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H I S T O C H E M I C A L  A N D  M O R P H O M E T R I C  C H A N G E S  

IN T H E  A D R E N A L  C O R T E X  D U R I N G  A C U T E  

V A S C U L A R  I N S U F F I C I E N C Y  

N. M. K o c h u b e i  UDC 612-008.46-036.11-07:616.453-091-07 

Art i f ic ia l  hypotension for  5 h produced in cats  by intravenous injection of Arfonad is a c c o m p a -  
n i e d b y d e p r e s s i o n o f a d r e n a l f u n c t i o n .  Insuff iciency of the adrenals ,  e spec ia l ly  of their  gluco- 
cor t icoid  function, in es tab l i shed  acute vascu la r  insufficiency can be in te rp re ted  as adaptation 
a imed speci f ica l ly  at mainta ining homeos tas i s .  

KEY WORDS: adrena ls ;  a r t i f ic ia l  hypotension; t issue enzyme profi le .  

The regulat ion of vascu la r  tone is la rge ly  p rede t e rmined  by the function of the adrenal  glands [2, 4]. 
Hence, there  is a need for  studying the morphologica l  and functional s ta te  of the adrenal  co r t ex  in acute va scu l a r  in- 
suff ic iency accompanied by hypoxia during the f i r s t  few hours [1, 6]. 

EXPERIMENTAL METHOD 

Experiments were carried out on male cats weighing 3.5-4 kg. For morphological study the adrenals 
were removed immediately and again 24 h after the end of a 5-h period of artificial hypotension produced by 
injection of a 0.1% solution of Arfonad. For comparison the adrenals of intact and anesthetized animals were 
studied. The dimensions of the ceils in all zones of the cortex were determined by drawing and weighing. 

The material was fixed in 10% neutral formalin and paraffin sections were stained with hematoxylin- 
eosin and with gallocyanin and chrome alum by Einarson's method. The content of lipids and activity of various 
enzymes (glucose-6-phosphate dehydrogenase, G6PD; fl-hydroxybutyrate dehydrogenase, fl-HBD; succinate de- 
hydrogenase, SD; lactate dehydrogenase, LD; NADH and NADPH dehydrogenases, NADH-D and NADPH-D; 
3/3-hydroxysteroid dehydrogenase, 313-HSD) were determined in sections from unfixed tissue. The RNA content 
and activity of the enzymes were estimated cytophotometrically. The numerical results were subjected to sta- 
tistical analysis by the Fisher--Student method. 

EXPERIMENTAL RESULTS 

Unlike in previous investigations of the adrenals of intact cats [7-9], their histochemical profile was 
studied. Predominance of direct oxidation of glucose in the hexose monophosphate shunt was found, as shown 
by the relatively high activity of G6PD, which participates in the initial stages of oxidation by this pathway 
(Fig. la).  

Another no less  important  pathway for  ca rbohydra te  oxidation is anaerobic  glycolysis ,  the impor tance  of 
which in the adrenal  cor tex  of cats  can be a s s e s s e d  by the re la t ive ly  high LD activity (Fig. lc).  The impor tance  
of other pathways of ca rbohydra te  oxidation, e spec ia l ly  the Krebs  cycle,  for  the eat  adrenals  is evidently 
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F ig .  1. G6PD and LD a c t i v i t y  in the a d r e n a l  c o r t e x :  a. c) in tac t  a n i m a l s ;  b; d) 
a f t e r  a r t i f i c i a l  h y p o t e n s i o n  for  5 h. N i t r o - B T  r e a c t i o n ,  112o5x. 

s m a l h  SD a c t i v i t y  d id  not  r e a c h  a high l eve l .  The  fl-HBD a c t i v i t y  in the ca t  a d r e n a l s  was  much  lower  than  the 
a c t i v i t y  of the  o the r  e n z y m e s  s tud ied .  

The  NADH-D and NADPH-D a c t i v i t i e s ,  r e f l e c t i n g  the i n t e n s i t y  of t e r m i n a l  ox ida t i on  p r o c e s s e s ,  w e r e  m o d -  
e r a t e l y  high on the  whole  and d i f f e r e d  when the a c t i v i t y  of the  e n z y m e s  was  c o m p a r e d  in the  v a r i o u s  zones  of 
the  a d r e n a l  c o r t e x .  

A c t i v i t y  of 3fl-HSD, an e n z y m e  c o n c e r n e d  in s t e r o i d  p r o d u c t i o n ,  was  d e t e c t e d  in the ca t  a d r e n a l s  in the  
zona  g l o m e r u l o s a  and zona  f a s c i c u l a t a :  The  i n t e n s i t y  of the r e a c t i o n  in the zona f a s c i c u l a t a  was  a l m o s t  twice  
tha t  found in the zona  g l o m e r u l o s a  (Fig.  3a). 

The  s tudy  of the d i s t r i b u t i o n  of the sudanoph i l i c  l i p i d s  showed that  the  zona  g l o m e r u l o s a  of the ca t  a d r e -  
n a l s  e o n t a i n e d v i r t u a l l y n o  sudanoph i l i c  m a t e r i a l .  The  i n t e r m e d i a t e  o r  s o - c a l l e d  sudanophob ie  zone was  a b s e n t  
and c e l l s  l oaded  with l i p id s  b o r d e r e d  d i r e c t l y  on the zona g l o m e r u t o s a .  The  l i p id s  w e r e  d i s t r i b u t e d  i r r e g u l a r l y  
be tween  the c e l l s  of the zona f a s c i c u l a t a ,  and t h e i r  t o t a l  con ten t  f e l l  g r a d u a l l y  in the d i r e c t i o n  t o w a r d  the zona  
r e t i c u l a r i s  {Fig. 2). 

D u r i n g  a r t i f i c i a l  hypo tens ion  t h e r e  was  a s i g n i f i c a n t  d e c r e a s e  in the s i z e  of the c e l l s  and t h e i r  nuc le i  in 
a l l  zones  of the a d r e n a l  c o r t e x  which  began  a f t e r  a d m i n i s t r a t i o n  of the h e x o b a r b i t a l  and con t inued  d u r i n g  the 
5 h of a r t i f i c i a l  h y p o t e n s i o n  (P < 0.1);  a s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  in the s i z e  of the c e i l s  was  found 24 h 
a f t e r  the end of the e x p e r i m e n t s  only in the o u t e r  l a y e r  of the zona  f a s c i c u l a t a  (P < 0.01). On v i s u a l  e s t i m a t i o n  
no d i f f e r e n c e  f r o m  the c o n t r o l  was  found in the d i s t r i b u t i o n  of l i p id s  among  the zones  of the a d r e n a l  c o r t e x .  
The  conten t  of l i p id s  i n c r e a s e d  s i g n i f i c a n t l y  in the  zona  g l o m e r u l o s a  and zona r e t i c u l a r i s  (P < 0.01) but  was  
v i r t u a l l y  unchanged  in the zona  f a s c i c u l a t a  (P >0.05).  

A f t e r  a r t i f i c i a l  h y p o t e n s i o n  for  5 h the DNA conten t  f e l l  s h a r p l y  c o m p a r e d  with  that  in the a d r e n a l  c e l l s  
of b o t h t h e  c o n t r o l  and the in tac t  a n i m a l s  (P < 0.05). Th i s  t endency  s t i l l  con t inued  24 h a f t e r  the end of a r t i -  
f i c i a l  hypo tens ion .  The  c l e a r e s t  changes  in the t i s s u e  e n z y m e  p r o f i l e  w e r e  o b s e r v e d  in the zona  f a s c i e u l a t a  of 
the  a d r e n a l  c o r t e x .  The  SD ac t iv i ty ,  r e d u c e d  a f t e r  a d m i n i s t r a t i o n  o f h e x o b a r b i t a l ,  r e a c h e d i t s  i n i t i a l l e v e l  du r ing  
a r t i f i c i a l  hypo tens ion .  The  r o l e  of g l y c o l y s i s  in the a d r e n a l  t i s s u e  of c a t s  is  much  g r e a t e r  than  the r o l e  of 
a e r o b i c  ox ida t ion .  Under  the e x p e r i m e n t a l  cond i t ions  LD a c t i v i t y  was  r e d u c e d  in the  zona  f a s e i c u l a t a  of the 
a d r e n a l  c o r t e x  (P < 0.1; F ig .  td) .  

A c t i v i t y  of NADH-D and NADPH-D i n c r e a s e d  a f t e r  a d m i n i s t r a t i o n  of h e x o b a r b i t a l ,  but d u r i n g  a r t i f i c i a l  
h y p o t e n s i o n  it was  at the i n i t i a l  l e v e l s .  A f t e r  5 h of a r t i f i c i a l  hypo tens ion  a c t i v i t y  of G6PD was  s i g n i f i c a n t l y  
r e d u c e d  in the zona f a s c i c u l a t a  of the  a d r e n a l  c o r t e x  (P < 0.1; F ig .  lb) ,  but 24 h a f t e r  the end of the  e x p e r i m e n t  
the G6PD a c t i v i t y  was  at  o r  even  h i g h e r  than  i t s  i n i t i a l  l e v e l  in a l l  p a r t s  of the  c o r t e x .  The  fl-t-IBD a c t i v i t y  in both  
l a y e r s  of the  zona  f a s c i c u l a t a  5 and 24 h a f t e r  the  end of a r t i f i c i a l  h y p o t e n s i o n  r e m a i n e d  at  hal f  i t s  i n i t i a l  
l eve l .  

730 



Fig. 2. Distribution of sudanophilic lipids in adrenal cortex:  a) in zona glomeru-  
losa of adrenals of intact animal; b) in deep parts  of zona fasciculata.  Sudan black 
B, 112.5x. 

Fig. 3. 3 fl -HSD activity in adrenal  cortex:  a) intact animal; b) af ter  ar t i f ic ia l  hy-  
potension for 5 h. Nitro-BT reaction, 112.5• 

Activity of 3 fi-HSD, a specific enzyme of s teroid formation, was reduced 1 h after administrat ion of hexo- 
barbital (P < 0.1),and it remained low 24 h after the end of art if icial  hypotension (Fig. 3b). 

The distr ibution of  all the enzymes studied in the ca t '  adrenals was charac te r ized  by distinct zonality. 
High G6PD, LD, and 3fl-HSD activity inthe adrenals of the male cats was combined with moderate  NADH-D and 
NADPH-D activity and with low SD and fi-HBD activity. 

The changes observed in the adrenals must be regarded as the resul ts  of the action of acute hypoxia ac-  
companied by acute card iovascular  failure. In these experiments,  when the action of the ganglion blocker led 
to c i rcu la tory  hypoxia, and the animals were under the influence of a general  anesthetic, the changes in the 
adrenals ought best to be regarded as the resul t  of mixed hypoxia [ 1]. 

Morphometr ic  indices of the ceils of the endocrine glands are known to reflect  their functional activity 
to a cer ta in  degree [5].  Accordingly, the significant decrease  in size of the adrenal cor t ical  cells of the cat 
during hypotension for 5 h can be interpreted, it seems,  as the resul t  of depressed  adrenal function under the 
experimental  conditions studied. This is confirmed also by the unchanged lipid content in the zona fasciculata  
of the adrenal cor tex and the tendency toward an accumulation of lipids in the zona glomerulosa  and zona 
re t icular is .  

The resul ts  of the cytophotometr ic  investigations showing a significant dec rease  in the RNA content and in the 
activity of the oxidoreduetases during mixed hypoxia were par t icular ly  distinct in the zona fascieulata of the 
adrenal cortex; taking into account the resul ts  of the morphometr ie  and histochemical  investigations, it can be 
concluded that the glucocort icoid function of the adrenal cortex is depressed under conditions of artificial  hypo- 
tension. Indices of depressed  adrenocort ical  function obtained by morphological methods of investigation do not 
contradict  the resul ts  of the present  experiments  showing virtually no change in the total p lasma 11-hydroxy- 
cor t ieos teroid  concentration, if allowance is made for the possible disturbance of its utilization by the t issues 
when c i rcu la tory  dis turbances are present  [3].  
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M I C R O S  PE C T R O P H O T O M E  T R I C  C H A R A C T E R I S T I C S  

OF R E N A L  E N Z Y M E S  IN A C U T E  C I R C U L A T O R Y  

F A I L U R E  

A. P.  K u r i l i n  UDC 616.8-009.831-06:616.61-008.64-07: 
616.61-008.931-074 

Activity of lactate,  succinate,  g lucose-6-phospha te ,  f i -hydroxybutyrate ,  NADH, and NADPH dehy- 
d rogenases ,  andof  alkaline and acid phosphatases  in the kidneys was invest igated in intact cats ,  
during hexobarbi ta l  anesthesia ,  af ter  hypotension produced by injection of a ganglion blocker  
(Arfonad) for 5 h, 24 h af ter  the end of ar t i f ic ia l  hypotension, and af ter  mass ive  blood loss.  All 
pa r t s  of the nephron responded by dif ferent ia l  changes of enzyme activity.  A sharp  dec r ea se  
in the role  of the pr incipal  pathway of oxidation (the Krebs  cycle) in energy  me tabo l i sm took 
place,  andunder  the conditions of c i r cu la to ry  hypoxia the glycotytic pathway and pentose shunt 
became predominant .  

KEY WORDS: acute vascu la r  fa i lure;  kidneys; enzyme activity.  

Acute sys temic  c i r cu la to ry  fai lure  (collapse),  of var ied  origin, frequently leads to acute rena l  insuffi-  
ciency [4, 6], which is based on c i r cu la to ry  hypoxia of the kidney and, it has been suggested,  a d is turbance of 
the function of ene rgy - fo rm i ng  sys t ems ,  espec ia l ly  of oxidoreductases  and hydro lases  [1-4,  6]. 

In this invest igat ion the dynamics  of act ivi ty of var ious  oxidoreduetases  and hydro lases  in the kidney was 
studied in the ea r ly  s tages  of acute c i r cu la to ry  fai lure  and af ter  blood loss .  

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

Oxidative and hydrolyt ic  enzymes  of the kidneys were  invest igated in 50 male cats  divided into four 
groups:  1) intact (8), 2) anesthet ized (10), 3) killed immedia te ly  af ter  ar t i f ic ia l  hypotension for 5 h, and 24 h 
af ter  its end (25), and 4) killed af ter  hypotension for 4 h, caused by blood loss  (6). The genera l  anesthetic,  a 
10~ solution of hexobarbi tal ,  was injected in t raper i tonea l ly  (0.1 g/kg). Art i f ic ia l  hypotension was produced in 
the anesthet ized animals  by intravenous dr ip  injection of a 0.1% solution of Arfonad or by repea ted  bleeding 
f rom the f emora l  a r t e ry .  The blood p r e s s u r e  fell  to 50% of its initial level,  at which it was maintained through- 
out the exper iments .  

To a s s e s s  the dynamics  of activity of ox idoreduc tases  and hydrolases ,  a s e r i e s  of eight enzymes  was 
chosen for  test ing:  lactate  dehydrogenase (LD), the most  important  enzyme of glycolysis ;  g lucose-6-phosphate  
dehydrogenase (G6PD), an indicator  of the intensity of glucose oxidation in the pentose shunt; succinate de-  
hydrogenase (SD), a h is tochemical  indicator  of the Krebs  cycle;  f l -hydroxybutyrate  dehydrogenase  (fi-HBD), 
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