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QUANTITATIVE HISTOENZYMIC ANALYSIS OF THE 

ADENOHYPOPHYSIS AND ADRENAL CORTEX 

IN THE EARLY STAGES OF INVOLUTION 

B. A. Prochukhanov and T. I~ Eostovtseva UDC 612.674o33.015.1 + 612.674.53.015.1 

To assess  the changes in the neuroendocrine system during involution a method of quantitative 
histoenzymic analysis was used. Activity of NAD- and NADP-oxidoreductases, acid and alka- 
line phosphatases, glucose-6-phosphate dehydrogenase, and 3fl-OH-steroid and 11/3-OH- 
steroid dehydrogenases. Differences were found in the structural  and metabolic basis for 
physiological adjustments of the neuroendoerine system during the course of the estrous cycle 
in the early stages of involution. An initial reduction in t ransport  from cells to vessels  was 
demonstrated in the aging animals,  although functional activity of the intracellular organoids 
was preserved.  
KEY WORDS: cytospectrophotometry; histoenzymic analysis; adenohypophysis; adrenal 
cortex; age involution. 

Modern views on age changes in the neuroendocrine system {NES) are  based principally on the results of 
physiological and biochemical investigations [1, 4, 7]. Only a few morphofunctional studies using quantitative 
cytochemical analysis have been undertaken [6, 8]. In previous investigations the wri ters  showed that disturb- 
ances of hormonal homeostasis appear in rats  at the age of 12 �9 2 months, in the form of lengthening of the 
estrous cycle on account of diestrus and desynchronization of the cyclic function of the ovaries ,  adrenal cortex, 
and thyroid gland [310 

In this investigation an attempt was made to analyze the morphofunctional state of the adenohypophysis 
and adrenal cortex in the early stages of involution in order  to determine objective structural-functional cr i ter ia  
that could bring about the age disintegration of the NES discovered previously. 

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

Experiments were car r ied  out on 48 female albino rats aged 12 • 2 months (24 animals) and 4-5 months 
(24 animals) using 6 rats  for each phase of the cycle. The activity of the following enzymes was determined in 
cryostat  sections (10 p thick) through the pituitary and adrenal glands: NAD- and NADP-oxidoreductases (NADO~ 
NADPO) and acid (AcP) and alkaline (AlP}phosphatases; in addition, activity of glucose-6-phosphate dehydro- 
genase (G6PD) and 3fl-OH-steroid and l i f t -OH-s tero id  dehydrogenases (3fl-OH-SD, llfl-OH-SD) was de te r -  
mined in the adrenal. The intensity of the histoenzymic reactions was assessed quantitatively with the MUF-5 
microspectrophotometer  by scanning in visible monochromatic light. The numerical results  were analyzed by 
special program on the EC-1020 computer [5]. Besides estimation of the mean value and dispersion, mathe-  
matical analysis of the results  of cytospectrophotometry included comparison of histograms, giving the minimal 
percentage of cells in which enzyme activity changed during the transition from one phase of the estrous cycle 
to another [2]. 

Department of Pathological Anatomy, I. P. Pavlov First  Leningrad Medical Institute. (Presented by Aca- 
demician of the Academy of Medical Sciences of the USSI~ A. V. ~nol'yannikov.) Translated from Byulleten' 
Eksperimental 'noi Biologii i Meditsiny, Vol. 84, No. 11, pp. 606-609, November, 1977. Original ar t icle  sub- 
mitted March 30, 1977. 
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Fig. 1 Fig. 2 

Fig. Io Dynamics of enzyme activity in adenohypophysis of rats of two age groups during 
estrous cycle. D NADPO; lI) AIP; A) young animals; B) aging animals; i) ventral, 2) 
central, 3) dorsal part of adenohypophysis~ Abscissa, phases of estrous cycle: E) estrus, 
M) metestrus, D) diestrus, P) proestrus; ordinate, enzyme activity (in optical density units). 

Fig. 2. Dynamics of enzyme activity in adrenal cortex of rats of two age groups during 
estrous cycle, l) G6PD; If) 3/7-OH-SD; I) zona glomerulosa (outer); 2) zona fasciculata 
(middle); 3) zona reticularis ~mer). Remainder of legend as in Fig. i. 

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

Enzyme activity changed in all parts of the adenohypophysis of the young animals. Increased activity of 
the enzymes of energy metabolism (NADO, NADPO) was observed in 20-30% of cells in all parts of the adenohy- 
pophysis. In the ventral and dorsal parts, changes in enzyme activity were in the same direction. In the cells 
of the central part changes in cell function were in different directions: Both an increase and a decrease in 
enzyme activity were observed. In the central and dorsal parts, changes in enzyme activity were synchronized 
in the mitochondria and hyaloplasm, whereas in the ventral part activation of mitochondrial enzymes (the NAD- 
dependent group) in the phase of proestrus was accompanied by a decrease in enzyme activity in the hyaloplasm 
(the NAD-dependent group). In all zones of the adenohypophysis the cyclic character of the change in activity 
of the enzymes of energy metabolism was similar both in cells in contact with blood vessels and in intratrabec- 
ular cells. In all parts of the adenohypophysis high AeP and AIP activity was observed in diestrus-proestrus 
(Fig. I, IIA), evidence of intensification of transport processes in the vessel wall (AIP) and of lysosomal func- 
tion of the adenohypophyseal cells (AcP). 

In the adrenal cortex of the young rats the dynamics of activity of the enzymes of energy metabolism 
(NADO, NADPO, G6PD) was as follows: In the zona glomerulosa enzyme activity was changed in 40% of cells, 
in the zona fascieulata in 50%, and in the zona reticularis in 80%. The characteristic feature of all energy en- 
zymes was a sharp change in activity in only one phase and maintenance of a relatively stable level during the 
rest (Fig. 2, IA). The reason for this character of the change in enzyme activity in all the zones was a uni- 
directional change in the functional state of the cells, whereas in the period of relative stabilization both an in- 
crease and a decrease in enzyme activity were observed in the cells. Zonal differences also were clearly de- 
fined in the cyclic fluctuations of activity of the enzymes of specific steroid synthesis (3fl -OH-SD, 11/7 -OII-SD). 
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A change in 3/3-OH-SD act iv i ty  in the zona g lomeru losa  was due to an i nc rea se  in the functional s ta te  of  40-5070 
of  the ce l l s ,  whe re a s  in the zona fasc icula ta  and zona r e t i cu l a r i s  the i nc r ea se  o c c u r r e d  in 20-30% of  cel ls .  In 
the c o u r s e  of the cyc le ,  3/3-OH-SD act iv i ty  r o s e  g radua l ly  during th ree  phases  (Fig. 2, IIA), and the a c c o m p a -  
nying changes in the s ta te  of the ce l l s  could be in e i ther  the s a m e  or  d i f ferent  d i rec t ions .  Cyclic changes in 
11/3-OH-SD act ivi ty  we re  brought  about in ,50-6070 of ce l l s  in the outer  p a r t s  of  the co r t ex ,  and in 30-4070 of 
ce l l s  in the inner  p a r t  of  the zona fasc icula ta  and in the zona r e t i cu l a r i s .  In the outer  pa r t s  of the co r t ex  
changes  in the functional s ta te  of  the ce l l s  were  a lways in the s a m e  di rec t ion ,  whereas  in the inner  pa r t s  l l f i -  
OE-Sq:) ac t iv i ty  in the ce l l s  could e i ther  i nc r ea se  or  d e c r e a s e .  

In the adenohypophysis  of  the aging an ima l s  a v e r y  smal l  d e c r e a s e  in the mean  ac t iv i ty  of  all  enzymes  
studied was obse rved  despi te  p r e s e r v a t i o n  of cycl ic  changes in the functional s ta te  of the cel ls  (Fig. 1, IB). 
However ,  the d i rec t ion  of the cycl ic  dynamics  va r i ed :  Activity of  the enzymes  of energy  m e t a b o l i s m  was d e -  
p r e s s e d  at  the beginning of the cyc le ,  whe reas  in young r a t s  it was act ivated.  A new m e c h a n i s m  of s t ruc tu ra l  
suppor t  for  the cycl ic  dynamics  of  the t ropic  functions of  the p i tu i ta ry  was revea led .  This was exp re s sed  p r i -  
m a r i l y  as  a d i s tu rbance  of  in tegra t ion of the functions of the d i f ferent  p a r t s :  a m o r e  m a r k e d  d e c r e a s e  in all  
c r i t e r i a  of  ac t iv i ty  in the ad renocor t i co t rop ic  zone than in the thyro t rop ic  and gonadotropic  zones.  For in -  
s t ance ,  a cycl ic  change in the act ivi ty  of  the enzymes  of energy  me tabo l i sm  in the ven t ra l  and cen t ra l  p a r t s  was 
brought  about by an i nc rea se  in the functional s ta te  of 40-5070 of the ce l l s ,  compa red  with only 20-3070 in the 
dorsa l  pa r t .  In all  p a r t s  of the p i tu i ta ry ,  but m o r e  espec ia l ly  the do r sa l ,  the cycl ic  c h a r a c t e r  of  the change in 
AlP ac t iv i ty  b e c a m e  l e s s  conspicuous and the f luctuations in its act iv i ty  amounted to only one fifth of those in 
the young r a t s  (Fig. 1, IIB). 

In the adrenal  co r t ex  of the aging ra t s  the mean  act ivi ty  of all  enzymes  tes ted  was the s ame  as in the 
young an imals .  Age d i f fe rences  w e r e  e x p r e s s e d  p r i m a r i l y  as  the a l m o s t  comple te  d i sappea rance  of the cycl ic  
djrnamics of  ac t iv i ty  of  the enzymes  of  energy  m e t a b o l i s m  (Fig. 2, IB), mainta ined by only 20-4070 of the ce l l s .  
No dis t inct  zonal d i f fe rences  such as  w e r e  c h a r a c t e r i s t i c  of the young an ima l s  could be de tec ted ,  but a re la t ive  
i n c r e a s e  in enzyme ac t iv i ty  was obse rved  in the zona r e t i cu l a r i s .  The magni tude of the cycl ic  changes in the 
ac t iv i ty  of  the enzymes  of speci f ic  s te ro id  synthes is  was s i m i l a r  to that in the young an ima l s ,  but in the old 
an ima l s  the d i rec t ion  and c h a r a c t e r  o f  the in terzonal  re la t ionship  were  a l te red .  Zonal d i f fe rences  in 3/3-OH- 
SD ac t iv i ty  tended to d i s a p p e a r :  The cycl ic  dynamics  was main ta ined  by 20-4070 of cel ls  in the whole cor tex .  
With r e s p e c t  to 11/3-OH-SD ac t iv i ty  the function of the zones  was comple te ly  r e v e r s e d :  The m a x i m a l  dynamics  
of  the enzyme (50-6070 of cells)  was  obse rved  in the inner pa r t s  of  the co r t ex  and min ima l  (30% of cells)  in the 
outer  p a r t s .  

During quant i ta t ive cy tochemica l  ana lys i s  of the p i tu i ta ry  and adrenal  co r t ex  in the an imals  of two age 
groups  changes  were  thus found in the s t ruc tu r a l  and metabol ic  bas i s  for  the m e c h a n i s m  of physiological  a d -  
jus tment  of  the NES (the e s t rous  cycle) in the ea r ly  s tages  of involution. Despite  p r e s e r v a t i o n  of the initial 
magni tude of the bas ic  metabo l ic  indices in both glands,  the cycl ic  dynamics  w e r e  caused  by a di f ferent  cel l  and 
t i s sue  subs t ra te .  The number  of  ce l l s  mainta ining physiological  fluctuations in the p r o c e s s e s  of ho rmone  syn -  
thes i s  was changed and the re la t ive  in tegrat ion of the in t raglandular  s t r u c t u r e s  was dis turbed.  For ins tance ,  
in the adenohypophysis  the re  was a re la t ive  d e c r e a s e  in the volume of the t i s sue  s t ruc tu ra l  changes in the 
ad renocor t i co t rop ic  zone c o m p a r e d  with the t h y r o -  and gonadotropic zones ,  whereas  in the adrenal  the function 
of the inner pa r t s  of the co r t ex  was ac t ivated.  In the p i tu i ta ry ,  a sharp  d e c r e a s e  in the cycl ic  dynamics  of AlP  

act iv i ty  was d i scovered ,  and was m o s t  m a r k e d  in the adrenocor t i co t rop ic  zone. Meanwhile p r e s e r v a t i o n  of 
high ac t iv i ty  of  the enzymes  inves t igated in both endocr ine  glands of  the aging an ima l s  is evidence of the a b -  
sence  of any in t r ace l lu l a r  functional o r  morpho log ica l  changes .  Depress ion  o f  the cycl ic  dynamics  of  ac t iv i ty  
of  the enzymes  re spons ib le  for  the initial s tages  of  s t e ro id  synthes is  (G6PD, NADPO) points to depress ion  of 
the cen t ra l  s t imula t ion  of  s te ro id  syn thes i s .  
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