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ABSTRACT 

In a suspension of isolated gastric glands the effect of secretagogues on 

the oxyntic cells can only be detected by direct stimulation. An indirect 

stimulus like gastrin inducing one type of cell to liberate histamine which 

then acts on the oxyntic cells will not be detectable because of the very 

high dilution of the liberated substance. Thus the isolated gland preparation 

presents a meansby which two steps in a sequential stimulation can be separated. 

There is no evidence that gastrin acts directly on the oxyntic cells but it 

does liberate histamine in a dose-effect relationship, which would in an 

intact stomach give histamine concentrations sufficient to effectively stimu- 

late the acid secretion. Thus in the rabbit histamine seems to be a normal 

physiological mediator for gastrin stimulation. 

INTRODUCTION 

Ever since Code in 1956 (7) suggested histamine as a final common mediator 
for all stimulants of gastric acid secretion this has been a matter of dispute, 

and so far unequivocal results allowing a final conclusion have not been re- 

ported. Several bits of evidence support the view that histamine constitutes 

the final step in a stimulatory chain. For instance both cholinergic stimu- 

lation and gastrin mobilize histamine from the gastric mucosa and increase the 

"histamine-forming capacity" of the gastric mucosa (for references see 14) ; 

H2-receptor blockers inhibit secretion not only after histamine but also after 

gastrin and cholinergic agonists (5); the isolated frog gastric mucosa is 

exhausted by repeated stimulation with cholinergic agents or gastrin, but 

still responds to histamine (13); the parietal cells in the rabbit mucosa 

seem to lack gastrin receptors ( 3 ,  4). There is, however, evidence that 
appears inconsistent with simple sequential hypothesis that gastrin acts by 

the liberating of histamine (11, 18, 19). For reviews on this topic the reader 

is referred to elsewhere (8, 12, 14, 15). 

One reason for the divergent opinions is that the experimental results 
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have not  allowed c o n c l u s i v e  i n t e r p r e t a t i o n s .  It h a s  been shown undoubtedly 

t h a t  g a s t r i n  can  form and probably release his tamine,  and i t  i s  e q u a l l y  t r u e  

t h a t  his tamine s t i m u l a t e s  g a s t r i c  s e c r e t i o n ,  but  i t  has  not  been p o s s i b l e  t o  

prove t h a t  t h e s e  two e v e n t s  work s e q u e n t i a l l y .  

This  paper d e a l s  w i t h  a technique t h a t  has  made it p o s s i b l e  t o  ana lyze  t h e  

two s t e p s  s e p a r a t e l y .  We conclude t h a t  i t  i s  probable  t h a t  h i s tamine  i s  i n  

f a c t  t h e  f i n a l  s t i m u l a t o r y  mediator  f o r  g a s t r i n  i n  t h e  r a b b i t  g a s t r i c  mucosa. 

METHODS 

I s o l a t e d  g a s t r i c ' g l a n d s .  The experiments were performed on i s o l a t e d  g lands  

from t h e  r a b b i t  mucosa prepared a s  t o  Bergl indh & Obrink (3) .  B r i e f l y ,  s a l i n e  

i s  perfused a t  h igh  p r e s s u r e  through t h e  mucosal blood v e s s e l s  producing 

a s l i g h t  mechanical s e p a r a t i o n  of t h e  glands.  Col lagenase t rea tment  of t h e  

exised mucosa completes t h e  s e p a r a t i o n  ( s e e  Fig.  1 ) .  The y i e l d  i s  normally 

about  750 mg (wet weight)  per  stomach. The g lands  were subsequent ly  suspended 

i n  a n u t r i e n t  s o l u t i o n  i n  a c o n c e n t r a t i o n  of about  15  mg/ml corresponding 

t o  3 mg d r y  weight per  m l .  

Fig.  1. A scanning e l e c t r o n  micro- 
scopic  view of an  i s o l a t e d  g a s t r i c  
gland from t h e  r a b b i t  g a s t r i c  mucosa. 
The bulging c e l l s  are t h e  p a r i e t a l  
c e l l s .  The whi te  l i n e  r e p r e s e n t s  50 um. 

Experimental procedure. 

Determinat ion of g landular  a c t i v i t y  was made by measuring t h e  oxygen 

consumption ( 3 )  and/or  t h e  accumulation of t h e  weak base Aminopyrine (AP) ( 2 )  

Histamine l i b e r a t e d  a f t e r  p e n t a g a s t r i n  t rea tment  es t imated a s  fol lows:  

Glandular suspension were prepared i n  t h e  u s u a l  way ( 3 ) .  When p e n t a g a s t r i n  was 

used i t  was added from t h e  beginning t o  t h e  suspension which was kept  i n  a 

37OC water b a t h  f o r  15  minutes .  The g lands  were then  spun down a t  2000 x g 
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(2  min) and t h e  superna tan t  kept  f o r  subsequent h i s tamine  ana lyses .  

Histamine determination. Histamine i n  t h e  suspending medium w a s  measured 

by a m o d i f i c a t i o n  (9,  10) of t h e  o r i g i n a l  method of Shore et  a l .  (17) as 

fo l lows  : The g l a n d u l a r  suspension was c e n t r i f u g e d  a t  2000 x g f o r  a few 

minutes .  The superna tan t  ( about  5 m1)was t h e n  c e n t r i f u g e d  f o r  20 minutes  a t  

28.000 x g.  The new superna tan t  was mixed w i t h  36% (w/v) t r i c h l o r o a c e t i c  

a c i d  (TCA) i n  t h e  p r o p o r t i o n  1 O : l  i n  o r d e r  t o  p r e c i p i t a t e  t h e  albumin added 

dur ing  t h e  p r e p a r a t i o n  of t h e  g lands .  The mixture  was l e f t  over n i g h t  a t  +4Oc. 

The p r e c i p i t a t e  was c e n t r i f u g e d  down a t  2000 x g (10 min) .  The superna tan t  

was f r e e d  from TCA by shaking w i t h  a double  volume of e t h y l e t h e r .  To 4 m l  of 

t h e  water  phase 1 .2  g of N a C 1 ,  0.6 m l  3 M  NaOH and 1 0  m l  n-butanol were added. 

The mixture  w a s  shaken f o r  5 minutes  and c e n t r i f u g e d .  9 .5  m l  of t h e  butanol- 

phase were p i p e t t e d  i n t o  5 m l  heptane t o g e t h e r  w i t h  2 .3  m l  of 0.12 M HCL and 

thoroughly mixed. Two m l  of t h e  water-phase were used f o r  condensa t ion  w i t h  

o-phthalaldehyde (OPT) as f o l l o w s  ( a l l  t h e  r e a c t i o n s  were performed a t  ice- 

temperature) :  To t h e  2 m l  sample 400 1-11 1 M  NaOH and 1001-11 f r e s h l y  prepared 

0.2% (w/v) OPT d i s s o l v e d  i n  a b s o l u t e  methanol were added and thoroughly mixed. 

The r e s u l t i n g  pH = 12.5. A f t e r  30 minutes  t h e  r e a c t i o n  w a s  stopped by a d d i t i o n  

of 250 p l  0.88 m H2S04 which gave a pH of 2.5. 

The sample was now allowed t o  w a r m  up t o  room tempera ture  and t h e  f l u o r e -  

scence was determined w i t h  a Farrand Rat io  Fluorometer-2. 

S tandards  w i t h  known amounts of h i s tamine  were t r e a t e d  i n  a n  i d e n t i c a l  

manner, except  f o r  t h e  absence of g lands .  

P e n t a g a s t r i n  w a s  ob ta ined  e i t h e r  as a pure  subs tance  from I C I  o r  as 
R Peptavlon . 

Aminopyrine (n-4-dimethyl- 14C) w i t h  a s p e c i f i c  of 3 .15 GBq (85.0 

mCi p e r  mmo1e)was purchased from NEN Chemicals. 

RESULTS 

The e f f e c t  of h i s tamine  on i s o l a t e d  g a s t r i c  g lands .  These r e s u l t s  a r e  t h o s e  

repor ted  earlier from t h i s  l a b o r a t o r y  ( 3 ) .  Fig. 2 shows a dose-ef fec t  curve  

r e l a t i n g  t h e  i n c r e a s e  i n  oxygen consumption t o  t h e  dose  of histarnine. It can 

be seen  t h a t  t h e  ED50 f o r  h i s tamine  i s  about  3 1 0  M.  The lowest  concentra-  

t i o n  of h is tamine  g i v i n g  a d e t e c t a b l e  i n c r e a s e  i n  oxygen consumption w a s  

about  10-7M. 

-6 

The e f f e c t  of p e n t a g a s t r i n  on i s o l a t e d  g a s t r i c  g lands  has  l i k e w i s e  been 

repor ted  from our  l a b o r a t o r y ( 2 ) .  Pure p e n t a g a s t r i n  was completely without  e f fec t  

whi le  PeptavlonR showed a t r a n s i e n t  i n c r e a s e  i n  oxygen consumption. The 

d iscrepancy  w a s  shown t o  depend on t h e  NH4+ i o n s  i n  t h e  Peptavlon-solvent .  
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Fig. 2. Dose-effect r e l a t ionsh ip  
between histamine s t imula t ion  
and increase  i n  oxygen consump- 
t i o n  i n  i so l a t ed  g a s t r i c  glands.  
From (3). 
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Dose Histamine 

It was suggested from these  experiments t ha t  the  r abb i t  p a r i e t a l  c e l l s  i n  

the  glandular prepara t ion  lacked g a s t r i n  receptors .  The f ind ings  could r e s u l t  

e i t h e r  because the  p a r i e t a l  c e l l  receptors  f o r  g a s t r i n  had been l o s t  during 

prepara t ion ,  o r  because t h e  p a r i e t a l  c e l l s  do not normally have such receptors  

I n  t h e  l a t t e r  case ,  t h e  f a i l u r e  of g a s t r i n  t o  s t imula te  t h e  i so l a t ed  glands 

( i n  con t r a s t  t o  i t s  s t imula tory  e f f e c t  i n  the  i n t a c t  stomach)could be ex- 

plained i n  the  following way : g a s t r i n  normally l i b e r a t e s  histamine from 

histamine-containing c e l l s  i n  the  v i c i n i t y  of the  p a r i e t a l  c e l l s .  Due t o  the  

very narrow space i n  which t h i s  occurs, t he re  w i l l  be a r a t h e r  high concen- 

t r a t i o n  of histamine a t  t h e  p a r i e t a l  c e l l  sur face .  I n  the  case of i so l a t ed  

glands,  however, t he  l i be ra t ed  histamine w i l l  be highly d i lu t ed  thus giving 

only subthreshold concentrations a t  t he  p a r i e t a l  c e l l  surface.  

Logically the  next s t ep  would be t o  t r y  t o  i d e n t i f y  histamine poss ib ly  

re leased  i n t o  the  gland suspension a f t e r  g a s t r i n  administration. 

The e f f e c t  of pentagas t r in  on histamine l i b e r a t i o n .  I n  order t o  f a c i l i t a t e  

t h e  de t ec t ion  of histamine i n  the  suspension the  glands were concentrated 

about four fo ld  t o  about 10 t o  1 2  mg dry  weightfml. A fu r the r  increase  was 

not poss ib le  due t o  t h e i r  tendency t o  clump. 

Pentagas t r in  a s  PeptavlonR w a s  added i n  d i f f e r e n t  concentrations t o  t h e  

glandular preparation. Fig. 3 shows the  r e s u l t i n g  concentrations of histamine 

i n  t h e  supernatant reca lcu la ted  t o  the  concentration of histamine t h a t  would 

have been l i be ra t ed  by 3 mg dry  weight of glands/ml. A dose dependent r e l ease  

of histamine was obtained and de tec t ab le  amounts of histamine appeared a f t e r  

pentagastrin.  Di f fe ren t  populations of glands,  however, gave d i f f e r e n t  

maximal concentrations of l i b e r a t e d  histamine. The highest  obtained was 

0.85 x 

r e l ease  was about 0.36 x 10 M. 

M per 3 mg dry weight of glands per m l ,  whereas the  lowest maximal 
-7 
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It i s  t h e r e f o r e  of d o u b t f u l  v a l u e  t o  a n a l y s e  t h e  dose-ef fec t  curve  s t a t i s t i -  

c a l l y  but  F ig .  3 shows a t y p i c a l  r e s u l t .  Pure p e n t a g a s t r i n ,  d i s s o l v e d  i n  a N a C l  

s o l u t i o n  a l k a l i n i z e d  w i t h  NaOH, a l s o  gave similar r e s u l t s .  

X- 

Fig .  3. Histamine l i b e r a t e d  i n  a 
suspension of i s o l a t e d  g a s t r i c  
g lands  a f t e r  t rea tment  w i t h  d i f f e -  
rent doses  of p e n t a g a s t r i n .  The 
h is tamine  c o n c e n t r a t i o n  has  been 
c a l c u l a t e d  f o r  a g l a n d u l a r  concen- 
t r a t i o n  of 3 mg d r y  weight lml  of 
suspension,  which was t h e  c o n d i t i o n  
i n  prev ious  r e p o r t s  ( 2 ,  3) .  

- 
- 3 mg dry w t  /ml 

- i 
/x 

Is t h e  f l u o r e s c e n t  a c t i v i t y  r e a l l y  h is tamine  ? 

The OPT-condensation method d e t e c t s  not only h is tamine  but  a l s o  o t h e r  com- 

pounds such as spermidine,  a r g i n i n e ,  g l u t a t h i o n e ,  h i s t i d i n e  and p e p t i d e s  

w i t h  N-terminal h i s t i d i n e .  Most of t h e  s u b s t a n c e s  r e a c t i n g  w i t h  OPT do not  

show t h e  same s p e c t r a l  peaks f o r  a c t i v a t i o n  and f l u o r e s c e n c e  (17), a l though 

t h e r e  are a few except ions .His t id ine  may show similar r e a c t i o n s  as h is tamine ,  

but t h e  butanol  e x t r a c t i o n  most ly  e l i m i n a t e s  t h i s  i n t e r f e r e n c e .  S i m i l a r l y  

spermidine c a n  be d i s t i n g u i s h e d  from his tamine  by formaldehyde-treatment which 

e l i m i n a t e s  t h e  h is tamine  r e a c t i o n ,  o r  cadmium treatment which e l i m i n a t e s  t h e  

spermidine r e a c t i o n  (10). I n  t h i s  way spermidine w a s  excluded from our  r e s u l t s .  

S p e c t r a l  a n a l y s e s  as shown i n  F ig .  4 as  w e l l  as r e s u l t s  w i t h  butanol  

e x t r a c t i o n ,  formaldehyde and cadmium t r e a t m e n t s  i n d i c a t e  that t h e  f l u o r e s c e n c e  

i n  a l l  p r o b a b i l i t y  was due t o  h is tamine .  

Attempts t o  i n c r e a s e  t h e  h is tamine  concent ra t ion .  

A s  it seems necessary  t o  o b t a i n  a h is tamine  c o n c e n t r a t i o n  h igher  t h a n  lO-’M 

i n  o r d e r  t o  d e t e c t  p a r i e t a l  ce l l  a c t i v i t y  ( s e e  Fig.  l ) ,  an obvious procedure  

would be t o  i n c r e a s e  t h e  c o n c e n t r a t i o n  of g lands  i n  t h e  suspension.  T h i s  was not  

f e a s i b l e ,  however, due t o  t h e  clumping tendency when the gland c o n c e n t r a t i o n  
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Activation spectra ( n m )  Fluorescence spectra (nrn) 

Fig. 4 .  Activation and fluorescence spec t r  i n  the  "histamine" condensation -7 wi th  o-phthalaldehyde. 1. Blank; 2. 2 .7  x 10 
histamine i 1 M CHO; 4 .  Extraglandular f l u i d ,  background; 5. Extraglandular 
f l u i d ,  a f t e r  lo-' M pentagas t r in ;  6 .  Extraglandular f l u i d ,  a f t e r  
g a s t r i n  + 1 M HCHO. Note the  s i m i l a r i t i e s  of t h e  spec t ra  from the  extraglandular 
f l u i d  and from pure histamine. 

d histamine; 3 .  2.7 x 10-?M 

M penta- 

c 

was higher than the  10 - 12 mg dry weight per  m l ,  used i n  t h e  present experi- 

ments. 

Attempts t o  p o t e n t i a t e  t h e  histamine e f f e c t  on the  i so l a t ed  glands. 

It i s  well  documented t h a t  histamine a c t s  through the  a c t i v a t i o n  of adenyl 

cyc lase .  Concomitant treatment wi th  a phosphodiesterase i n h i b i t o r  l i k e  theo- 

phyl l ine ,  necessar i ly  l eads  t o  an e f f e c t  which i s  g rea t e r  than t h e  sum of the  

two indiv idua l  treatments ( 4 ) .  This f a c t  was u t i l i s e d  i n  an attempt t o  unmask 

an a c t i v i t y  of histamine too  small t o  be de tec ted  on i t s  own. 

I n  the  f i r s t  type of experiment, subthreshold doses of histamine ( s imi la r  

i n  s i z e  t o  those l i be ra t ed  by pentagas t r in)  were combined with theophylline.  

I n  a second type of e ~ p e r i m e n t ~ p e n t a g a s t r i n  was combined wi th  theophylline.  

Fig. 5 shows t h e  e f f e c t  of these  combined treatments.  I n  the  cont ro l  experi- 

ments t h e  AE' accumulation i n  unstimulated glands was observed f o r  90 minutes 

a t  which time theophylline (5 x was added. A c l e a r  increase  i n  the  AP 
accumulation was seen ind ica t ing  increased p a r i e t a l  c e l l  a c t i v i t y .  When h i s t a -  

mine (1.6 x 10 M) w a s  added a t  60 minutes no e f f e c t  was seen u n t i l  t he  theo- 

phyl l ine  was administered ( a t  90 minutes) , &en an  e f f e c t  markedly enhanced 

compared t o  t h a t  with theophylline alone, was obta inedrevea l ing  a histamine 

ac t ion  tha t - cou ld  not be detected without po ten t i a t ion .  

-7 

-7 

A s  expected, t h i s  did not i n  i t s e l f  g ive  any e f f e c t  on the  AP accumulation, but 

A s imi l a r  experiment wi th  pentagas t r in  (10 M) i s  a l s o  shown i n  the  f igu re .  
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-7 Fig. 5. The ine f fec t iveness  of histamine (1.6 x 10 M) o r  pen tagas t r in  
(10-0 cause an  accumulation of-$minopyrine (AP). When combined wi th  a 
s t imula t ion  by theophylline (5 x 10  
of t he  phosphodiesterase i n h i b i t o r .  

M) both however, po ten t i a t ed  t h e  e f f e c t  

aga in ,  when theophyl l ine  was a l s o  present  a pronounced p o t e n t i a t i o n  of t h e  

e f f e c t  appeared. 

The i n t e r p r e t a t i o n  of t h e  l a t t e r  r e s u l t s  depends on whether o r  not penta- 

g a s t r i n  s t imu la t e s  adenyl cyc lase .  Most workers have f a i l e d  t o  demonstrate 

such a s t imula t ion ,  but on t h e  o the r  hand an  increase  i n  CAMP a f t e r  g a s t r i n  has 

been found i n  Necturus (16), f rog  ( 6 )  and r a t  ( 1 4 ) .  

If pen tagas t r in  does not s t imu la t e  CAMP formation i n  t h e  r a b b i t  glands,  then  

our r e s u l t s  showing t h e  poten t ia ted  e f f e c t  of theophyl l ine  

hypothesis t h a t  t h e  histamine l i b e r a t e d  was t h e  respons ib le  co-stimulator j u s t  

as i n  t h e  previous experiments w i th  subthreshold doses of histamine alone. I f ,  

however, pen tagas t r in  can s t imu la t e  adenyl cyc lase  d i r e c t l y  then t h e  poten t ia -  

t i n g  e f f e c t  would depend on t h e  g a s t r i n  i t s e l f  and t h e  histamine l i b e r a t e d  might 

j u s t  be a byproduct without any phys io logica l  s ign i f i cance .  Even i f  t h i s  

p o s s i b i l i t y  seems un l ike ly ,  a s  ne i the r  low nor high doses of g a s t r i n  by 

i t s e l f  w i l l  s t imu la t e  t h e  glands,  t h e  same two types of experiments were 

repeated a f t e r  treatment wi th  the  H2 -blocker cimetidine.  

favour t h e  

A s  would be expected c imet id ine  a lone  did not lower t h e  con t ro l  AP-accumu- 

l a t i o n  but i t  d id  s i g n i f i c a n t l y  reduce t h e  e f f e c t  of theophyl l ine  (Fig. 6 ) .  

The r e s u l t s  i n  Fig.  6 a r e  derived from t h e  same type  of experiments as shown 

i n  Fig.  5 and t h e  f i r s t  groups of columns a r e  t h e  va lues  from con t ro l s  un t rea ted  

by e i t h e r  histamine o r  pentagas t r in .  The second and t h e  t h i r d  groups of 

columns a r e  from glands t r e a t e d  wi th  histamine (1.6 x 10-7M) o r  pen tagas t r in  

( l o  M ) .  The po ten t i a t ing  e f f e c t s  of t h e  theophylline given 4 5  minutes l a t e r  
-8 
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Normallzed Theophylline 5 ~ 1 0 . ~  M 
AP ratio l C W / ~ c w  Gi Cirnclidine 10 ' M  

B Theophylline 5x10 ' M 
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Fig .  6. From t h e  k i n e t i c  t y p e  of experiments  shown i n  F ig .  5 t h e  s i t u a -  
t i o n  a t  t i m e  135 min i s  d e p i c t e d  i n  t h i s  f i g u r e ,  i . e .  h i s tamine  o r  penta-  
g a s t r i n  were added a t  60 rnin and t h e o p h y l l i n e  a t  90 rnin. ( s e e  F ig .  5 ) .  
Cimetidine w a s  added a t  60 m i n .  I and I1 denote  experiments  w i t h  two d i f f e r e n t  
p o p u l a t i o n s  of i s o l a t e d  g lands .  The l e f t  group of columns in each p o p u l a t i o n  
r e p r e s e n t  glands u n t r e a t e d  w i t h  e i t h e r  histamine o r  p e n  a g a s t r i n .  The second 
and t h i r d  groups were t r e a t e d  w i t h  h is tamine  (1 .6  x 1 0  
( 1  O-8M) . 

-5 M) o r  p e n t a g a s t r i n  

i s  c l e a r l y  demonstrated but  a l s o  apparent  i s  t h a t  c imet idine t h e  H2-blocker 

reduces  t h e  p o t e n t i a t i o n .  There w a s  no d i f f e r e n c e  between t h e  h is tamine  and t h e  

p e n t a g a s t r i n  experiments  and it seems t h e r e f o r e  j u s t i f i e d  t o  conclude t h a t  t h e  

a c t i n g  subs tance  a f t e r  t h e  p e n t a g a s t r i n  p r e t r e a t m e n t  was i n  f a c t  t h e  l i b e r a t e d  

h is tamine .  

DISCUSSION 

A p r e p a r a t i o n  of i s o l a t e d  g a s t r i c  g lands  from r a b b i t s  responds w i t h  increa-  

sed oxygen consumption and accumulat ion of t h e  weak base aminopyrine (AP) a f t e r  

h i s tamine ,  bu t  not  a f t e r  p e n t a g a s t r i n  (2, 3 ) .  H -b lockers  are a b l e  t o  i n h i b i t  2 
c o m p e t i t i v e l y  t h e  h is tamine  e f f e c t  on t h e  g l a n d s  ( 1 ) .  Thus t h e  p a r i e t a l  c e l l s  

of t h e  r a b b i t  a p p a r e n t l y  p o s s e s s  i n t a c t  H - r e c e p t o r s  but  a p p a r e n t l y  not  

r e c e p t o r s  f o r  g a s t r i n .  T h i s  might mean that t h e  p a r i e t a l  c e l l  g a s t r i n  r e c e p t o r s  

were d e s t r o y e d , o r  it could  a l s o  be a consequence of a normal absence of g a s t r i n  

r e c e p t o r s  on t h e  p a r i e t a l  c e l l .  I f  so g a s t r i n  might a c t  on some o t h e r  t y p e  of 

c e l l  l i b e r a t i n g  h is tamine ,  which would t h e n  s t i m u l a t e  t h e  H2-receptors on t h e  

o x y n t i c  c e l l s .  I n  t h e  w e l l  mixed gland suspension t h e  histarnine c o n c e n t r a t i o n  

would, probably,  however, be too  low t o  s t i m u l a t e .  

2 

A s  found i n  t h e  p r e s e n t  experiments ,  h i s tamine  c o n c e n t r a t i o n s  j u s t  

t o o  s m a l l  t o  be d e t e c t e d  by a n  o x y n t i c  c e l l  a c t i v i t y  ( 10-7M) were l i b e r a t e d  
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by physiological concentrations of gastrin. Thus gastrin receptors were retai- 

ned in some cells other than the oxyntic cells. 
Both gastrin and histamine do stimulate acid secretion in vivo. Histamine 

has always been considered to have a direct effect on the oxyntic cells. The 
action of gastrin, on the other hand, has been explained either as a gastrin- 
histamine- secretion sequence or a direct action gastrindsecretion. It 
could also be a combination gastrinf 
part of this sequence, in which case the often suggested interaction of gastrin 
and histamine receptors would occur (18). 

With the isolated gland preparation it has been possible to distinguish 

histamine - -secretion, or just the last 

between these possibilities because the stimulating events on the oxyntic 
cells can be separated from possible events on other cells. In the rabbit 
gastrin is effective only by liberating histamine from some other cells. 

There is no doubt that the histamine liberated by the pentagastrin has 
a secretagogue effect on the oxyntic cells if only it can reach high enough 
concentrations. In the intact stomach on the other hand histamine would be 
liberated into narrow spaces between the closely packed glands, where the 
histamine concentration can be estimated from the observation that histamine 
in our preparation reaches concentrations of about lov7# when about 10 mg 
dry weight of glands were suspended in 1 ml solution. This corresponds to 50 mg 

-10 wet weight and a total amount of 10 
roughly equal to a glandular volume of 50 pl. Morphologically the glandular 
volume in relation to the interglandular space volume in the intact mucosa 

is roughly 1O:l. This interglandular space, however, is filled with blood 
vessels and connective tissue. We assume that the free space left is some- 
what between 50 and 10% of the intercellular space or between 5 and 1% of the 
glandular volume. The histamine liberated in our preparation, 10-l' moles, 
would then be distributed in 1 to 5% of 50 ply which would result in con- 
centrations between 0.4~10-~ and 2. oX10-4M if evenly distributed. This would 
result in a maximal secretion rate. 

moles of histamine. The 50 mg tissue is 

Thus we suggest that in the rabbit, gastrin stimulates the oxyntic cells 
indirectly through the liberation of histamine. 
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