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H i s t o c h e m i s t r y  of S t e r o i d - 3 f l - o l  D e h y d r o g e n a s e  
in  the  H u m a n  A d r e n a l  C o r t e x  

H i s t o c h e m i c a l  m e t h o d s  for  d e m o n s t r a t i o n  of  cel l  e n -  
z y m e s  h a v e  b e e n  r e c e n t l y  a p p l i e d  to  t h e  s t u d y  of  t h e  
h u m a n  a d r e n a l  c o r t e x  so  a s  t o  o b t a i n  a b e t t e r  k n o w l e d g e  
of i t s  f u n c t i o n  u n d e r  n o r m a l  a n d  p a t h o l o g i c a l  c o n d i t i o n s .  
T h e s e  m e t h o d s  a r e  m o s t l y  c o n c e r n e d  w i t h  t h e  d e m o n -  
s t r a t i o n  o f  e n z y m e  a c t i v i t i e s  ( s u c h  a s  n o n  spec i f i c  l i pase  
a n d  e s t e r a s e ,  d e h y d r o g e n a s e s  of  t h e  K r e b s '  cyc le ,  I ) P N H  
a n d  T P N H  d i a p h o r a s e s ,  a c i d  a n d  a l k a l i n e  p h o s p h a t a s e s ) ,  
wh i ch  a r e  s u p p o s e d  to  be  i n d i r e c t l y  r e l a t e d  to  b i o s y n t h e s i s  
of s t e r o i d  h o r m o n e s ~ - a ;  m o r e o v e r ,  a s u i t a b l e  t e c h n i q u e  
h a s  b e e n  i n t r o d u c e d  for  d e m o n s t r a t i o n  of  a n  e n z y m e ,  t h e  
s te ro id -3f l -o l  d e h y d r o g e n a s e ,  w h i c h  c o n v e r t s  C1. ~ a n d  C21 
s t e r o i d s  w i t h  t h e  AS-3 /3 -hydroxy l  s t r u c t u r e  to  t h o s e  w i t h  
t h e  A 4 - 3 - k e t o n e  g r o u p i n g  c h a r a c t e r i s t i c  o f  m o s t  of  t h e  
a c t i v e  s t e r o i d  h o r m o n e s ~ - L  

B i o c h e m i c a l  r e s e a r c h e s  h a v e  s h o w n  t h a t  t h i s  s t e r e o -  
spec i f ic  e n z y m e  t a k e s  p a r t  in  a n  i n t e r m e d i a t e  s t e p  of  
s t e r o i d - h o r m o n e  s y n t h e s i s  w h i c h  l e a d s  t o  t h e  c o n v e r s i o n  
of p r e g n e n o l o n e  i n t o  p r o g e s t e r o n e  a n d  a n d r o s t e n o l o n e  
i n t o  a n d r o s t e n e d i o n e  ~0-a2 ; t h u s ,  i t  a p p e a r s  to  be  i n d i s p e n -  
s ab l e  fo r  t h e  p r o d u c t i o n  o f  a l l  t h e  c o r t i c a l  h o r m o n e s .  

I n  t h e  p r e s e n t  s t u d y ,  24 h u m a n  a d r e n a l  g l a n d s ,  s u r g i -  
ca l ly  r e m o v e d  f r o m  f e m a l e  p a t i e n t s ,  h a v e  b e e n  e x a m i n e d  : 
10 h a v i n g  b e e n  o b t a i n e d  f r o m  s u b j e c t s  w i t h  i n o p e r a b l e  
b r e a s t  c a n c e r ,  p a r t l y  f o l l o w i n g  p r e v i o u s  s t i m u l a t i o n  w i t h  
e x o g e n o u s  A C T H  (500 U . I .  f r a c t i o n e d  d u r i n g  t h e  5 p r e -  
o p e r a t i v e  d a y s ) ,  a n d  14 f r o m  p a t i e n t s  w i t h  C u s h i n g ' s  
s y n d r o m e ,  (one  c a s e  d u e  to  a t y p i c a l  a d e n o m a  a n d  13 to  
c o r t i c a l  h y p e r p l a s i a ) ,  g e n e r a l l y  t r e a t e d  p r e o p e r a t i v e l y  
w i t h  s m a l l  d o s e s  o f  co r t i so l  i n t r a m u s c u l a r l y  ( n o t  m o r e  
t h a n  100 m g ) ,  d u r i n g  3 d a y s  b e f o r e  t h e  o p e r a t i o n .  S u r g i c a l  

m a n i p u l a t i o n  w a s  r e d u c e d  to  a m i n i m u m ,  a n d  t h e  g l a n d s  
were  i m m e d i a t e l y  f rozen  a f t e r  r e m o w d .  

O n  c r y o s t a t - f r o z e n  5 ix s e c t i o n s  t i le  fo l l owing  h i s t o -  
c h e m i c a l  t e c h n i q u e s  h a v e  b e e n  e m p l o y e d :  for  s t e ro id -3 f l -  
ol d e h y d r o g e n a s e  t i le  m e t h o d  of  X, VATTFNI-IF;I~.C, 4 u s i n g  
0 .00 l  M - d e h y d r o e p i a n d r o s t e r o n e  a s  s u b s t r a t e ,  for  n o n  
spec i f i c  t i pase  G o m o r i ' s  m e t h o d  (rood.  b v  C V R m  la) a n d  
for  a l k a l i n e  p h o s p h a t a s c  t i le  c o b a l t  c a l c i u m  m e t h o d  ac -  
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Fig. 1. Sferoid-3fl-ot dehydrogenase activity of 'uornml'  hmnan t:ig. '2. Steroid-a/$-ol dehydrogenase activity of human adrenal 
adrenal cortex. ×~:io. cortex after ACTH stimulati~m. /. ~;t~. 
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The  g lands  r e m o v e d  f rom p a t i e n t s  w i th  b r e a s t  cance r  
w i t h o u t  p rev ious  ACTH s t i m u l a t i o n  h a v e  been  cons idered  
as f unc t i ona l l y  n o r m a l  on h a n d  of cl inical  a n d  l a b o r a t o r y  
d a t a ;  h is to logical ly ,  t h e y  showed  t he  t h r ee  classical  zones 
of the  cor tex ,  w i th  a clear  cu t  s e p a r a t i o n  of the  zona  
fa sc icu la ta  in to  an  o u t e r  c lear-cel led a n d  an  i nne r  da rk -  
celled layer .  H i s tochemica l ly ,  a d i f f e ren t  p a t t e r n  of dis- 
t r i b u t i o n  has  been  obse rved  acco rd ing  to t he  t y p e  of 
e n z y m e  s t u d i e d :  a s t r o n g  steroid-3fl-ol  d e h y d r o g e n a s e  
a c t i v i t y  was e v i d e n t  in t he  c lear  cells of t he  fasc icu lar  
zone and  a weak  one  in some cell grouF s of t he  g lomeru losa  
(Figure  1), whereas  non-speci f ic  l ipase and  a lka l ine  phos-  
p h a t a s e  were p r o m i n e n t  in the  d a r k  cells of the  zona  
re t icular is .  

A s h o r t - t e r m  in t ens ive  t r e a t m e n t  w i th  exogenous  ACTH 
has  increased  in these  g lands  the  w i d t h  of the  e n z y m e  
act iv i t ies ,  t o g e t h e r  wi th  a l ipid dep le t ion  of the  c lear  cells. 
The  steroid-3fl-ol  d e h y d r o g e n a s e  a c t i v i t y  was found  to  
s p r e a d  to  t he  whole  of t he  zona  fa se icu la ta  (F igure  2), 
whereas  the  non-specif ic  l ipase a n d  a lka l ine  p h o s p h a t a s e  

Fig, 8. Steroid-gfl-ol dehydrogenase activity in adrenal cortex of a 
patient with Cushing's syndrome, x 60. 

ac t iv i t i e s  e x t e n d e d  o u t w a r d s  up  to t h e  o u t e r  zona  fascicu- 
la ta .  

T h e  f ind ings  in cases of Cush ing ' s  s y n d r o m e  h a v e b e e n  
d i f f e ren t  accord ing  to  t h e i r  morpho log ica l  back -g round .  
In  the  s ingle case r e su l t i ng  f rom cor t ica l  t u m o u r  (ade- 
noma) ,  b o t h  c lear  an d  d a r k  t u m o u r  cells showed  a large 
q u a n t i t y  of all t h e  e n z y m e s  s t u d i e d ;  converse ly ,  the  
t u m o u r - f r e e  co r t ex  was ve ry  poor  or p rac t i ca l ly  free of 
enzymes .  

On t h e  o t h e r  h a n d ,  in cases r e su l t i ng  f rom h y p e r p l a s i a  
of t h e  a d r e n a l  cor tex ,  no  e v i d e n t  c h a n g e  in e n z y m e  dis- 
t r i b u t i o n  h a s  been  o b s e r v e d ;  general ly ,  t h e  steroid-3fl-ol  
dehyd rogenase ,  as well as non-specif ic  l ipase a n d  a lka l ine  
p h o s p h a t a s e ,  were w i t h i n  n o r m a l  l imi ts  (Figure  3). 

F r o m  t h e  resu l t s  ou t l ined ,  t h e  fol lowing conclus ions  
m a y  be  d r a w n  : 

(1) In  f u n c t i o n a l l y  n o r m a l  glands ,  t h e  p resence  of 
steroid-3fi-ol  d e h y d r o g e n a s e  in t h e  c lear  cells of t h e  fas- 
c icu la r  zone, as well as in cell g roups  of t h e  g lomerular i s ,  
s u p p o r t s  the  view t h a t  these  e l e m e n t s  are  d i r ec t ly  r e l a t ed  
to s t e r o i d - h o r m o n e  s y n t h e s i s  or, a t  least ,  to  a n  i n t e r m e d i -  
a t e  s t ep  of th i s  process.  Moreover ,  t h e  p resence  in t h e  
r e t i cu l a r  zone of some  e n z y m e  ac t iv i t ies ,  such  as n o n -  
specific l ipase a n d  a lka l ine  p h o s p h a t a s e ,  poses t h e  p r o b l e m  
of t h e  func t i on  of th i s  zone, as i t  m a y  be  exc luded  t h a t  i t  
is on ly  a zona consumptiva.  

(2) E x o g e n o u s  ACTH leads to a n  increase  of all  t h e  
e n z y m e  act iv i t ies ,  wh ich  shou ld  be i n t e r p r e t e d  as a sign of 
f u n c t i o n a l  s t i mu l a t i o n .  

(3) In  Cush ing ' s  s y n d r o m e  due  to cor t ica l  a d e n o m a ,  as 
expec ted ,  t h e  t u m o u r  cells a p p e a r  to  be v e r y  ac t ive ,  where-  
as t h e  t u m o u r - f r e e  co r t ex  is f u n c t i o n a l l y  a t  rest .  

(4) Converse ly ,  in C u s h i n g ' s  s y n d r o m e  d u e  to  a d r e n a l  
hype rp l a s i a ,  t h e  cor t ica l  e n z y m e s  show a p a t t e r n  which  is 
ve ry  nea r  to  n o r m a l  or qu i t e  no rma l .  Th i s  sugges ts  t h a t  in  
th i s  v a r i e t y  of t h e  synd rome ,  t h e r e  exis ts  an  i n t e r a c t i o n  of 
some o t h e r  sti l l  u n k n o w n  fac to r  or m e c h a n i s m ,  a p a r t  f rom 
ACTH s t i m u l a t i o n .  

Zu s a m m en / a s s u n g .  Ber i ch t  fiber h i s t o ch emi s ch e  U n t e r -  
s u c h u n g e n  an  m e n s c h l i e h e n  N eb en n i e r en ,  die ch i ru rg i sch  
bei  FXllen v o n  i n o p e r a b l e m  M a m m a c a r c i n o m  (mi t  ode r  
o h n e  v o r h e r g e h e n d e  S t i m u l a t i o n  m i t  e x o g e n e n  ACTt t )  
sowie bei F/i l len von  Cu s h i n g s ch e r  K r a n k h e i t  e n t f e r n t  
worden  waren .  

A n h a n d  de r  Ve r t e i t ung  de r  v e r s c h i e d e n e n  E n z y m e  u n d  
in sbesonde re  des  Steroid-3fl-ol  D e h y d r o g e n a s e  wird au f  
F r a g e n  de r  B e z i e h u n g e n  der  Morpholog ie  u n d  F u n k t i o n  
der  n o r m a l e n  l)rf ise e ingegangen  u n d  die Cush ingsche  
K r a n k h e i t  i n t e r p r e t i e r t .  

C. CAVALLERO a n d  G. CHIAPPINO 

Is t i tu to  di A n a t o m i a  e Istologia Patologica della Universi th 
di P a v i a  (I taly) ,  November 20, 1961. 

Modifications of Myosin Caused by Adenosine- 
triphosphate, Adenosinediphosphate, and Pyro- 

phosphate 

In  r ecen t  years ,  a d e n o s i n e ~ r i p h o s p h a t e  a n d  pyro-  
p h o s p h a t e  h a v e  o f t en  been  used for the  e x t r a c t i o n  of 
muscle  p ro t e in s  z-a. I t  was  t h o u g h t  t h a t  t h e y  would help  
se lec t ive ly  e x t r a c t i n g  myos in  f rom the  myof ibr i l s ,  b u t  i t  
was  soon real ised t h a t ,  in a d d i t i o n  to  myos in ,  o t h e r  
p ro t e in  m a t e r i a l - e x t r a - p r o t e i n %  X - p r o t e i n  5, f rac t ion  T 6 

- p a s s e s  i n to  so lu t ion  a n d  does no t  p r ec i p i t a t e  when  t h e  
ionic s t r e n g t h  is r educed  to 0.04. 
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