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H i s t i d i n e  D e c a r b o x y l a s e  a n d  D O P A  D e c a r b o x y l a s e  

A s y s t e m  of en te rochromaf f in - l ike  cells 1, ~ in t he  par ie ta l  
cell region of t he  s t o m a c h  is t he  ma jo r  s torage  Site of 
gastr ic  h i s t amine  s-5 in t he  rat .  These  cells, which  no rma l ly  
are devoid  of monoamines ,  h a v e  the  capac i ty  to  p roduce  
and  store,  for ins tance ,  5 - h y d r o x y t r y p t a m i n e  (5HT) and  
d o p a m i n e  bu t  only  a f te r  a d m i n i s t r a t i o n  of the i r  respec t ive  
precursors1,  2. The cellular local izat ion of h i s t amine  has  
been  es tab l i shed  by  a recen t ly  deve loped  h i s tochemica l  
t echn ique  in which  f reeze-dr ied t issue sect ions  are exposed  
to  0 -ph tha la ldehyde  (OPT) vapor ,  w h e r e b y  h i s t amine  is 
conve r t ed  in to  a f luorophor ,  which  can be de t ec t ed  in t he  
f luorescence microscope  a,4,6. 

The  gastr ic  mucosa  of the  r a t  is k n o w n  to  con ta in  high 
act iv i t ies  of b o t h  the  specific L-his t idine deca rboxy lase  
(EC 4.1.1.22) and  the  non-specif ic  a romat ic  L-amino acid 
decarboxylase ,  also referred  to  as 3, 4 - d i h y d r o x y p h e n y l a -  
lanine  (DOPA) deca rboxy la se  (EC 4.1.1.26). Recen t ly  it 
was  shown t h a t  t he  m a j o r  por t ion  of gastr ic  h i s t id ine  
deca rboxy lase  in t he  r a t  is con ta ined  in the  sy s t em  of 
h i s t amine - s to r ing  en te rochromaf f in - l ike  cellsS,7. Gast r ic  
D O P A  decarboxylase ,  on the  o the r  hand ,  is Iound  b o t h  
in these  cells L2,7 and  in t he  5HT-s tor ing  en t e roch romaf f in  
cells of the  an t r a l  regionT, s. Whi le  t he  D O P A  deca rboxy-  
lase ac t iv i ty  of the  en t e roch romaf f in  ceils m u c h  exceeds  
t h a t  of the  h i s t amine - s to r ing  en te rochromaf f in - l ike  cells 7, 
the re  is no evidence  t h a t  h is t id ine  deca rboxy lase  occurs  
in the  en t e roch romaf f in  cell sys tem.  A l though  b o t h  hist i-  
d ine  deca rboxy lase  and  D O P A  deca rboxy lase  m a y  be 
found  in m a s t  cells 9,1° a n d  poss ib ly  also in some ui,_- 
ident i f ied  exocr ine  g land  cells, the  bulk  of these  2 enzymes  
in t he  ra t  s t o m a c h  is found  in amine - s to r ing  cells of the  
en t e roch romaf f in  and  en te rochromaf f in - l ike  t y p e L  

The  d e v e l o p m e n t  of gast r ic  h is t id ine  deca rboxy lase  and  
D O P A  deca rboxy lase  in the  fetal  and  p o s t n a t a l  ra t  was 
s tud ied  in order  to  ob ta in  fu r the r  in fo rma t ion  on the  
cy tochemica l  p roper t ies  and  physiological  s ignif icance of 
the  en te rochromaf f in - l ike  cell sys tem.  The ent i re  s t o m a c h  
wall  (from feta l  and  new-born  ra t s  pooled s t o m a c h  walls) 
were  homogen ized  in 0 . 0 2 M  p h o s p h a t e  buffer ,  p H  6.5 to  
a finM c o n c e n t r a t i o n  of 100 mg t issue/ml .  Al iquots  of t he  
homogena te ,  usual ly co r respond ing  to  25 mg  t issue (wet 
weight) ,  were  t a k e n  for enzyme  assays.  His t id ine  deear-  
boxylase  and  D O P A  decarboxylase  were  b o t h  d e t e r m i n e d  
by  incuba t ing  the  e x t r ac t  w i th  1-C14-1abeled subs t r a t e s  in 
a t o t a l  vo lume  of 0.5 ml  a t  p H  6.9 u n d e r  n i t rogen  for 
30 rain a t  37 °C (Table I). The  enzyme  ac t i v i t y  was  esti-  
m a t e d  by  d e t e r m i n a t i o n  of the  C140~ p roduced  n.  All assays  
were m a d e  in dupl ica te  and  the  enzyme  act ivi t ies  were  
expressed  as nmoles  CO 2 f o r m e d / m g  and  h. Correct ions  
were m a d e  for h e a t e d  enzyme  blanks.  

H igh  act ivi t ies  of gast r ic  h is t id ine  deca rboxy lase  could 
be d e m o n s t r a t e d  in tile fetal  r a t  17-19 days  a f te r  m a t i n g  

Table I. Incubation conditions 

Incubation Histidine DOPA 
ingredients decarboxylase decarboxylase 

assay assay 

DL-DOPA-1-C14; 0.2 mc/mM - 8 x 10-41~I 
L-Histidine-l-C14; 10 mcflnM 4 x 10-SM 
Pyridoxal-5 -phosphate 10 -5 M 10 -5 M 
Glutathione 5 x 10-~M 5 × 10-4M " 
Aminoguanidine 10 -4 M - 
Phosphate buffer 0.04 M, pH 6.9 0.04M, pH 6.9 

in  t h e  S t o m a c h  of  t h e  D e v e l o p i n g  Rat  

(Table II).  The ac t iv i ty  decl ined to  non -measu rab l e  levels 
jus t  before  b i r th  and  s t ayed  low unt i l  6-8 days  af ter  b i r th .  
A t  this  s tage  the  h is t id ine  deca rboxy lase  ac t iv i ty  s t a r t e d  
to  increase b u t  adu l t  values  were  no t  reached  unt i l  
a p p r o x i m a t e l y  1 m o n t h  af ter  b i r t h  (Figure).  Adu l t  values  
of D O P A  deca rboxy lase  could be d e m o n s t r a t e d  in t he  
fe ta l  r a t  s t o m a c h  19 days  a f te r  mat ing .  The  e n z y m e  
ac t iv i ty  r ema ined  fair ly  c o n s t a n t  dur ing  subsequen t  fetal  
and  pos tna t a l  s tages (Figure). 

The d e v e l o p m e n t  of amino  acid deca rboxy lases  in the  
r a t  s t o m a c h  appear s  to be re la ted  to  t he  m a t u r a t i o n  of 
t he  en t e roch romaf f in  and  en te rochromaf f in - l ike  cell 
sys tems.  E n t e r o e h r o m a f f i n  cells can  be  d e m o n s t r a t e d  in 
the  d iges t ive  t r a c t  qui te  ear ly  in t h e  fetal  d e v e l o p m e n t  
and  the i r  capac i ty  to  p roduce  and  s tore  5HT is fully 
es tab l i shed  well before b i r th  la. This  seems to  cor respond  
to  t h e  ear ly  appea rance  of gastr ic  D O P A  decarboxylase .  

The hi gh h is t id ine  deca rboxy lase  ac t iv i ty  of t he  s t o m a c h  
dur ing  fe ta l  d e v e l o p m e n t  is co inc iden t  w i th  a genera l ly  
high h i s t amine - fo rming  capac i ty  in t issues of t he  fe ta l  
r a t  ~4 and  conf i rms  earlier obse rva t ions  by  KAHLSON et  a l )  5. 

Table II. Histidine decarboxylase and DOPA decarboxylase in the 
fetal rat stomach a 

Days Histidine DOPA 
after decarboxylase decarboxylase 
mating activity, activity, 

nmoles COJmg/h nmoles COflmglh 

17 55.8 × 10 4 _ 
18 42.6 x 10 4 _ 
19 15.0 × 10 -~ 17.8 x 10 -2 
20 1.4 x 10 -~ 17.8 x 10 -~ 
21 0.2 × 10 a - 
2 2 - a t b i r t h  0 7 ×10 -2 

a Stomachs were pooled from all embryos of the litter, cut open, 
blotted on filter paper and weighed. Special care was taken in 
dissection to avoid contamination of the stomach with hepatic and 
pancreatic tissue. The results given are fronl duplicate determinations 
on 1 litter at each stage. 
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T h e  decrease  in gas t r i c  h i s t i d ine  d e c a r b o x y l a s e  s h o r t l y  
before  b i r t h  fol lows t h e  genera l  dec l ine  of t h e  a c t i v i t y  of 
t h i s  e n z y m e  in  o t h e r  t issues.  I t  is un l ike ly  t h a t  t he  gas t r ic  
h i s t i d ine  d e c a r b o x y l a s e  of t he  fe ta l  r a t  is r e l a t ed  to  a 
specific cell sys tem.  T he  p o t e n t  e n z y m e  a c t i v i t y  m a y  
p e r h a p s  ref lect  t h e  h i g h  m i t o t i c  a c t i v i t y  a t  th i s  s tage~< 
I n  sp i t e  of t he  h i g h  h i s t id ine  d e c a r b o x y l a s e  a c t i v i t y  of 
t h e  s t o m a c h  of t he  fe ta l  r a t ,  i t s  h i s t a m i n e  c o n t e n t  is q u i t e  
low 4. T h e  e n t e r o c h r o m a f f i n - l i k e  cells h a v e  t h e  c a p a c i t y  
t o  p r o d u c e  a n d  s to re  m o n o a m i n e s  a l r e a d y  a t  t h e  t i m e  of 
b i r t h  x3. H i s t a m i n e ,  however ,  c a n n o t  be  d e m o n s t r a t e d  
h i s toehemica l ly  in these  ceils u n t i l  a b o u t  6 -8  days  a f t e r  
b i r t h  a n d  a d u l t  levels  are  obse rved  one  m o n t h  l a t e r  4. T h e  
increase  in gas t r i c  h i s t a m i n e  seems to  be  co r re l a t ed  w i t h  
t he  change  in a c t i v i t y  of h i s t i d ine  deca rboxy la se ,  indi -  
c a t i n g  a local  s y n t h e s i s  of t h e  a m i n e  w i t h i n  t h e  en te ro -  
ch romaf f in - l i ke  ceils. A p p a r e n t l y  t h e  c y t o c h e m i c a l  p roper -  
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Activities of histidine decarboxylase and DOPA decarboxylase in the 
stomach of the developing rat. All animals were killed between 
09.00 and 10.00 to ensure a uniform state of feeding. The whole 
stomach wall was taken for enzyme assays. Adult values are the 
mean of 7 determinations (vertical bars give standard error of the 
mean); all other values are the mean of 2-4 determinations. Each 
determination was made in duplicate. The curves were fitted visually. 

t ies  of t h e  e n t e r o c h r o m a f f i n - l i k e  cell s y s t e m  are  n o t  fu l ly  
e s t a b l i s h e d  u n t i l  a p p r o x i m a t e l y  1 m o n t h  a f t e r  b i r t h .  

I t  was  n o t e d  t h a t  s h o r t l y  a f t e r  t h e  onse t  of t he  increase  
in gas t r ic  h i s t i d ine  d e c a r b o x y l a s e  t h e  y o u n g  r a t  s t a r t e d  
s u p p l e m e n t i n g  mi lk  w i t h  a d u l t  r a t  food (16-18 d a y s  a f t e r  
b i r th ) .  A t  t h e  s tage  w h e n  t h e  a d u l t  e n z y m e  a c t i v i t y  was  
a t t a i n e d ,  a d u l t  food h a b i t s  were  e s t ab l i shed .  The  m a t u r a -  
t i on  process  of t h e  e n t e r o c h r o m a f f i n - l i k e  cells also seems 
to  coinc ide  w i th  t h e  e s t a b l i s h m e n t  of n o r m a l  h y d r o c h l o r i c  
ac id  sec re t ion  le. 

Gas t r i c  h i s t i d ine  d e c a r b o x y l a s e  in t h e  a d u l t  r a t  is a n  
a d a p t i v e  e n z y m e  a n d  can  be  a c t i v a t e d  b y  a n u m b e r  of 
phys io logica l  a n d  pha rmaco log i ca l  stimuliT.17, is. Pro-  
longed s t a r v a t i o n  causes  a m a r k e d  r e d u c t i o n  of t he  gas t r i c  
h i s t i d i n e  deca rboxy la se  a c t i v i t y  whe rea s  i n j ec t i on  of gas- 
t r i n  to  s t a r v e d  a d u l t  r a t s  r e su l t s  in a 10: 20-fold a c t i v a t i o n .  
I n  t h e  y o u n g  r a t  (14-17 d a y s  old),  however ,  n e i t h e r  
s t a r v a t i o n  no r  i n j e c t i o n  of ga s t r i n  a f fec ted  t h e  e n z y m e  
a c t i v i t y  (Tab le  I I I ) .  Th i s  m a y  i n d i c a t e  t h a t  d u r i n g  t h i s  
pe r iod  gas t r i c  h i s t i d ine  d e c a r b o x y l a s e  is a l r e a d y  m a x i -  
ma l ly  a c t i v a t e d  a n d  t h a t  t he  r e g u l a t i o n  m e c h a n i s m  w h i c h  
re la tes  t h e  e n z y m e  a c t i v i t y  to  food i n t a k e  a n d  s t a r v a t i o n  
h a s  n o t  ye t  been  es tab l i shed ,  Af te r  18-19  d a y s  of age, 
s t a r v a t i o n  caused  a m a r k e d  decrease  in  gas t r i c  h i s t i d ine  
deca rboxy la se ,  w h i c h  could  be  c o u n t e r a c t e d  b y  t h e  in jec-  
t i on  of g a s t r i n  19. 

Zusammen/assung. I m  M a g e n  de r  f6 t a l en  R a t t e  er- 
r e i ch t  die D o p a d e c a r b o x y l a s e - A k t i v i U i t  19 Tage  n a c h  de r  
P a a r u n g  W e r t e ,  die den  Akt iv i t~ i t swer ten  des  e r w a c h s e n e n  
Tieres  e n t s p r e c h e n .  Die  A k t i v i t g t  b l e i b t  a u c h  w/ ih rend  
de r  we i t e r en  t~n twick lung  hoch .  Die  H i s t i d i n d e c a r b o x y -  
tase des  IS ta l en  R a t t e n m a g e n s  is t  w~ihrend de r  e m b r y o -  
na len  E n t w i c k l u n g  hoch,  a b e r  die A k t i v i t / i t s w e r t e  fa l len 
bei  de r  G e b u r t  zu n i c h t  m e s s b a r e n  W e r t e n  ab.  Ungef / ih r  
8 Tage  pos t  p a r t u m  s t e ig t  die H i s t i d i n d e c a r b o x y l a s e  des 
Magens  wieder  a n  u n d  e r r e i ch t  e inen  M o n a t  n a c h  de r  
G e b u r t  W e r t e ,  die d e n  A k t i v i t ~ t s w e r t e n  des e r w a c h s e n e n  
Tieres  e n t s p r e c h e n .  I n  de r  j u n g e n  R a t t e  wi rd  die Magen-  
h i s t i d i n d e c a r b o x y l a s e  wede r  d u r c h  G a s t r i n i n j e k t i o n  n o c h  
d u r c h  H u n g e r n  bee in t r / i ch t ig t .  V o m  18. T a g  n a c h  d e r  
G e b u r t  a n  k a n n  die E n z y m a k t i v i t ~ t  d u r c h  H u n g e r n  ver-  
r i nge r t  u n d  d u r c h  G a s t r i n  wieder  e r h 6 h t  werden .  

Table III. Effect of starvation and gastrin injection on gastric 
histidine deearboxylase in young and adult rats 

Age in 
days 

Histidine deearboxylase activity 
nmoles CO~ x 10-4/mg/h 
Starvation a Gastrin b 

14 5.0 4- 1.4 (3) 4.0 (2) 
15 9.8 (2) 9.2 (2) 
16 10.4 ± 5.4 (4) 9.2 ± 3 (4) 
17 20.0 4- 5.6 (4) 28.0 4- 2.6 (4) 
18 8.0 4- 4.8 (5) 21.0 (2) 
19 3.8 4- 1.4 (5) 15.4 (2) 
20 1.4 4- 0.4 (5) 15.0 -4- 4 (4) 
25 0,6 + 0,4 (3) 10.6 4- 0,6 (3) 
30 1.6 4- 1.4 (5) 14.0 4- 2,8 (3) 

Adult 1.6 4- 1.2 (4) 18.0 4- 2 (6) 

a All young rats were starved for 20-36 1l. Adult rats were starved 
for 36 h. The whole stomach wall was taken for enzyme assays. 
b Synthetic human gastrin TM was obtained through the courtesy of 
the American Gastroenterological Society. Gastrin was injected s,c. 
in a dose of 15/~g/kg. The rats were sacrificed 90 rain after injection, 
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