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known  2,3 t h a t  some polyphenolases  isolated f rom roots  
of h igher  p lan t s  ca ta lyse  the  oxida t ion  of some amino  
acids in  t he  presence  of phenol ic  subs tances  giving rise to 
the  red p igment .  Some condi t ions  of the  red p igmen t  
origin were also s tudied  in microorganisms 4-~. W h i t e - r o t  
fungi excre te  numerous  oxidases in to  the  medium~-% 
This is w h y  we have  used the  3% ma l t  ex t r ac t  as the  
med ium on which  the  fungi  were grown as a source of 
raw enzymes  for the  fo rma t ion  of a red p igmen t  in vitro.  
1 ml M/100 of catechol ,  1 ml  M/5 of glycine and 1 ml  M/50 
1-hydroxypro l ine  were added  to 1 ml of dia lysed cul t iva-  
t ion med ium in 1 ml M/IO phospha t e  buffer,  p H  5.9. This  
mix tu re  was incuba ted  a t  a t e m p e r a t u r e  of 39 ~ for 2 h. 
Dur ing  th is  t ime  it showed the  fo rmat ion  of a red  pig- 
ment ,  the  absorp t ion  spec t rum of which  is shown in t he  
Figure,  curve lb .  The p i g m e n t  was fo rmed  only in t h e  
presence  of a cu l t iva t ion  m e d i u m  in which  the  fungi 
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The absorption spectra of red colour solutions. Curve la: a red pig- 
ment isolated during wood decay by white-rot fungi. Curve lb: a 
red pigment formed by the action of polyphenolase produced in the 
medium by white-rot fungi. Boiled enzymatic solution was used as 

blank. 

Trametes versicolor and Trametes gibbosa were cul t iva ted .  
I t  was, however ,  not  fo rmed  in the  case of the  fungus  
Fomes marginatus. 

F r o m  the  resul ts  it  follows t h a t  the  fungi p roduc ing  
polyphenolases  ca ta lys ing  the  secondary  ox ida t ion  of 
amino acids in t he  presence  of phenols ,  are able to form 
the  red p i g m e n t  dur ing  the  wood decay  in the  way  
descr ibed above.  Fungi  which  do no t  produce  poly-  
phenolases  of t he  t ype  ment ioned ,  do no t  form the  red 
p igment .  

Zusammen/assung. Holzzers t6rende  Pilze, die ins Me- 
d ium Po lypheno lasen  ausscheiden,  b i lden bei der  Zer- 
se tzung des Holzes,  welches mi t  3% Pep ton l6sung  auf- 
gesogen wurde,  ein rotes P igment .  Die P igmen tb i l dung  
ist durch  die sekunditre Oxyda t ion  von  Aminos~uren  und  
die ka ta lys ie rende  Rolle der  Po lyphenolasen  verursacht .  
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Postnatal  Changes in Phosphatase and Non-  
Specific Esterase Activity in the Large Intestine 

of the Rat 

During  pos tna t a l  d e v e l o p m e n t  of m a m m a l s  there  are 
changes  in t he  h i s to log ica l  s t ruc tu re  of the  gast ro-  
in tes t ina l  t r ac t  x-6 and  its enzyme  pa t t e rn .  This has  been 
d e m o n s t r a t e d  h i s tochemica l ly  e-9 and biochemical ly  TM. 
The occurrence of enzymes  in the  large in tes t ine  dur ing  
p o s t n a t a l  d e v e l o p m e n t  has  no t  received any  a t t en t i on  a t  
all, and  only work  on adul t  animals  13,14 has been  per-  
formed.  Since the  large in tes t ine  m a y  p lay  a role in the  
absorp t ion  and  me tabo l i sm of some subs tances  14, th is  has  
been  s tudied  dur ing  pos tna t a l  d e v e l o p m e n t  of the  ra t  in 
th is  paper .  

R a t s  aged 1, 3, 7, 10, 15 and  20 days  and  adul t  animals  
were examined  his tochemical ly .  Each  age group con ta ined  
5 ra t s ;  sexes were represen ted  abou t  equally.  Ra t s  were 
decap i t a t ed  3 h af ter  food depr iva t ion .  Excis ions  of the  
caecum and  of t he  middle  pa r t  of the  oral  and  aboral  hal f  
of the  r ema inde r  of the  large in tes t ine  were f ixed in 
Baker ' s  formol-calc ium a t  4 ~ for 24 h, and  alkaline and 
acid p h o s p h a t a s e  were de t e rmined  in paraf f in  sect ions  
t oge the r  wi th  AS- and  a-esterase.  ASD phospha te ,  ul t ra-  

zol AS aceta te ,  and  a - n a p h t h y l  ace ta te  were used as 
subs t ra tes ;  F a s t  red T R  (Hoechst) ,  hexa tone  basic fuchsin  
(Lachema) according to Barka,  F a s t  blue R R  (Hoechst)  
and Fas t  blue B (Lachema) were used as d iazota tes .  
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I n c u b a t i o n  t i m e s  w e r e  35 r a i n  for  a l k a l i n e  p h o s p h a t a s e ,  
60 r a in  for  a c id  p h o s p h a t a s e ,  35 m i n  for  A S - e s t e r a s e  a n d  
13 m i n  fo r  e - e s t e r a s e .  

T h e  e n z y m e  a c t i v i t i e s  w e r e  l o c a t e d  as  d e s c r i b e d  in  t h e  
l i t e r a t u r e  for  t h e  s m a l l  i n t e s t i n e .  

I n  g e n e r a l ,  a l k a l i n e  p h o s p h a t a s e  c o u l d  b e  d e m o n s t r a t e d  
in  t h e  b r u s h  b o r d e r ,  a p i c a l  a n d  s u p r a n u c l e a r  Golg i  z o n e  
of  e n t e r o c y t e s ,  in  t h e  e n d o t h e l i u m  of  s o m e  s m a l l  v e s s e l s  
a n d  cap i l l a r i e s ,  in  e o s i n o p h i l s ,  n e u t r o p h i l s ,  s o m e  m a c r o -  
p h a g e s  a n d  r e t i c u l a r  cel ls  of  l y m p h a d e n o i d  t i s s u e .  T h e  
a c t i v i t y  of  a c id  p h o s p h a t a s e  is  p o s i t i v e  i n  t h e  s a m e  loca -  
t i o n s ,  w i t h  t h e  e x c e p t i o n  of  t h e  e n d o t h e l i u m .  S o m e  m a s t  
ce l ls  c o n t a i n  ac id  b u t  no  a l k a l i n e  p h o s p h a t a s e .  

A S - e s t e r a s e  is p o s i t i v e  as  f ine  g r a n u l e s  in  t h e  a p i c a l  
p a r t s  of  e n t e r o c y t e s  i n  t h e  Go lg i  zone ,  l e s s  f ine  g r a n u l e s  
u p  t o  a n  i n t e n s e  d i f f u s e  r e a c t i o n  a re  f o u n d  in  t h e  b a s a l  
p a r t s  of  t h e  e n t e r o c y t e s  in  t h e  g l a n d  c r y p t s .  E o s i n o p h i l s ,  
n e u t r o p h i l s ,  m a c r o p h a g e s ,  f i b r o c y t e s  a n d  p r o b a b l y  s o m e  
m a s t  cei ls  a re  a lso  p o s i t i v e .  A s l i g h t l y  p o s i t i v e  A S - e s t e r a s e  
r e a c t i o n  w a s  f o u n d  a l so  in  s m o o t h  m u s c l e  ce i ls  of  b o t h  
m u s c u l a r  l a y e r s  a n d  t h e  p l e x u s  m y e n t e r i c u s ,  a - e s t e r a s e  
s h o w s  a less  p r o n o u n c e d  r e a c t i o n  in  t h e  s a m e  l o c a t i o n s  
a n d  c a n n o t  be  d e m o n s t r a t e d  in  t h e  m a s t  cells.  

T h e  i n t e n s i t y  of  t h e  r e a c t i o n s  of  t h e  a b o v e  e n z y m e s  is 
n o t  t h e  s a m e  a l o n g  t h e  w h o l e  l a rge  i n t e s t i n e  of  t h e  s a m e  
r a t  n o r  in  t h e  s a m e  s i t e s  in  r a t s  o f  d i f f e r e n t  a g e s  ( T a b l e s  
I a n d  I I ) .  

I n  t h e  e n t e r o c y t e s  t h e  p h o s p h a t a s e s  a r e  p r o n o u n c e d  in  
1- t o  7 - d a y - o l d  r a t s  in  t h e  c i l l i a ry  b o r d e r  a n d  t h e  Golg i  
zone  o f  t h e  c a e c u m  a n d  t h e  o ra l  ( p r o x i m a l )  m i d d l e  p a r t  
of  t h e  l a rge  i n t e s t i n e  a n d  a p p e a r s  as  f ine  g r a n u l e s .  T h e  
r e a c t i o n  is m o r e  i n t e n s e  for  a l k a l i n e  t h a n  for  ac id  p h o s -  
p h a t a s e .  N o  e n z y m e  r e a c t i o n  w a s  f o u n d  in  t h e  a b o r a l  p a r t  
of  t h e  l a r g e  i n t e s t i n e .  D u r i n g  d e v e l o p m e n t  t h e  a c t i v i t y  of  
t h e  p h o s p h a t a s e s  d e c r e a s e s  in  t h e  c a e c a l  e n t e r o c y t e s  a n d  
t h e  o ra l  p a r t  of  t h e  l a r g e  i n t e s t i n e .  T h e  p o s i t i v i t y  in  t h e  
Golg i  zone  m a y  d i s a p p e a r  s o o n e r  t h a n  p o s i t i v i t y  in  t h e  
b r u s h  b o r d e r .  I n  1 0 - d a y - o l d  r a t s  no  ac i d  p h o s p h a t a s e  
a c t i v i t y  is f o u n d  in  t h e  c a e c u m ;  a l k a l i n e  p h o s p h a t a s e  ac-  
t i v i t y  d i s a p p e a r s  o n  d a y  20. I n  t h e  e n d o t h e l i u m ,  o n  t h e  
o t h e r  h a n d ,  a l k a l i n e  p h o s p h a t a s e  a c t i v i t y  i n c r e a s e s  f r o m  
d a y  10 a n d  is f a i r l y  p r o n o u n c e d  in  a d u l t  r a t s .  N o  d i f fe r -  
e n c e  w a s  f o u n d  b e t w e e n  r a t s  a g e d  20 d a y s  a n d  a d u l t  an i -  
r a m s .  I n  m o n o -  a n d  p o l y n u c t e a r  l e u c o c y t e s  a n d  f i b r o c y t e s  
t h e  a c t i v i t y  of  b o t h  e n z y m e s  is p r e s e n t  f r o m  d a y  1 a n d  
d o e s  n o t  c h a n g e ;  o n l y  t h e  n u m b e r  of  e l e m e n t s  i n c r e a s e s .  

A S - e s t e r a s e  a n d  e - e s t e r a s e  a c t i v i t i e s  a r e  f o u n d  i n  t h e  
e n t e r o c y t e s  a l r e a d y  o n  d a y  1, a n d  a c t i v i t y  i n c r e a s e s  f r o m  
d a y  20. A c t i v i t y  is  h i g h e s t  in  a d u l t  r a t s ,  e n t e r o c y t e s  of  
t h e  a b o r a l  p a r t  o f  t h e  l a r g e  i n t e s t i n e  a l so  b e i n g  p o s i t i v e  
in  c o n t r a s t  to  p h o s p h a t a s e s .  S l i g h t  p o s i t i v e  r e a c t i o n  in  
p o l y -  a n d  m o n o n u c I e a r  l e u c o c y t e s  a n d  f i b r o c y t e s  r e m a i n s  
u n c h a n g e d  w i t h  age .  

T h e r e  a re  n o  d a t a  o n  t h e  p o s t n a t a l  d e v e l o p m e n t  of  t h e  
l a rge  i n t e s t i n e .  T o  o u r  k n o w l e d g e  p a p e r s  o n l y  d e a l  w i t h  
t h e  c o m p a r a t i v e  m o r p h o l o g y  of  e n z y m e s  in  t h e  l a r g e  in-  
t e s t i n e  in  v a r i o u s  spec i e s  a n d  m a i n l y  d e a l  w i t h  t h e  s m a l l  
i n t e s t i n e .  T h u s  t h e  h i s t o c h e m i c a l  d i s t r i b u t i o n  o f  a l k a l i n e  
p h o s p h a t a s e  i n  t h e  l a rge  i n t e s t i n e  d i f f e r s  in  d i f f e r e n t  
spec i e s  la,14. I n  t h e  c a t  a s t r o n g  p o s i t i v e  r e a c t i o n  w a s  
f o u n d  i n  t h e  c i l l i a ry  b o r d e r  a l o n g  t h e  w h o l e  l a rge  i n t e s t i n e ,  
wh i l e  in  t h e  r a t  t h i s  r e a c t i o n  is n e g a t i v e .  T h e s e  r e s u l t s  
a g r e e  w i t h  o u r  f i n d i n g s  in  a d u l t  r a t s .  I n  i n f a n t  r a t s ,  o n  
t h e  o t h e r  h a n d ,  p h o s p h a t a s e  a c t i v i t y  is  s t i l l  h i g h .  

F r o m  o u r  i n v e s t i g a t i o n  i t  m a y  be  s p e c u l a t e d  t h a t  
d u r i n g  e a r l y  p o s t n a t a l  d e v e l o p m e n t ,  a n d  p e r h a p s  a l so  
p r e n a t a l l y ,  t h e  l a rge  i n t e s t i n e  p a r t i c i p a t e s  in  t h e  a b s o r p -  
t i o n  a n d  m e t a b o l i s m  of  s o m e  s u b s t a n c e s .  T h i s  will ,  of  
c o u r s e ,  h a v e  to  be  p r o v e d .  

Table II 

Age of rats (days) Brush border Supranuelear and 
apical zone 

oc- 

e s t e r a s e  

AS- 
esterase 

I I I  I I I  I I I  I I I  

1 _ _ • • 

3 - - - ~ • • 
7 _ _ • • 

IO - - - • • • 

15 - - - ~ • 
20 - - + + ++ 

Adult - - - ++ +++/x ++/x 

- -  + + + 

3 -- + + + 

7 + + + 
10 - + + + 

15 - +/x +Ix +/x 
20 - - +/x ++/x ++Ix 

Adult - ++/x ++/x ++/x 

Table I 

Age of rats (days) Brush Supranuclear Endothelium 
border and apical zone 

I: caecum. II:  middle part  of the oral (proximal) half of the large 
intestine. III :  middle part  of the aboral half of the large intestine. 
Enzyme activity: + slight, ++ middle, +++ strong, - none, Ix positive 
reaction also in the basal parts of the enterocytes in the gland crypts. 

I II III I II III I II 

Alkaline 1 +++ +++ - ++ ++ - 
phospha- 3 +++ +++ - ++ ++ - 
t a s e  7 + + +  + + +  - -  + +  + +  

I0 + + + +  - - + - • 5: 

1 5  • + - - 4 -  

20 . . . . . .  ~ + 

Adult . . . . . .  ++ ++ 

Acid 1 +++ +++ - + + - - 
phospha- 3 ++ ++ - + + 
tase 7 =L ++ - + + - 

1 0  - + - - i - 

1 5  . . . .  
20 . . . . . . .  

Adult . . . . . .  

I l I  

- Zusammenfassung. P h o s p h a t a s e n -  u n d  E s t e r a s e n a k t i v i -  
t ~ t  i n  E n t e r o z y t e n  d e s  R a t t e n d i c k d a r m s  X n d e r t  s i c h  

- w~th rend  d e r  p o s t n a t a l e n  E n t w i c k l u n g .  A l k a l i s c h e  u n d  
• s a u r e  P h o s p h a t a s e  i s t  b e i  n e u g e b o r e n e n  u n d  j u n g e n  
• R a t t e n  i m  o r a l e n  D i c k d a r m a b s c h n i t t  s t a r k  p o s i t i v .  Die  
+ 

A n n a h m e  d e r  B e t e i l i g u n g  d e s  D i c k d a r m e s  a n  R e s o r p t i o n  
++ u n d  M e t a b o l i s m u s  w i rd  v o r a u s g e s e t z t .  
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