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d e m o n s t r a t e d  for  leucocytes  in lac ta te ,  a n d  here  exclu-  
s ively  in the  ca rboxy l  g roup  ~2,~a which  co r responds  to a 
f ixa t ion  of C1402 v ia  a C~ + C a c o n d e n s a t i o n  fol lowed b y  
equ i l i b ra t ion  of t he  a c t i v i t y  of t h e  c a r b o x y l  c a r b o n s  v ia  a 
s y m m e t r i c a l  d i ca rboxy l i c  acid.  Therefore ,  a n d  in v iew 
of t he  resu l t s  p r e sen t ed  in t h i s  c o m m u n i c a t i o n ,  t h e  effects  
of b i c a r b o n a t e  in  inc reas ing  t he  a c t i v i t y  of t he  hexose  
m o n o p h o s p h a t e  p a t h w a y  would  sugges t  t h a t  p y r u v a t e  is 
c a r b o x y l a t e d  to m a l a t e  in coope ra t i on  w i t h  N A D P t l .  
Malic  d e h y d r o g e n a s e  would  t h e n  s u b s t i t u t e  N A D H  for 
N A D P H  a n d  t he  increase  of o x y g e n  u p t a k e  p r o d u c e d  b y  
b i c a r b o n a t e  would  be  r e l a t ed  to  r e o x i d a t i o n  of N A D H  
t h r o u g h  an  a m y t a l - s e n s i t i v e  p a t h w a y ,  T he  re levance  of 
t h i s  p a t h w a y  is d e m o n s t r a t e d  b y  the  e x t e n t  of i n h i b i t i o n  
of t he  oxygen  u p t a k e  and  of t he  d e c a r b o x y l a t i o n  v ia  t he  
p h o s p h o g t u c o n a t e  ox ida t i on  p a t h w a y  found  in b i c a r b o n -  
a t e  solut ion.  Th i s  a m y t a P s e n s i t i v e ,  i.e. p r o b a b l y  f lavo-  
p ro te in ,  s t ep  is n o t  followed b y  a n  a n t i m y c i n -  a n d  cya-  
n ide - i nh ib i t ed  r e s p i r a t o r y  cha in  2,3. 

Recen t ly ,  WAReU~G and  his  associa tes  c la imed t h a t  t he  
aerobic  glycolysis  of leucocytes  a n d  o t h e r  n o r m a l  t i ssues  
shou ld  be  cons idered  as an  a r t i f a c t  due  to  u n s u i t a b l e  
hand l ing ,  in c o n t r a s t  to  t he  t r u e  aerobic  glycot~sis  which  
would  be  pecu l ia r  to  t u m o r  cells ~. 

As p rev ious ly  s h o w n  in th i s  l a b o r a t o r y  ~ a n d  con f i rmed  
b y  o the r s  1~ when  t he  p rocedu re  followed b y  WARBURG to  
avo id  d a m a g e  to tile w h i t e  b lood cells is used, t he  leuco- 
cy tes  o b t a i n e d  are m o s t l y  l ym phocy t e s ,  a n d  aerobic  gly- 

colysis c a n n o t  be d e m o n s t r a t e d  wi th  these  cells, whi l s t  i t  
is cha rac t e r i s t i c  for p o l y m o r p h o n u c l e a r  leucocytes .  

W i t h  respec t  to  t he  p r e s e n t  expe r imen t s ,  t h i s  is a po in t  
of cons iderab le  in te res t ,  s ince t h e  s t r o n g  effect  of bicar-  
b=mate on  t he  aerobic  me t abo l i sm ,  as far  as t h e  r educ t i ve  
c a r b o x y l a t i o n  of p y r u v a t e  is concerned ,  c a n n o t  be  pro- 
duced  excep t  in the  p resence  of a n  ac t ive  aerobic  gly- 
colysis 2. 

Riassunto. L ' e n t i t h  del c o n s u m o  d 'oss igeno  e del la  pro- 
duz ione  di C1402 d a  g lucos io- l -C ~4 e glucosio-6-C 14 e la  loro 
d i f f e ren te  sens ib i l i th  a l l ' a m i t a l  nei  leucoci t i  po l inuc lea t i  di 
e s suda to  i n c u b a t i  in d iverse  condiz ioni  d i m o s t r a n o  l 'esi- 
s t enza  di p ig  s i s temi  di r ioss idazione dei coenz imi  r ido t t i .  
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The Distr ibut ion of s o m e  E n z y m e s  Involved in 
the S tero idogenes i s  of Hen's  Ovary 

E v i d e n c e  for  t he  secre t ion  of sex h o r m o n e s  b y  t he  
a v i a n  o v a r y  ha s  been  g iven  b y  LAYNE et  al. 1,2. Proges-  
t e rone  and  oes t rogens  (oestrone,  oestradiol-17fi ,  oestriol)  
h a v e  been  iden t i f i ed  in t he  o v a r i a n  e x t r a c t s  of t he  l ay ing  
h e n  b y  c h r o m a t o g r a p h i c  mobi l i ty ,  17V-spectrophoto-  
m e t r y  and  chemica l  reac t ions .  

Ef fo r t s  to  iden t i fy  t he  cell t y p e s  in w h i c h  s te ro ido-  
genesis  t a k e s  place  h a v e  no t  so far  been  successful.  On ly  
r e c e n t l y  As-3f l -hydroxys tero id  d e h y d r o g e n a s e  (AS-3t/- 
H S D H )  has  been  d e m o n s t r a t e d  h i s t o c h e m i c a l l y  in  t he  
g r anu losa  a n d  t he  t h e c a  i n t e r n a  of t he  g rowing  o6eytes ,  
a t r e t i c  follicles and  p o s t - o v u l a t i o n  follicles of l ay ing  hens  
(BOTTE3). The  presence  of th i s  e n z y m e  mere ly  ind ica tes  
t he  ex i s tence  of one  of t h e  f i rs t  s t eps  of s te ro id  bio-  
syn thes i s .  In  fact ,  i t  is d e m o n s t r a b l e  in  all  t ypes  of s t e ro id -  
p r o d u c i n g  cells (adrenal ,  ova ry ,  tes t i s  a n d  p lacen ta )  a n d  
is i nvo lved  w i t h  AS-3-ketoisomerase ill t he  t r a n s f o r m a -  
t ion  of p r egneno lone  to p roges t e rone  (see WET'rSTEIN4), 
R e c e n t l y  AOSHIMA et  al.~, us ing  a b iochemica l  m e t hod ,  
h a v e  even  d e m o n s t r a t e d  As-3f l -HSDH in t he  l iver  a n d  
k i d n e y  of t he  ra t .  

In  th i s  c o m m u n i c a t i o n ,  we r e p o r t  t he  d i s t r i b u t i o n  of 
two e n z y m e s  of oes t rogen  m e t a b o l i s m  in t h e  o v a r y  of 
l ay ing  h e n s  ( common  hen  of Aversa ) :  D P N -  and  T P N -  
d e p e n d e n t  17/3-hydroxysteroid  d e h y d r o g e n a s e  (17fl- 
H S D H ) .  These  e n z y m e s  ca ta lyse  d e h y d r o g e n a t i o n  of 
17f i -hydroxys te ro ids  to  17-ketos teroids ,  a n d  c o n s e q u e n t l y  
oestradiol-17fi  to  oes t rone .  T h e y  h a v e  so far  been  d e m o n -  
s t r a t e d  b iochemica t ly  in t he  h u m a n  p l a c e n t a  (LANGER a n d  
ENGEL 6, TALALAY et  al. 7, t{OLLANDER et  al. s, HAGERMAN 

a n d  VILLEE~), a n d  in t he  l iver  of a m p h i b i a  a n d  fishes 
(BREUER et  a l t0 ) ,  a n d  h i s t o c h e m i c a l l y  in t he  h u m a n  
p l a c e n t a  (KELLOG a n d  GLWXXER n,  KLEINER et  al. ~2) and  
in t he  r a t  l iver  a n d  in t e s t ine  (PEARSON a n d  GRosE is). 

The  d i s t r i b u t i o n  of b o t h  17 f l -HSDHs  has  been  com- 
p a r e d  to  t h a t  of A'~-3fl-HSDH on  c o n t i g u o u s  sect ions.  The 
h i s t ochemica l  r eac t i on  of  "~A.;ATTENBERG 1~, modif ied  by  
LEVY e t  al. ~5, ha s  been used to  d e m o n s t r a t e  zlb-3fl - 
H S D H .  D P N -  a n d  T P N - d e p e n d e n t  17/3-HSDHs have  
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Fig. I. Cryostat section (15 p) of the follicle of a growing o~cyte 
(I cm in diameter). Reaction forA6-3~-HSDH: the formazan deposit 
is present in the granulosa cells (g) and the vacuolated cells of the 

theca interna (ncti). 130 X. 

Fig. S. Cryostat section of the follicle of a growing oOcyte (1 cm in 
diameter). Reaction for DPN-dependent 17~-HSDH: the formazan 

deposit is limited to the granulosa cells {g). 165 ×, 

Fig. 3. Cryostat section of the follicle of a fully developed o6eyte. 
Reaction for ~s-8~-HSDH: the activity is consistent both in the 
granulosa (g) and the theca interna (ti). In the latter the nests of 

vacuolated cells form a continuous layer. 340 x. 

Fig. 4. Cryostat .~ction of a freshly collapsed follicle. Reaction for 
As-3~-HSDH : the activity is much more consistent in the granulosa 

cells (g) than in the theca interna (ti). 55 x. 

Fig. 5. Cryostat section of an atretic follicle. Reaction for /16-3~ - 
HSDH: the formazan deposit is conspicuous in the vacuolated cells 
of the theca interna (ncti) and the interstitial cells (it) ; the granulosa 

has disappeared. '~00 x ,  

Fig. 6, Cryostat section of a follicle at the beginning of the atresta. 
Reaction for DPN-dependent 17~-HSI)H: the fine formazan deposit 

is limited to the granulosa ceils. 160 ×. 

been characterized at pH 6.9 according to the method of 
PzsRsos and GROSE xl aS adapted by KLEINER et al.tL 
using oestradiol-17~ as substrate. 

The positivity of the above reactions is seen by the 
precipitation of formazan (reduced tetrazole) granules, 
Whilst As-3~-HSDH causes a conspicuous granular preci- 
pitation, DPN-dependent 17~-HSDH (TPN-dependent 
17~-HSDH is lacking) produces finer deposition of the 
formazan. 

Ovarian/ollic~. A6-3~-HSDH is detectable in the granu- 
losa and in the nests of vacuolated cells of the theca 
in t e rna t ,  of the growing oOcytes (Figures 1 and 3), DPN-  
dependent  17#-HSDH is present  only in the  granulosa 
cells (Figure 2). TPN-dependen t  17#-HSDH is not  de- 
tectable  his tochemical ly  in any of the  s t ructures  of the  
ovary .  

Post-ovule2ion foUide. ~ s - # - H S D H  ac t iv i ty  persists in 
the  granulosa cells and in the  nests of  vacuola ted  cells of  
the  theca  interna for three to four days  af ter  ovula t ion  
(Figure 4). Thereafter ,  ac t iv i ty  gradual ly  declines and 
af ter  seven to eight  days  all ac t iv i ty  disappears.  DPN-  
dependent  17~-HSDH is absent  both from the  granulosa 
and the theca  interna. 

Atvet@ follicle. Foll icular  atresia  occurs qui te  fre- 
quen t ly  in the  hen 's  ova ry  a t  any stage of o~genesis and 
presents  vary ing  characteristics.  The  hyper t rophic  granu- 
losa cells, which degenerate  af ter  the  yolk phagocytosis,  
conta in  bo th  enzymes,  AJ-3~-HSDH and DPN-dependen t  
17fl-HSDH (Figure 6). 

In  the  nests of vacuola ted  cells of the  theca  interna 
on ly  ~s-3f l -HSDH is present.  The la t te r  enzyme  persists 
unti l  the  more advanced  stages of sclerosis of the  atret ic  
follicle (Figure 5). 

Interstitia~ tissue. The  interst i t ial  t issue is represented 
by  clusters of  cells of  dubious origin, scat tered in the  
ovar ian  s t roma.  They  react  posi t ively only for AS-3fJ - 
H S D H  (Figure 5). 

In  the  hen 's  ovary ,  then, i t  is possible to de tec t  As-3~- 
H S D H  and DPN<lependen t  17~ .HSDH by his tochemical  
methods.  I t  is interest ing to note  their  different  dis tr ibu-  
t ion:  whilst  A~-3~-HSDH is present  in the  theca  interna,  

intersti t ial  tissue and granulosa e i ther  o f  the  pre- and 
post-ovulat ion follicle or  the a t re t ic  follicle, DPN-depen -  
dent  17~-HSI)H is demonst rab le  only in the  granulosa  of 
the  growing ovar ian  follicle and of the  a t re t ic  follicle. 

These results lead us to suplx)se t h a t  oestrogen 
metabol i sm is e lect ively confined to the granulosa  cells 
dur ing follicular g rowth  and dur ing the  first s tages of  
follicular atresia.  As-3/~-HSDH, detec table  in all the  
s teroid-producing tissues, is involved in the secret ion of 
progesterone, which could be fur ther  t ransformed.  At  
this t ime  it  is no t  possible to say, by  means  of his to-  
chemical  methods,  if fur ther  metabol ic  steps occur. 

Our observat ions,  using specific his tochemical  methods,  
are  an a t t e m p t  to pinlx>int the  cell types  p redominan t ly  
responsible for the product ion of par t icular  hormones  in 
the ver tebra te  ovary .  

Riassunto. ~ s ta ta  s tudia ta  con metodi  istochimici  la 
distr ibuzione della A6-3p-idrossisteroide deidrogenasi  (A 5- 
3~-HSDH) e deUe 17/~.idrossisteroide deidrogenasi (17fl- 
HSI)H), DPN- e TPN-dipendenti, nell'ovario di gallina 
ovulante. Mentre la A~-3/~-HSI)H ~ presente in tutti i 
tessuti a secrezione steroide dell'ovario, la 17~-HSDH 
localizzata solo nelle cellule della granulosa. 
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is The theca interna of the growing o~cytes is composed of a con- 
tinuous layer of connective tissue in which clu~te~ of cholesterol- 
and fat-laden cells stand out. In the fully developed oOcytes these 
cells form a continuous layer t t t ,  
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