25.7 �9 0.9), in ag reemen t  with the findings 
of other  worke r s  [6, 7, 8]. Microphotometr ic  inves t i -  
gations revealed  cons iderable  fluctuations (by 1.5-2 
t imes) in the intensi ty of the reac t ions  in different  
cel ls  of the s ame  pa r t  of the cor tex .  The conclusion 
that enzyme act ivi ty  was changed was based  on a s ig-  
nificant (with a probabi l i ty  of not less  than 99%) in- 
c r e a s e  in the number  of cel ls  with an above -av e rag e  
intensi ty of the reac t ion .  All the enzymes  tested were  
detected in all  zones of the cor tex .  In the zona g lom-  
e ru losa  max ima l  act ivi ty  was attained by NAD-dia-  
phorase  and the hydrolyt ic  enzymes ,  whereas  act ivi ty 
of 3fl-OH-SD, G6PD, and NADP-diaphorase  was mini-  
mal  in that zone. In the zone fasc icula ta  and zona re t -  
i cu la r i s  high dehydrogenase  act ivi ty and low phospha-  
tase  act ivi ty were  observed .  Depending on the func- 
tional s tate  of the adrenal  co r t ex  as a whole, re la t ions  
between the intensi t ies  of the h is toenzymic  reac t ions  
var ied  in different  zones.  Fo r  instance,  with min imal  
synthes is  of s t e ro ids  (estrus) ,  3/3-OH-SD act ivi ty was 
mos t  ma rked  in the inner  third of the zona fasc icula ta  
and the outer  pa r t  of the zona r e t i cu la r i s ,  but during 
max imal  s te ro id-synthes iz ing  function of the cor tex  
(proest rus)  high act ivi ty of the enzyme was shifted in- 
to the middle and inner  pa r t  of the zone fasc icula ta ,  
and it was sharp ly  reduced in the zone re t i cu la r i s .  

The dynamics  of the intensi ty of the h is toenzy-  
mic reac t ions  during the e s t rus  cycle (Fig. 1) c o r r e -  
lated with the fluctuations in the blood l l - H C S  level .  
Cyclic changes in intensi ty of the enzymic  reac t ions  
were  obse rved  in all  zones and were  manifes ted  as an 
i nc rea se  in act ivi ty  of the enzymes  in p r o e s t r u s - e s -  
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