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di f fe ren t  vo lumet r i c  and  l igh t - sca t t e r ing  changes  t h a t  
lead to  t he  sugges t ion  t h a t  C1- can  p e n e t r a t e  t h r o u g h  the  
m e m b r a n e s  whereas  aceta te ,  p rop iona te ,  f o rma te  and  
p h o s p h a t e ,  n o t  only  p e n e t r a t e  t h rough  t h e  m e m b r a n e s  b u t  
also p e n e t r a t e  ' i n to '  t he  membranes ,  t r igger ing  conforma-  
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Fig. 3. Effect of chloride and acetate ions on Mg++-dependent ATPase 
activity and transphosphorylation of Pi from ATP to chromaffin 
granule membranes. Chromaffin granules were incubated for 20 min 
at 30°C in media containing 3 different concentrations of Ci- and 
CHACO0-. The incubation media contained 0.5 mM Mg ++ and 
0.5 mM [?_32p] ATP (specific activity, 0.54 ~Ci/~mole). When EDTA 
was present, Mg ++ was omitted from the incubation medium. EDTA 
(2.0 mM) or N-ethyl-maleimide (0.2 raM) was added to the medium 
5 rain prior to the addition of [7-~P]ATP. Addition of 10% trichlo- 
roacetic acid ternfinated the reactions. ATPase activity (A) and 
transphosphorylation of Pi from ATP (B) were determined as indi- 
cated in methods. Each bar represents the mean :[: S.E. of 4 
separate experiments. 

t iona l  changes  in th is  s t r u c t u r e t  Therefore  i t  is possible  
t h a t  ace ta t e  and  o t h e r  re lea ted  ions ac t  in a s imilar  m a n n e r  
upon  ch romaf f in  granule  m e m b r a n e s  a n d  mo d i f y  the  f inal  
r esponse  to  ATP.  

U n d e r  our  e x p e r i m e n t a l  condi t ions ,  20 m M  of C1- was  
necessary  for t he  A T P - e v o k e d  release react ion.  The  in t ra-  
cel lular  concen t r a t i ons  of C1- has  no t  ye t  been  d e t e r m i n e d  
in ch romaf f in  cells, bu t  if we assume  a pass ive  d i s t r ibu t ion  
of C1- according  w i t h  t he  t r a n s m e m b r a n e  potent ia l10  and  
using the  k n o w n  e x p e r i m e n t a l  values  for t he  res t ing  po-  
t en t ia l  (-24 to  -30 mV) of chromaff in  ccl ls :  1, the  ca lcula ted  
( theoret ical)  in t racel lu lar  concen t ra t ion  of C1- should be 
be tween  38 and  47 m M .  This  concen t r a t ion  is grea te r  t h a n  
t h a t  necessa ry  to  s u p p o r t  A T P - e v o k e d  ca techo lamine  re- 
lease in vi tro.  However ,  p r e l im ina ry  e x p e r i m e n t s  wi th  
bovine  adrena l  g lands  per fused  wi th  Locke ' s  solut ion con- 
t a in ing  e i ther  sod ium chloride,  sodium ace ta te  or sod ium 
sulfa te  showed no differences  when  ca techo lamine  release 
was evoked by  56 m M  of KC1 or CHaCOOK in the  pre-  
sence of 2.2 m M  Ca ++, bu t  a t  the  end  of the  2 h per fus ion  
per iod the  t issue level of C1- in the  medul lae  was 19 m M  
(14-24, n = 5) as d e t e r m i n e d  by  the  m e t h o d  of MATUK e t  
al. 12. F u r t h e r  s tud ies  us ing rad ioac t ive  t races  will be ne- 
cessa ry  before  def in i t ive  conclus ions  a b o u t  t he  role of C1- 
in t h e  sec re to ry  process  can  be made .  

Rdsumd. L ' A T P  indu i t  la l ib6ra t ion de ca t6cho lamines  
des granules  ch romaf f ines  m6dultaires .  Nous  d i scu tons  le 
r61e du C1- dans  ce processus  vis-a-vis  l ' ac t iv i t6  de I 'ATP-  
ase e t  la p h o s p h o r y l a t i o n  des m e m b r a n e s .  Nos  r6sul ta ts  
i nd iquen t  que  la r6act ion abou t i s s an t  ~ la l ibera t ion  de 
ca t6cholamines  est  un phenom6ne  c o m p o r t a n t  p lus ieurs  
6 tapes  6chelonn6es apr6s l ' hydro lyse  de I 'ATP.  

J. DWORKIND and  J. M. TRIFAR6 

Department o/ Pharmacology and Therapeutics, 
McGill University, 3655 Drummond Street, 
Montreal 109 (Qudbdc, Canada), 10 May 1971. 

10 j .  A. WILLIAMS, J. theor. Biol. 28, 287 (1970). 
11 W. "~V. DOUOLAS, T. KANNO and S. SAMPSON, J. Physiol., Lond. 

191, 107 (1967). - E. K. MATTItEWS, J. Physiol., Lond. 189, 139 
(1967). 

1-~ Y. MATUK, J. F. MANERY and E, E. DRYDEN, Can. J. Physiol. 
Pharmae. 47, 853 (1969). 

The Activation of Rat Stomach Histidine Decarboxylase is Independent of the Histamine Level 

Vagal  exc i t a t ion  (insulin hypoglycemia) ,  feeding or  in- 
jec t ion  05 gas t r in  are  k n o w n  to  mobi l ize  gast r ic  mucosa l  
h i s t amine  a n d  to  a c t i va t e  gastr ic  h i s t id ine  deearboxylase  
in t h e  fas ted  r a t : ,  3. Recen t ly ,  i t  was  sugges ted  t h a t  t h e  
h i s t amine -mob i l i z ing  and  e n z y m e - a c t i v a t i n g  effects  of 
vagal  exc i t a t ion  and  feeding are  m e d i a t e d  b y  endogenous  
gas t r in  3-5. KAHLSON et  al.:, 2 h a v e  p roposed  t h a t  mobi l ized 
h i s t a m i n e  s t imula te s  t he  par ie ta l  cell to  secrete  a n d  t h a t  
h i s t a m i n e  is the  f inal  c o m m o n  med ia to r  of t he  ac id -s t imu-  
la t ing  effect  of b o t h  gas t r in  and  vaga l  exc i ta t ion .  F r o m  
the  obse rva t ions  t h a t  the  gas t r in - induced  reduc t ion  of 
gas t r ic  h i s t amine  p receded  the  ac t iva t ion  of t he  h i s t amine -  
fo rming  enzyme,  and  t h a t  exogenous  h i s t amine  reduced  
the  e n z y m e  act iv i ty ,  i t  was conc luded  t h a t  the  h is t id ine  
deca rboxy lase  a c t i v i t y  is d e p e n d e n t  upon  the  mucosa l  
h i s t amine  c o n t e n t  via feed-back  m e c h a n i s m :  a low level 

of gast r ic  h i s t a m i n e  induces  e n z y m e  syn thes i s  to  rep lenish  
the  mucosa l  h i s t a m i n e  stores,  a h igh  level of gas t r ic  his t -  
amine  has  a repress ive  ef fec t  on  e n z y m e  syn thes i s  i, 3 How-  
ever,  ce r ta in  e x p e r i m e n t a l  obse rva t ions  are  a t  va r iance  
w i t h  t he  above  concept .  A t  a ce r ta in  dose  level, insulin act i-  
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v a t e s  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  w i t h o u t  a f fec t ing  t he  
ga s t r i c  h i s t a m i n e  c o n t e n t  ~. P o r t a - c a v a t - s h u n t e d  r a t s  h a v e  
a n  increased  gas t r i c  h i s t a m i n e  c o n t e n t  as  wel t  as  m a r k  ed ly  
inc reased  e n z y m e  a c t i v i t y  ~, s Vaga l  d e n e r v a t i o n  causes  a 
d r a m a t i c  increase  in t h e  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  
ac t iv i ty ,  a l t h o u g h  t h e  level  of  gas t r i c  h i s t a m i n e  r e m a i n s  
n o r m a l  4, 9, ~0. F ina l ly ,  r e m o v a l  of t h e  endogenous  g a s t r i n  
s tores  b y  a n t r e c t o m y  reduces  b o t h  gas t r i c  h i s t a m i n e  a n d  
gas t r ic  h i s t i d ine  d e c a r b o x y l a s e  ac t iv i ty3 ,  n .  T he  l a t t e r  
f i nd ing  suggests  t h a t  low gas t r ic  h i s t a m i n e  in  i tse l f  does  
n o t  a c t i v a t e  h i s t i d ine  deca rboxy lase .  R a t h e r ,  i t  seems t h a t  
ga s t r i n  exe r t s  a dua l  ac t ion  on  t h e  gas t r ic  h i s t a m i n e - s t o r i n g  
cell  in  t h a t  i t  mobi l izes  h i s t a m i n e ,  c o n c o m i t a n t l y  - b u t  in-  
d e p e n d e n t l y  - s t i m u l a t i n g  t h e  s y n t h e s i s  of h i s t i d ine  de-  
ca rboxylase .  T h i s  a s s u m p t i o n  was  t e s t e d  b y  fo l lowing t h e  
changes  in t h e  gas t r i c  h i s t a m i n e  c o n t e n t  a n d  t h e  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  a c t i v i t y  a f t e r  r e p e a t e d  in jec t ions  
of p e n t a g a s t r i n ,  a n d  b y  c o m p a r i n g  t h e  h i s t a m i n e  c o n t e n t  
a n d  t he  e n z y m e  a c t i v i t y  in fas ted,  re-fed a n d  freely fed ra ts .  

Male W i s t a r  r a t s  (weighing 150-250 g) were  fed a d ie t  
of food pe l le t s  ad  l i b i t u m  or  fas ted  for  48 h (free access to  
wate r )  before  sacrifice.  One group  of f a s t ed  r a t s  was  g iven  
access to  food for 2 h before  sacrifice. A n o t h e r  g roup  re- 
ce ived  p e n t a g a s t r i n  ( P e p t a v l o n  ®, 250 ~g/kg,  s.c.) h o u r l y  
for va r ious  t i m e s  u p  to  12 h a n d  were ki l led a f t e r  1, 2, 4, 8 
a n d  12 h b y  e x s a n g u i n a t i o n  u n d e r  l i gh t  e t h e r  anaes thes i a .  
F a s t e d  con t ro l s  were g iven  0 .9% sal ine  a n d  ki l led 1 or  2 h 
l a t e r  or  sacr i f iced w i t h o u t  a n y  t r e a t m e n t .  T h e  m u c o s a  of 
t h e  o x y n t i c  g l a n d  a r ea  was  sc raped  off, weighed  a n d  h o m o -  
genized  in 0.1 M p h o s p h a t e  buffer ,  p H  6.9, t o  a f ina l  con-  
c e n t r a t i o n  of  100 m g  t i s sue  (wet  we igh t )  pe r  ml.  Af te r  
c e n t r i f u g a t i o n  a t  5,000 × g  for  10 m i n  in  a re f r ige ra ted  cen-  
t r i fuge,  a l i quo t s  (0.4 ml)  of t he  s u p e r n a t a n t  were  t a k e n  
for  a s say  of h i s t i d ine  deca rboxy la se  ~ us ing  1-14C-L-histi - 
d ine  (specific r a d i o a c t i v i t y :  1.3 m c / m M ;  N ew  E n g l a n d  
Nuclear )  as subs t r a t e .  Compos i t ion  of i n c u b a t i o n  mix-  
t u r e :  Gas t r i c  mucosa l  e x t r a c t  ( cor responding  to  40 m g  
mucosa ,  we t  weight) ,  1-14C-L-histidine (4 x 10-~M), pyr i -  
d o x a l - 5 ' - p h o s p h a t e  (10-~M) a n d  g l u t a t h i o n e  (5 × 10-~M) 

in  a t o t a l  v o l u m e  of 0.5 nfi  were i n c u b a t e d  u n d e r  n i t r o g e n  
a f  37°C for  1 h. E n z y m e  ac t iv i t i e s  were  expressed  as 
nmoles  14CO2 p r o d u c e d  pe r  nag t i s sue  pe r  hour .  Al l  a s says  
were  r u n  in  dup l i ca te .  F o r  d e t e r m i n a t i o n  of gas t r i c  h i s t -  
a m i n e  t he  p r o t e i n s  of t h e  mucosa l  h o m o g e n a t e  were  pre-  
c i p i t a t e d  w i t h  5 %  t r i ch lo roace t i c  acid.  T h e  dep ro t e in i zed  
s amp le s  were e x t r a c t e d  a t  a n  a lka l ine  p H  w i t h  a m i x t u r e  
of n - b u  t ano l  a n d  ch lo ro fo rm (3 : 1) as p rev ious ly  descr ibed  1~. 
E x t r a c e d  h i s t a m i n e  was  d e t e r m i n e d  f l uo rome t r i ca l l y  ~, ~3. 

The  level  of gas t r i c  h i s t a m i n e  in f reely fed r a t s  was  
lower  (0.01 < P < 0.05) t h a n  in  fas ted  r a t s  b u t  h i g h e r  
( P  < 0.001) t h a n  in fas ted ,  re ied  ra ts .  Re feed ing  caused  
a s ign i f i can t  e l eva t i on  of t h e  gas t r ic  h i s t id ine  d e c a r b o x y -  
lase  ac t iv i ty ,  b u t  t he  e n z y m e  a c t i v i t y  was  h i g h e r  (0.001 < 
P < 0.01) in  f ree ly  fed r a t s  (Table).  

1 h a f t e r  a s ingle  i n j e c t i o n  of p e n t a g a s t r i n ,  t h e  gas t r i c  
h i s t a m i n e  of t h e  f a s t ed  r a t s  was  m a r k e d l y  r educed  
(0.001 < P < 0.01) a n d  t h e  gas t r i c  h i s t i d ine  d e c a r b o x y -  
lase a c t i v i t y  was m o d e r a t e l y  inc reased  (0.01 < P < 0.05) ; 
i n j ec t i on  of sa l ine  was  w i t h o u t  effect  (Table) .  R e p e a t e d  
in j ec t ions  of p e n t a g a s t r i n  caused  a p rogess ive  increase  
in t h e  e n z y m e  ac t iv i ty .  T h e  h i s t a m i n e  c o n t e n t  was  max i -  
m a l l y  reduced  a f t e r  2 in j ec t ions  of p e n t a g a s t r i n ,  t he re -  
a f t e r  i t  increased,  r e a c h i n g  n o r m a l  va lues  a f t e r  12 h 
(Figure) .  Accord ing  to  t h e  concep t  of KAHLSON e t  al. 1,~, 
t h e  a c t i v a t i o n  of 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 con-  
sequence  of t h e  g a s t r i n - i n d u c e d  r e d u c t i o n  of mucosa l  h i s t -  
amine .  S ince  r e p e a t e d  in j ec t ions  of ga s t r i n  (and  p e n t a -  
gas t r in )  cause  a p rogress ive  increase  in  t h e  e n z y m e  act i -  
v i t y  1, t h i s  h y p o t h e s i s  p re supposes  a p rogress ive  r e d u c t i o n  
of t he  gas t r i c  h i s t a m i n e  c o n t e n t ,  or  a t  l eas t  a p e r s i s t e n t l y  
low level  of gas t r i c  h i s t a m i n e .  I n  t h e  p r e s e n t  s tudy ,  i t  
cou ld  be  s h o w n  t h a t  a f t e r  a n  in i t i a l  r educ t ion ,  gas t r i c  
h i s t a m i n e  reaches  n o r m a l  levels  a f t e r  a b o u t  12 h of p e n t a -  
g a s t r i n  t r e a t m e n t ,  c o n c e i v a b l y  as a r e su l t  of a n  acce le ra ted  
r a t e  of h i s t a m i n e  fo rma t ion .  I t  m a y  the re fo re  be  conc luded  
t h a t  t h e  g a s t r i n - i n d u c e d  a c t i v a t i o n  of 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 no t  d e p e n d e n t  u p o n  a r educed  gas t r i c  
h i s t a m i n e  level  14. 

Histidine decarboxylase activity and histamine content in gastric 
mucosa. Effect of fasting, feeding and pentagastrin treatment. Means 
4- SEM (n). 

nmoles CO~ × 10-3/mg/h t£g histamine/g 

Freely fed 47.0 4- 6.3 (10) 40.0 4- 5.9 (10) 
Fasted (48 h) 5.0 ± 0.7 (10) 55.6 4- 2.8 (13) 
Fasted, refed 24.2 ~ 2.5 (18) 30.4 ~ 4.2 (9) 
Fasted, pentagastrin 23.8 4- 6.7 (6) 41.1 4- 3.2 (15) 
250 ~tg/kg, s,c, 
Fasted, saline 0.9% 3.8 ~ 1.4 (7) 62.5 q- 6.7 (8) 
10 ml/kg, s.c. 
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Effect of repeated injections of pcntagastrin (250 [zg/kg, hourly) on 
rat  stomach histidine deearboxylase activity ( (3- -O)  and histamine 
content (Q--O). Means 4- S.E.M., at least 5 animals in each group. 

Zusammen[assung. N a c h  w i e d e r h o l t e r  P e n t a g a s t r i n -  
I u j e k t i o n  w u r d e  e in  p rogres s ive r  Ans t i eg  de r  ga s t r i s chen  
H i s t i d in -Deca rboxy l a se -Ak t iv i t~ t t  in  n i i c h t e r n e n  R a t t e n  
ge funden .  N a c h  an f~ng l i che r  A b n a h m e  s t e ig t  de r  gas t r i -  
sche  H i s t a m i n s p i e g e l  u n d  e r r e i ch t  n a c h  12 s t f indiger  ]3e- 
h a n d l u n g  Norma lwer t e ,  was  beweis t ,  dass  die p e n t a g a s t r i n -  
i n d u z i e r t e  A k t i v i e r u n g  de r  E n z y m a k t i v i t ~ t  yore  H i s t a m i n -  
spiegel  u n a b h ~ n g i g  ist.  
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