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Summary 

1. The effects of three inhibitors of gastric acid secretion, atropine, burim- 
amide and thiocyanate,  have been studied in isolated glands from the rabbit 
gastric mucosa. The glands were either resting or stimulated by carbachol, 
histamine or dibutyryl  cyclic AMP. The effects were determined from changes 
in oxygen consumption and accumulation of the weak base aminopyrine. The 
latter gives an indirect measurement of the acid production in the glands. 

2. Atropine (10 -6 M) almost totally inhibited the transient response induced 
by carbachol (10 -4 M) in both measured parameters. The histamine-induced 
increase in respiration was inhibited when the atropine concentration was 
raised to 10 -4 M. To a lesser extent  also, histamine-induced aminopyrine 
accumulation was reduced. The dibutyryl  cyclic AMP stimulated oxygen con- 
sumption was not  affected by atropine. 

3. Burimamide competitively inhibited the histamine responses but was 
without  effect on those of carbachol and dibutyryl  cyclic AMP. 

4. Thiocyanate (10 -2 M) inhibited the increase in oxygen consumption 
induced by all three secretagogues but not  down the prestimulatory level, in 
spite of a total abolishment of the aminopyrine accumulation. 

5. In unstimulated glands, burimamide (10 -3 M) or atropine (10 -4 M) did not 
alter the normal aminopyrine ratio (aminopyrine in intraglandular water/ 
aminopyrine in extraglandular water) of approximately 50. This may indicate 
the existence of preformed acid in resting parietal cells. Thiocyanate, on the 
other hand, lowered the aminopyrine ratio in unstimulated glands from 46 to 2. 

Possible mechanisms for the thiocyanate effect are discussed in terms of an 
inability to separate acid and base in the secreting membrane. 

Introduction 

The recently developed method to prepare isolated glands from the rabbit 
gastric mucosa, has been shown to yield highly viable and morphologically well 
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preserved glandular cells [1]. Further investigations by Berglindh et al. [2] 
proved that  the glandular parietal cells could be stimulated by histamine and 
dibutyryl  cyclic AMP as judged by changes in oxygen consumption and accu- 
mulation of the weak base aminopyrine as well as alterations of the parietal cell 
morphology. The response to cholinergic stimulation did not resemble the in 
vivo behaviour, since it gave rise to a potent,  but transient stimulation of both 
respiration and aminopyrine accumulation. The glands did not  show any 
stimulatory response to pentagastrin. 

Thus, the glandular behaviour in some respects resembles that  of the intact 
mammalian stomach. The discrepancies that  exist might be due to alterations 
or destruction of the cells and/or the receptors but could also be true signs of 
the obvious diversity between in vivo conditions and those in isolated gastric 
glands [ 2 ]. 

The aim of the present work was to further investigate the glandular func- 
tions by studying the effects of three well known gastric inhibitors: (a) atro- 
pine, a competitive inhibitor of the muscarinic action of acetylcholine; (b) 
burimamide, a histamine H2-receptor antagonist and (c) thiocyanate, the mode 
of action of which has still not been clarified. The secretagogues used in 
connection with these inhibitors were: histamine, carbachol (carbamylcholine) 
and dibutyryl  cyclic AMP. 

Stimulation and inhibition of glandular activity were measured in terms of 
oxygen consumption, using a Warburg respirometer, and by indirect determina- 
tion of acid production using the weak base aminopyrine, which accumulates 
in acid compartments.  

Material and Methods 

Chemicals. N6-O2'-Dibutyryl adenosine 3' : 5'-cyclic monophosphoric acid 
(dibutyryl cyclic AMP, grade II) as sodium salt, carbamylcholine chloride 
(carbachol) and atropine sulfate were obtained from Sigma. Histamine-dihydro- 
chloride was a product  of Schuchardt (Munich). Sodium thiocyanate was 
obtained from Mallinckrodt. Burimamide was a generous gift from Dr. Parsons, 
Smith, Klein and French Laboratories Limited, U.K. 

N-4-Dimethyl[~4C]aminopyrine with a specific activity of 3.9 Ci/mol was 
produced by NEN Chemicals. 

Respiratory medium. NaC1 132.4 mM, KC1 5.4 mM, Na2HPO4 5.0 mM, 
NaH2PO4 1.0 mM, MgSO4 1.2 mM, CaC12 1.0 mM, phenol red 10 mg/1, pH 7.4. 
Before use 2 mg/ml rabbit albumin (Sigma) and 2 mg/ml glucose were added. 

Gland separation. For a detailed description of the preparation of isolated 
gastric glands see Berglindh and Obrink [1] and Berglindh et al. [2].  Briefly, 
the method involves high pressure (>80 kPa) perfusion of the blood vessels of 
a rabbit's stomach, following which the free dissected mucosa was minced and 
the pieces treated with collagenase for 90 min at 37°C. The isolated glands 
were rinsed and finally resuspended in the respiratory medium. Each mucosa 
gave a large yield of gastric glands (approx. 150 mg dry weight) which made it 
possible to investigate several parameters in each glandular batch. 

Respiratory measurements. The oxygen consumption of the glands was 
studied at 37°C in a Warburg respirometer, the gas phase being air. Two tech- 
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niques were employed,  either the drugs were added to the flasks from the start 
of  the incubation or else from a sidearm to preincubated glands [1 ,2] .  The 
drugs were generally dissolved in the respiratory medium except  for  thiocyanate  
which was dissolved in distilled water to a concentra t ion of 150 mM and added 
to give a final concentra t ion of 10 -2 M. 

Aminopyrine accumulation. Aminopyrine is a weak base, which will be 
trapped and therefore accumulate in acid compartments .  Up until now it has 
mainly been used for gastric blood flow determinations [3] .  The theoretical 
background for aminopyrine accumulation in the isolated gastric glands was 
discussed in detail by Berglindh et al. [2] .  

Aminopyrine accumulation studies were performed in two different  ways: 
(1) steady-state value determinat ion with simultaneous respiratory measure- 
ments [2] ,  (2) analyses of the aminopyrine accumulation kinetics. 

In the first type of  experiments 0.8 pCi aminopyrine/ml was added to the 
gland suspension. The glands were then transferred to Warburg flasks together 
with the drugs to be studied. After 90 min incubation at 37°C, the gland 
suspensions were transferred to pre-warmed (37 ° C) test tubes and spun down 
at 2000 × g for 2 min. The dried pellets were solubilized in 0.5 ml Soluene ® , 
added to 15 ml Dimilume ® and counted in a Beckman liquid scintillation 
counter  (LS 250). 0.2 ml of each supernatant  was added to Insta-Gel ® and 
counted in the same way. The results were expressed as the ratio: aminopyrine 
concentra t ion in intraglandular (intracellular) water to aminopyrine concentra- 
tion in extraglandular water. The intraglandular water was determined from the 
finding by Berglindh and ®brink [1] that the relationship between intra- 
glandular water in mg and the gland dry weight in mg was fairly constant  and 
approximately equal to 2 (see also Berglindh et al. [2] ). 

As reference for oxygen consumption and aminopyrine accumulation, 
unstimulated glands were treated in the same way. 

In the second type of experiments the gland suspension from one prepara- 
tion was divided into two 10--15 ml portions which were transferred to separate 
flasks. The flasks, left open to the air, were put  in a 37°C waterbath and the 
suspensions were gently stirred with magnets. After a 30-min preincubation 
period, 0.4 pCi aminopyrine/ml suspension was added to the flasks and the 
glands were allowed to accumulate aminopyrine for 15--45 min. During this 
period, aliquots of 0.2 ml were repeatedly taken and the glands rapidly spun 
down in a centrifuge. 0.1 ml of  the supernatant  was transferred to a liquid 
scintillation vessel containing 10-ml Insta-Gel ® . This whole procedure took less 
than 2 min. 

Secretagogues and inhibitors alone or in combination,  were then added to 
the flasks and their effects on aminopyrine accumulation were studied for a 
fur ther  30--45 rain as described above. This was generally followed by new 
drug additions for  one or two consecutive periods with the same sampling tech- 
nique. At the end of some experiments thiocyanate  (10 -2 M) was added and its 
effects studied for a final 30-rain period. 

The aminopyrine content  in the glands was not  examined in these kinetic 
studies. The figures of the aminopyrine concentrat ion in the extracellular fluid 
will, however, indicate the aminopyrine accumulation since the glandular 
aminopyrine accumulation is of  such a high magnitude [2] ,  that  it will be 
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possible to detect  even small increments in the glandular accumulation as a 
decrease in the extracellular fluid, and vice versa. The small sample volumes 
made it possible to extend the experiments considerably and to take frequent  
samples. For  comparative purposes, a 1.0-ml sample was taken at the end of 
each investigating period and transferred to a prewarmed test tube then pro- 
cessed as described for the steady-state type of accumulation study (see above). 

In the investigation of the effect  of atropine on carbachol-induced stimula- 
tion, which needed a shorter incubation time, the technique described by 
Berglindh et al. [2] for carbachol studies was adopted,  where the aminopyrine 
ratio was measured in each sample. 

Results 

Respiratory studies 
Burirnamide. In unstimulated glands burimamide slightly decreased the 

oxygen consumption.  At 2.4 • 10 ̀ 5 M this effect  was not  significant (--1.7%) 
whereas 10 -4 M (Table I) and 10 -3 M (Table IV) caused significant decreases of 
7.7% and 14.1% respectively, below the control  value. 

To investigate the specific histamine receptor  blocking properties which are 
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Fig ,  1. D o s e - r e s p o n s e  r e l a t i o n s h i p  b e t w e e n  h i s t a m i n e  c o n c e n t r a t i o n  a n d  o x y g e n  c o n s u m p t i o n  i n  i s o l a t e d  

g l an ds ,  w i t h  o r  w i t h o u t  b u r i m a m i d e  2 .4  • 1 0  -5 M. T h e  v e r t i c a l  ba r s  r e p r e s e n t  +- S .E.  (n = 5). The  u n t r e a t e d  

g l a n d s  ( t h e  r e f e r e n c e )  h a d  an  o x y g e n  c o n s u m p t i o n  o f  11 .9  ~1. O 2 / m g  d ry  wt .  i n  9 0  ra in .  B u r i m a m i d e  p e r  

se l o w e r e d  r e s p i r a t i o n  b y  1.7 -+ 1 .0%.  T h e  E D - 5 0  (Kin)  v a l u e s  were  f o r  h i s t a m i n e  3 .9  • 1 0  -6 M a n d  fo r  

h i s t a m i n e  p l u s  b u r i m a m i d e  2 .6  - 1 0  -S M. The  c u r v e s  are d r a w n  a c c o r d i n g  t o  t he  i n t e g r a l  o f  t h e  n o r m a l  

p r o b a b i l i t y  c u r v e  o b t a i n e d  b y  p r o b i t  ana ly s i s .  
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T A B L E  I 

E F F E C T S  O F  A T R O P I N E  A N D  B U R 1 M A M I D E  U P O N  D I B U T Y R Y L  C Y C L I C  A M P - I N D U C E D  G L A N -  

D U L A R  R E S P I R A T I O N  

Each  e x p e r i m e n t  was  p e r f o r m e d  o n  g l a n d s  f r o m  the  s ame  p o p u l a t i o n ,  n = 6.  T h e  c o n t r o l  g l a n d  p r e p a r a -  

t i o n  ( t h e  r e f e r e n c e )  h a d  an  o x y g e n  c o n s u m p t i o n  o f  9 . 7  p l  O 2 / m g  d ry  w t  in  6 0  ra in .  The  f i gu re s  s h o w  
m e a n  +- S .E.  P > 0 . 0 5  is c o n s i d e r e d  n o t  s i g n i f i c a n t  (n .s . ) .  

1 2 3 4 5 

Drugs  a d d e d  D i b u t y r y l  A t r o p i n e  B u r i m a m i d e  D i b u t y r y l  D i b u t y r y l  
cyc l i c  A M P  10  -4  M 10  -4  M cyc l i c  AMP cyc l i c  A M P  

5 "  10 -4  M 5 "  1 0  -4 M 5 "  10 4 M 

+ a t r o p i n e  + b u r i m a m i d e  
10  -4 M 10  -4  M 

% i n c r e a s e  in  

o x y g e n  c o n s u m p t i o n  6 1 . 0  ± 5.1 - - 7 . 0  ± 0 .9  - -7 .7  + 1.6 4 8 . 5  ± 6 .0  4 8 . 4  -+ 2.7 

pe r  6 0  m i n  (n  = 6) P< :  0 .01  P ~ 0 .01  P ~ 0 .01  P <~ 0 . 0 1  P ~ 0 .01  

1- -4 ,  n .s . ;  1 - -5 ,  n.s.  
S t a t i s t i c a l  s i g n i f i c a n c e :  . ( 1+2)  - - 4 ,  n.s . ;  ( 1 + 3 )  - -  5, n.s.  

ascribed to bur imamide ,  increasing doses o f  his tamine were added to glands 
f rom the same popu la t ion  with or  w i thou t  2.4 • 10 .5 M bur imamide.  The dose- 
response curves ob ta ined  are presented in Fig. 1. 

F r o m  the figure it is obvious  tha t  the his tamine curve is shifted to  the right 
in the presence o f  bur imamide.  Since this curve did no t  reach its V with the 
his tamine concen t ra t ions  used, the V for  each curve was de te rmined  f rom a 
linear t rans format ion ,  D/v = [(D/V) + (KIn~V)]. (D, dose; v, response;  Km is 
a cons tant ) .  The maximal  response,  V, calculated in this way did no t  signif- 
icant ly differ  be tween  the two curves. The curves in Fig. 1 are recalculated 
f rom prob i t  analysis based on identical  V. The Km values for  the curves were 
3.9 • 10 -6 M and 2.6 • 10 -5 M for  his tamine and his tamine plus bur imamide  
respectively.  

Even if the bur imamide  concen t r a t ion  was increased to 10 -4 M no significant 
ef fec t  u p o n  d ibu ty ry l  cyclic AMP (5 • 10 -4 M) respirat ion was obta ined.  The 
small percentage  decrease seen for  d ibu ty ry l  cyclic AMP plus bur imamide  is 
p robab ly  explained by the inhibi tory  influence of  bur imamide  per se u p o n  
uns t imula ted  glands, see Table I. 

On addi t ion  o f  1.4 • 10 -4 M carbachol  to glands pre incuba ted  with 10 -4 M 
bur imamide ,  no  ef fec t  on  the t ransient  respi ra tory  response was seen. 

Atropine. Carbachol- induced s t imula t ion was ex t remely  sensitive to atro- 
pine. Thus  the t ransient  s t imula t ion fol lowing addi t ion  o f  1.4 • 10 -4 M carba- 
chol  was a lmost  to ta l ly  abolished, when the glands were pre incuba ted  with 
a t ropine  10 -6 M as is seen in the his togram in Fig. 2. Due to the t ransient  
nature  o f  the carbachol  response,  no  investigation of  the dose -dependen t  rela- 
t ionship be tween a t ropine  and carbachol  was a t t empted .  

At rop ine  to some ex ten t  also inhibited the his tamine- induced increase in 
respirat ion,  bu t  a concen t r a t i on  o f  10 -4 M had to be used. The degree of  inhibi- 
t ion was, however ,  dependen t  on the his tamine concen t ra t ion .  Thus,  the 
response after  4.2 • 10 -6 M his tamine was significantly decreased whereas tha t  
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Fig .  2. E x a m p l e  o f  t he  c a r b a c h o l  e f f e c t  u p o n  t h e  g l a n d u l a r  r e s p i r a t i o n  in  t he  p r e s e n c e  o f  S C N -  or  a t ro -  

p i n e  s t u d i e d  o n  t h e  s a m e  g l a n d  p o p u l a t i o n .  F o u r  f l a sks  o f  e ach  k i n d  c o n t a i n i n g  m e d i u m ,  t h i o c y a n a t e  or 

a t r o p i n e  r e s p e c t i v e l y  were  i n c u b a t e d  fo r  4 5  m i n .  T o  t w o  o f  each  t y p e ,  c a r b a c h o l  was  a d d e d  as i n d i c a t e d  

by t h e  a r r o w ,  w h e r e a s  t he  o t h e r  t w o  se rved  as i n t e r n a l  c o n t r o l .  Each  ba r  r e p r e s e n t s  the  m e a n  o f  the  t w o  

r e su l t s  as c o m p a r e d  w i t h  t h e i r  r e s p e c t i v e  c o n t r o l s ,  w h i c h  were  r e c o r d e d  a t  t h e  s a m e  t i m e .  A t y p i c a l  

e x a m p l e  f r o m  a ser ies  o f  4 e x p e r i m e n t s  is s h o w n .  

after 1.1 • 10 -s M was not,  see Table II. 
Finally, atropine (10 .4 M) was used together with 5 • 10 .4 M dibutyryl cyclic 

AMP. The stimulated oxygen consumption was not  significantly affected, 
although atropine lowered the basal glandular respiration (Table I). 

Thiocyanate. Thiocyanate (10 -2 M) per se had an inhibitory effect on the 
unstimulated gland respiration, which in most cases was significant (Tables IIIa, 
b, c and Table IV). In respect to secretagogue stimulated increase in oxygen 
consumption,  SCN- (10 -2 M) significantly inhibited the response independent 
of its drug origin. The effects of  thiocyanate upon histamine-, dibutyryl cyclic 
AMP- and carbachol-induced respiration are listed in Tables IIIa, b, c. In all 

T A B L E  II 

E F F E C T  O F  A T R O P I N E  O N  H I S T A M I N E  S T I M U L A T E D  G L A N D U L A R  O X Y G E N  C O N S U M P T I O N  

E a c h  e x p e r i m e n t  was  p e r f o r m e d  o n  g l a n d s  f r o m  the  s ame  p o p u l a t i o n ,  n = S. The  c o n t r o l  g l a n d  p repa ra -  

t i o n  ( t h e  r e f e r e n c e )  h a d  an  o x y g e n  c o n s u m p t i o n  o f  13 .3  /~1 O 2 / m g  d ry  wt .  in  9 0  m i n .  The  f i g u r e s  s h o w  

m e a n  ± S .E.  P > 0 . 0 5  is c o n s i d e r e d  n o t  s i g n i f i c a n t  (n.s.) ,  

Drugs  a d d e d  1 2 3 4 5 

Drugs  a d d e d  H i s t a m i n e  H i s t a m i n e  A t r o p i n e  H i s t a m i n e  H i s t a m i n e  
4 .2  ' 10  -6 M 1.1 " 10  -5 M 10 -4  M 4 .2  " 1 0  -6 M 1.1 " 10 -5 h'l 

+ a t r o p i n e  + a t r o p i n e  
10  -4 M 10  -4  M 

% increase  in  
o x y g e n  c o n s u m p t i o n  

pe r  9 0  m i n  (n = 8) 

3 6 . 3  ~ 6.1 45 .1  + 4 .8  - -5 .9  ± 5.9 17 .9  4 5 .4  3 6 . 0  + 5.7 

P < 0 .01  P <, 0 .01  I" < O.Ol P <: 0 .01  P < 0 .01  

t 1 - 4 '  P <  0 . 0 1 ;  2 5, 0 .01  < P < 0 . 0 2  
S t a t i s t i c a l  s i g n i f i c a n c e :  ( 1 + 3 )  - -  4, 0 . 0 2  < P < 0 . 0 5 ;  ( 2 + 3 )  - -  5, n.s. 
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T A B L E  I I I a  

E F F E C T  O F  S C N ~ O N  H I S T A M I N E  I N D U C E D  G L A N D U L A R  O X Y G E N  C O N S U M P T I O N  

E a c h  e x p e r i m e n t  was  p e r f o r m e d  o n  g l a n d s  f r o m  the  s a m e  p o p u l a t i o n ,  n = 8. T h e  c o n t r o l  g l a n d  p r e p a r a -  

t i o n  ( t h e  r e f e r e n c e )  h a d  a n  o x y g e n  c o n s u m p t i o n  o f  1 2 . 4  p l  O 2 / m g  d ry  w t .  i n  9 0  ra in .  T h e  f i g u r e s  s h o w  

m e a n  -+ S .E.  P > 0 . 0 5  is c o n s i d e r e d  n o t  s i g n i f i c a n t  (n .s . ) .  

Drug  a d d e d  

1 2 3 4 5 

H i s t a m i n e  H i s t a m i n e  S C N -  H i s t a m i n e  H i s t a m i n e  
4 .2  • 1 0  -6 M 1.1 • 1 0  -5 M 1 0  -2 M 4 .2  • 1 0  -6 M 1.1 " 10 -5 M 

+ S C N -  + S C N -  
10  -2 M 10  -2  M 

% inc rea se  in  

o x y g e n  c o n s u m p t i o n  56 .0  ± 1 3 . 0  6 9 . 0  ± 1 6 . 4  - - 6 . 9  +- 3 .5  8 .0  ± 5.6 1 7 . 4  + 8 .4  

pe r  9 0  m i n  (n = 8) P < 0 .01  P < 0 .01  P < 0 . 0 5  n.s.  P < 0 .01  

~1- -4 ,  P <  0 . 0 1 ; 2 - - 5 ,  P < 0 . 0 1 ;  4 - - 3 , P < 0 . 0 1  
S t a t i s t i c a l  s i g n i f i c a n c e :  ~ (1+3)  - -  4, P < 0 .01  ; ( 2 + 3 )  - -  5, P < 0 . 0 1  

T A B L E  I I I b  

E F F E C T  O F  S C N -  O N  D I B U T Y R Y L  C Y C L I C  A M P - S T I M U L A T E D  G L A N D U L A R  O X Y G E N  C O N -  

S U M P T I O N  

T h e  c o n t r o l  g l a n d  p r e p a r a t i o n  ( t h e  r e f e r e n c e )  h a d  an o x y g e n  c o n s u m p t i o n  o f  12 .1  g l  0 2 / r a g  d ry  w t .  in  9 0  

m i n .  F o r  d e t a i l s  see t e x t  T a b l e  I I Ia .  

1 2 3 

D r u g  a d d e d  

% inc rea se  in  

o x y g e n  c o n s u m p t i o n  

p e r  9 0  r a in  (n = 6) 

D i b u t y r y l  cyc l i c  A M P  S C N -  
5 • 10  -4  M 1 0  -2 M 

8 3 . 0  +- 1 6 . 9  - - 1 0 . 2  + 2 .2  

P <  0 .01  P < 0 .01  

{1--3.(+2. P < 0 .01  
S t a t i s t i c a l  s i g n i f i c a n c e :  1 ) 3, P < 0 .01  

D i b u t y r y l  cyc l i c  A M P  5 • 10  -4 M 

+ S C N -  10  -2 M 

27 .7  ~ 12.1 

P < 0 .01  

T A B L E  I I I c  

E F F E C T  O F  S C N - O N  G A R B A C H O L - S T I M U L A T E D  G L A N D U L A R  O X Y G E N  C O N S U M P T I O N  

T h e  c o n t r o l  g l a n d  p r e p a r a t i o n  ( t h e  r e f e r e n c e )  h a d  a n  o x y g e n  c o n s u m p t i o n  o f  11 .6  p l  O 2 ] m g  d ry  w t .  in  

9 0  rn in .  F o r  d e t a i l s  see t e x t  T a b l e  I I Ia .  

1 2 3 

Drug  a d d e d  C a r b a e h o l  S C N -  C a r b a c h o l  6 .9  " 1 0  -5 M 
6 .9  " 10  -5 M 1 0  -2 M + S C N -  10  -2 M 

% inc rea se  in  

o x y g e n  c o n s u m p t i o n  2 4 . 6  + 6 .4  - - 5 . 5  + 3.1 6.7 + 3 .6  

pe r  9 0  ra in  01 = 5) P < 0 .01  n.s.  0 . 0 2  < P < 0 . 0 5  

1- -3  P < 0 .01  
S t a t i s t i c a l  significance:~(l+2)r-,  _ 3 , 0 . 0 1  < P <  0 . 0 2  
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cases but for the low histamine concentration the results were significantly 
above the unstimulated control level. The influence of thiocyanate on the 
carbachol-induced transient response is presented in Fig. 2, where carbachol 
was added from the side-arm to glands preincubated with SCN-. Thiocyanate 
decreased the transient respiratory pattern, and in all experiments the inhibi- 
tion appeared to be most pronounced for the initial peak response (the first 
15 min). 

Aminopyrine accumulation 
In a previous study unstimulated glands were shown to accumulate amino- 

pyrine at a high rate giving a final accumulation ratio of 30--50 [2]. Since this 
could be due to a spontaneous secretion, the aminopyrine ratio in unstimulated 
glands was also investigated after t reatment with atropine, burimamide or thio- 
cyanate. The results obtained are presented in Table IV. 

Neither atropine nor burimamide, both in high concentrations, affected the 
spontaneous aminopyrine accumulation. NaSCN, 10 -2 M, on the other hand, 
totally abolished the accumulation, lowering the ratio from 46 to 2. For com- 
parison the aminopyrine ratio in glands incubated for approx. 10 rain at room 
temperature is also listed in Table IV. This ratio of 5.6 did not increase 
appreciably upon prolonged incubation, probably due to the low metabolic 
rate at room temperature. In spite of the divergent accumulation results both 
burimamide and thiocyanate inhibited oxygen consumption significantly and 
roughly to the same extent,  and to a higher degree than did atropine. 

In the kinetic studies, aminopyrine was normally added after 30 min 
preincubation (except for carbachol plus atropine, see Material and Methods). 
The decrease in aminopyrine content  in the extracellular fluid (i.e. increase in 
glandular accumulation) was followed for 15--45 min. In most cases the 
spontaneous accumulation did not fully reach a steady state within 45 min. 

T A B L E  I V  

A M I N O P Y R I N E  A C C U M U L A T E D  A N D  O X Y G E N  C O N S U M P T I O N  IN G L A N D S  T R E A T E D  W I T H  

T H I O C Y A N A T E ,  B U R I M A M I D E  O R  A T R O P I N E  

T h e  r e s u l t s  a re  o b t a i n e d  f r o m  p a i r e d  s a m p l e s  o f  g l a n d s  f r m n  t h e  s a m e  p o p u l a t i o n s .  T h e  f i g u r e s  s h o w  

m e a n  +- S . E .  P > 0 . 0 5  is c o n s i d e r e d  n o t  s i g n i f i c a n t  (n . s . ) .  T h e  r a t i o  I C W / E C W  m e a n s  a m i n o p y r i n e  in  i n t r a -  

c e l l u l a r  w a t e r / a m i n o p y r i n e  in  e x t r a e e l l u l a r  w a t e r .  

C o n d i t i o n  C o n t r o l  S C N  C o n t r o l  
1 0  -2  M 

( n = 8 )  ( n =  8)  ( n =  6 )  

B u r i m a m i d e  C o n t r o l  A t r o p i n e  C o n t r o l  

1 0  -3  M 1 0  - 4  M b e f o r e  

i n c u b a -  

t i o n  

(n = 6 )  (n - 5)  (n = 5) (n = 1 6 )  

% c h a n g e  in  

o x y g e n  c o n -  

s u m p t i o n  0 - - 1 7 . 2  4 3 . 3  0 - - 1 4 , 1  ± 6 . 4  0 .... 6 . 5  + 1 .6  

p e r  6 0  r a i n  P < 0 . 0 i  P ~ 0 . 0 1  P ~ 0 . 0 1  

A m i n o p y r i n c  

a c c u m u l a t i o n  4 5 . 8  ± 6 .1  2 . 0  + 0 . 1  4 9 . 3  + 6 . 6  5 1 . 0  + 5 .9  3 2 . 8  ÷ 1 . 2  2 9 . 8  ± 1 . 5  5 .6  ± 0.{ 

r a t i o  I C W /  P < 0 . 0 1  n.s .  n .s .  

E C W  
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Fig. 3. The influence of  histamine, histamine plus burimamide and S O N -  upon aminopyrine (AP)  accu- 
mulation, d e t e r m i n e d  f r o m  c h a n g e s  in  t h e  a m i n o p y r i n e  c o n t e n t  o f  0 . 1  m l  e x t r a g l a n d u l a x  f l u i d .  A f t e r  30 
rain p r e i n c u b a t i o n  a m i n o p y r i n e  w a s  a d d e d  t o  b o t h  f l a sks .  T h e  a m i n o p y r i n e  r a t i o s ,  a m i n o p y r i n e  in e x t r a -  
c e l l u l a r  w a t e r / a m i n o p y r i n e  in  i n t r a c e l l u l a r  w a t e r  ( I C W ] E C W )  w e r e  d e t e r m i n e d  1 m i n  b e f o r e  e a c h  d r u g  
a d d i t i o n  (A, B, C) a n d  at  t h e  e n d  o f  t h e  e x p e r i m e n t s  as  i n d i c a t e d  b y  t h e  bars .  In  t h i s  e x p e r i m e n t  t h e  c o n -  
c e n t r a t i o n  o f  g l a n d s  in  e a c h  f l a s k  w a s  6 . 5  m g  d r y  w t . / m l  s u s p e n s i o n .  A t y p i c a l  e x a m p l e  f r o m  a s e r i e s  o f  
5 e x p e r i m e n t s  is  s h o w n .  

U p o n  addi t ion  o f  the  d i f ferent  secretagogues ,  h o w e v e r ,  the  a c c u m u l a t i o n  
rapidly increased,  result ing in a m u c h  s teeper  s lope  in the  extracel lular  amino-  
pyr ine  d isappearance  curve.  For  h i s tamine  and d ibuturyl  cyc l i c  AMP, a c c u m u -  
la t ion  reached a m a x i m u m  after 3 0 - - 4 0  min  and then  remained  rough ly  con-  
stant ,  whereas  carbachol  as descr ibed before  [2]  s h o w e d  a transient  course  in 
the  a c c u m u l a t i o n .  The  in f luence  o f  the  inhibi tors  u p o n  the  a c c u m u l a t i o n  
courses  were  as f o l l ows .  

Burimarnide 10 -4 M did n o t  a f fec t  the  s p o n t a n e o u s  a m i n o p y r i n e  accumula-  
t ion  in the  glands (see Fig. 4).  When added toge ther  wi th  h i s tamine  (A in 
Fig. 3) it caused a p r o n o u n c e d  inhib i t ion  o f  the  normal  h i s tamine  response .  If 
the  h i s tamine  c o n c e n t r a t i o n  was raised f rom 10 -5 M to  10 -4 M the  inhib i t ion  
was clearly suppressed.  A d d i t i o n  o f  b u r i m a m i d e  to  the  h i s tamine  f lask reduced 
a c c u m u l a t i o n  (B in Fig. 3).  

The  transient  type  o f  a c c u m u l a t i o n  after carbachol  was  n o t  in f luenced  by 
the  presence  o f  b u r i m a m i d e  10 -4 M, see Fig. 4. 

Atropine at a c o n c e n t r a t i o n  o f  I 0  - 4  M but  n o t  1 0  -6 M to  s o m e  e x t e n t  inhib- 
ited the  s p o n t a n e o u s  rate o f  a c c u m u l a t i o n  (see Fig. 6).  

As seen in Fig. 5, the  peak  a c c u m u l a t i o n  response  f o l l o w i n g  addi t ion  o f  1.4 • 
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Fig. 4. The influence of burimamide,  earbaehol and earbaehol plus burimamide upon aminopyrine (AP) 
accumulat ion,  determined as changes in the aminopyrine content  of 0.1 ml extraglandular fluid. The 
aminopyrine  ratios were measured at t imes indicated by the bars. The concentrat ion of glands in each 
flask was 6.5 mg dry wt.]ml suspension, A typical  example from a series of 4 experiments  is shown. 

A P  r a t i o  I C W / E c W  

50 

40 

30 o 

o = 1 . 4  10 -4 M C a r b a c h o |  

X x = 1.4 x 10 -4 M C a r b a c h o l  ÷ 1() 6 M A t r o p i n e  

10  , I , k , ~ , i , , , ~ , I , ~ , J , ] 

- 1 0  0 10  2 0  3 0  4 0  50 6 0  ? 0  8 0  min  

Fig. 5. The effect of atropine on carbaehol s t imulated aminopyrine (AP) accumulat ion,  determined as 
aminopyrine  ratios. The aminopyrine was added from the start to the two flasks and one determinat ion 
was made after 30 min, just before addit ion of the drugs as indicated by the arrow. A typical  example 
from a series of 5 experiments  is shown. 
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Fig. 6 .  T h e  i n f l u e n c e  o f  a trop ine ,  h i s t a m i n e ,  h i s t a m i n e  p lus  a trop ine  and S C N -  u p o n  a m i n o p y r i n e  (AP) 
a c c u m u l a t i o n ,  d e t e r m i n e d  as c h a n g e s  in the  a m i n o p y r i n e  c o n t e n t  o f  0.1 ml extrag landular  f luid.  The  

ana inopyr ine  rat ios  w e r e  m e a s u r e d  1 rain b e f o r e  a d d i t i o n  of  each  drug (A, B, C, D) and at the  e n d  o f  the  
e x p e r i m e n t ,  as i n d i c a t e d  b y  the  bars.  T h e  a m o u n t  o f  g lands  was 9 . 5  dry  w t . / m l  s u s p e n s i o n .  A typ ica l  
e x a m p l e  f r o m  a series o f  6 e x p e r i m e n t s  is s h o w n .  

1 0  -4 M carbachol was strongly suppressed by atropine 1 0  -6 M. The final part 
of  both curves showed an aminopyrine ratio which was well below the initial 
value, an effect of carbachol which was also observed by Berglindh et al. [ 2 ] .  

The pretreatment of the glands with atropine 10 -4 M, had only a small inhib- 
iting effect upon histamine-induced accumulation (B in Fig. 6). This inhibition 
could be partly overcome by increasing the histamine concentration from 10 -s 
M to 10 -4 M (C in Fig. 6). Simultaneous addition of  atropine to the histamine 
flask somewhat decreased the control histamine induced accumulation. 

Thiocyanate exhibited a strong inhibiting effect upon the aminopyrine accu- 
mulation in unstimulated glands as shown in Table IV. The inhibitory effect of  
SCN- was, however, equally powerful when added to stimulated glands irre- 
spective of what secretagogue was used. SCN- (10 -2 M), was usually added 
towards the end of  the accumulation period. In all cases, as indicated by Figs. 3 
and 6, aminopyrine accumulation decreased very rapidly, usually reaching an 
aminopyrine ratio around 2, 30 min after the addition of  SCN-. 

In Fig. 7, the effect of  a lower SCN- concentration (10 -3 M), is presented. 
The spontaneous aminopyrine accumulation in unstimulated glands was arrested 
and almost totally reversed upon SCN- addition (A in Fig. 7), giving an amino- 
pyrine ratio at 75 min of  2.9 as compared with 30.8 for the control.  The addi- 
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Fig. 7. E f f e c t  o f  a l o w e r  c o n c e n t r a t i o n  o f  S C N -  ( 10  -3 M) u p o n  s p o n t a n e o u s -  and d i b u t y r y l  c y c l i c  AMP- 

( d b - c A M P )  s t i m u l a t e d  a m i n o p y r i n e  ( A P )  a c c u m u l a t i o n .  The  a m i n o p y r i n e  ratios  w e r e  m e a s u r e d  at t i m e s  in- 
d i ca ted  b y  the  bars. T h e  c o n c e n t r a t i o n  o f  g lands  in e a c h  flask was  7 .1  m g  dry  w t . / m l  s u s p e n s i o n .  A t y p i c a l  
e x a m p l e  f r o m  a series o f  3 e x p e r i m e n t s  is s h o w n .  

tion of dibutyryl cyclic AMP (2 • 10 -3 M) to both flasks (B in Fig. 7) induced a 
substantial accumulation which for the SCN- flask unlike the control, needed a 
long time (more than 70 min) to reach a steady state. Finally, addition of 10 -3 
M SCN- to the control dibutyryl cyclic AMP stimulated preparation (C in 
Fig. 7) caused the glands to lose some aminopyrine, but not to the extent as 
seen after 10 -2 M SCN-. 

Discussion 

The indirect methods used were chosen to reflect changes occurring in the 
parietal cells. The parietal cells amount to approximately 50% of the total cell 
volume of the glands [1] and due to their very high mitochondrial content 
(about 40% of the cell volume [4] ) any major change in the glandular respira- 
tory rate must be of parietal cell origin [1] .  Aminopyrine accumulates solely 
due to pH gradients; the molecule being ionized and less membrane permeable 
in an acid environment [2 ,3] .  In a pre-study tissue slices from heart, liver, 
kidney, gastric antrum and gastric fundus were tested. As expected only the 
fundic (acid secreting) part of the stomach had the ability to accumulate amino- 
pyrine (Berglindh, T., unpublished results). 

All experiments were carried out in the absence of CO2. Since in the frog 
gastric mucosa exogenous CO2 is necessary for optimal acid secretion [5] ,  the 
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glandular parietal cells most probably work below their maximal capacity [ 1].  
Results obtained from previous works with isolated gastric glands [1,2] have 

given information about some of their "normal"  properties. The present inves- 
tigation was designed to further explore the receptor specificity for histamine 
and carbachol using the specific inhibitors burimamide and atropine and to 
study some mechanisms concerning the inhibition of HC1 production. 

The results obtained from the intact mucosa do not  directly support the 
specificity of these inhibitors. Burimamide, when first presented by Black et al. 
[6],  was shown to inhibit both histamine- and pentagastrin-induced secretion 
in rat, cat and dog and food-induced secretion in the dog, whereas vagal- or 
carbachol-stimulation was not  inhibited. In the frog gastric mucosa, however, 
mecholyl-stimulated secretion was counteracted [7].  Atropine, besides being a 
potent  inhibitor of cholinergic stimuli, also diminish pentagastrin stimulation 
in the dog and, to a lesser degree, histamine stimulation [8].  To clarify these 
complex responses the isolated glands may be of help. As was discussed in 
previous papers [1,2], the isolated glands should be expected only to respond 
to the direct action of secretagogues or inhibitors. Thus, it is possible that the 
transient nature of the carbachol stimulation and the inability of pentagastrin 
to stimulate the isolated glands are consequences of such a "reduced"  system 
[2]. The hypothesis that  gastrin-stimulated secretion is mediated via release of 
histamine (cf. Kahlson et al. ref. 9), would be consistent with the experimental 
findings with burimamide in vivo and with the inability of pentagastrin to 
stimulate the isolated glands [2]. The aminopyrine accumulation method is of 
a quantitative type, which reflects the product of acidity and volume of some 
acid intaglandular fluid. Thus changes in the accumulation ratio can occur due 
to changes in pH, in volume or in both. Aminopyrine is freely permeable in the 
unionized form, at a neutral pH, and will rapidly enter through the blood-side 
membrane of the parietal cells, the large surface of which is exposed directly 
to the surrounding medium. Inside the cell, aminopyrine will be concentrated 
within acid compartments and transported into the lumen as part of the secre- 
tion. Thus in a situation of brisk secretion, concentrated aminopyrine would be 
found in the secretory canaliculi of ~he parietal cells and in the glandular lumen, 
whereas at low secretory rates only minor accumulation in the lumen is to be 
expected due to dilution and rapid diffusion out of the lumen [2]. 

In histamine-stimulated glands, burimamide behaved as a potent  competitive 
inhibitor. In vitro, histamine has been shown to activate adenylate cyclase from 
gastric tissue of guinea pig [10] and rabbit [11]. This stimulation could be 
inhibited by Hz-receptor blockers [11]. Karppanen and Westermann [12] 
measuring cyclic AMP content  in minced pieces of gastric tissue from guinea 
pig, obtained similar types of dose-response curves after stimulation with 
histamine and histamine plus burimamide (in the presence of theophylline), as 
presently found for the respiratory response. This seems to indicate that  the 
H2-receptor is firmly associated to the adenylate cyclase of gastric mucosa. 

In the present and in a previous study [2] unstimulated glands were shown 
to accumulate aminopyrine 30--50 times, indicating the presence of acid. 
Although the unstimulated parietal cells did appear resting [2],  a small 
spontaneous secretion could not  be excluded. It was therefore of interest to try 
to determine the secretory state of these parietal cells. Burimamide (10 .3 M) 



230 

has been shown to totally inhibit both spontaneous acid secretion in the frog 
gastric mucosa [7],  as well as histamine stimulated rabbit gastric adenylate 
cyclase activity [11]. The high aminopyrine accumulation found in unstimu- 
lated glands was, however, not affected by burimamide and the same observa- 
tion was made after atropine treatment (Table IV). There was however a small 
decrease in oxygen consumption, which could be a sign of secretory inhibition. 
If so, a morphological transformation of the parietal cells into a more resting 
would have occurred without  changes in the aminopyrine accumulation, which 
is theoretically possible (see above). Alternatively, the respiratory response 
could be unspecific and due to the high drug concentrations. In either case, the 
results indicate the existence of an acid formation in presumably resting parietal 
cells, which is not susceptible to receptor antagonists, and as discussed by 
Berglindh et al. [2] the only conceivable production site for such an acid pool 
would be the tubulo-vesicles of the non-secreting parietal cell. 

The high intraglandular aminopyrine concentration in spite of an expected 
low adenylate cyclase activity, raises the question of the function of cyclic 
AMP. It indicates the possibility that the primary function of the cyclic AMP is 
not  in the formation of HC1, but in the morphological transformation from 
tubulo-vesicles to secretory canaliculi. Dibutyryl cyclic AMP has been shown to 
distinctly alter the parietal cell morphology of the isolated glands into a secre- 
tory pattern [ 2]. 

Burimamide did not inhibit the stimulation induced by carbachol or dibu- 
tyryl  cyclic AMP. For carbachol this is in agreement with the findings of Black 
et al. [4] and thus confirms the specificity of burimamide. Metiamide (a 
second generation, more potent  H2-receptor blocker [13]) has, however, been 
shown to inhibit cholinergic stimulation in vivo, one fact which led Grossman 
and Konturek [14] to suggest that  histamine-, cholinergic- and gastrin-receptors 
interact on the parietal cell, making one specific antagonist interfer with the 
other receptors. Metiamide has not yet  been tried on the gland preparation, but 
the inability of burimamide to inhibit carbachol stimulation and the negative 
results of pentagastrin [2] do not support that  hypothesis. 

Atropine was a potent  inhibitor of carbachol stimulation. The type of inhibi- 
tion was not  investigated, due to the transient response pattern which did not 
give any steady-state values. It has been stated, however, that  in frog gastric 
mucosa, atropine gives a competitive inhibition of acethylcholine stimulation 
[15]. From the present investigation it seems clear that  the cholinergic 
responses measured here are true receptor mediated ones. Furthermore, the 
parallel behavior of oxygen consumption and aminopyrine accumulation both 
for the normal [2] and the atropine inhibited response, strongly favours the 
parietal cells as the main source of the transient stimulation. 

In contrast, the histamine stimulation was much less sensitive to atropine. 
The type of inhibition is not quite obvious, but at least an indication was 
obtained from a linear transformation of the results which showed that  the 
inhibition could be of a competitive nature. The aminopyrine studies seem to 
support such an assumption. 

In the frog gastric mucosa Thorpe and Durbin [15] found that a very large 
concentration of atropine (greater than 10 -3 M) had to be applied before 
histamine stimulation was inhibited. At that  concentration, however, they 
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stated that  atropine might exhibit some degree of competit ion with histamine. 
In dogs with Pavlov pouches or fistulae, both Linde [16] and Hirschowitz et al. 
[ 17] found atropine to be a largely competitive inhibitor of histamine stimula- 
tion. Those results must however be interpreted with some caution, since in the 
innervated stomach there is a normal cholinergic background, which is missing 
in the isolated frog gastric mucosa and in the isolated glands. Thus at this stage 
it is not  clear, what degree of specificity lies behind the inhibitory action of 
atropine on histamine stimulated secretion. 

Finally, atropine did not significantly affect dibutyryl  cyclic AMP-induced 
respiration. The possibility remains however that  atropine would inhibit at 
lower dibutyryl  cyclic AMP concentrations (in parallel to the histamine behav- 
ior) but this has not yet  been investigated. In fact Nakajima et al. [18] found 
an inhibitory effect of atropine on dibutyryl  cyclic AMP stimulated Necturus 
gastric secretion. 

Thiocyanate in a concentration of 10 -2 M abolished both the normal 
spontaneous as well as the secretagogue-induced aminopyrine accumulation. 
Thus the aminopyrine accumulation data for SCN- brings us one step further, 
i.e. not  only as in the case of burimamide and atropine was the stimulated acid 
secretion inhibited, but the very intracellular H ÷ accumulation was affected. 
Since the inhibition was independent of  the type of secretagogue, thiocyanate 
seems to act at a very critical point in HC1 production, which ought to be 
reflected in the oxygen consumption. Several investigators have found, however, 
that  the respiratory changes are usually relatively small. In the frog gastric 
mucosa, Forte and Davies [19] and Bannister [20] found a diminishing oxygen 
consumption with decreasing HC1 secretion after SCN- addition, whereas 
Hersey [21] found no changes or a small increase in the respiration. In a 
segment of the dog stomach with intact blood supply no decrease was obtained 
in histamine-stimulated respiration in spite of almost total inhibition of HC1 
secretion [22].  

Forte and Davies [19] found 10 -a M SCN- to give an 80% reduction in HC1 
secretion with only marginal inhibition of respiration, whereas 10 -2 M or more 
was needed for total inhibition of HC1 production. They suggested that  high 
concentrations could interfere with parts of the over-all metabolism other than 
those directly concerned with acid secretion. 

In the isolated glands 10 .2 M SCN- was needed for total inhibition of the 
stimulated aminopyrine accumulation whereas 10 -a M was sufficient for the 
spontaneous accumulation (Fig. 7). 10 -2 M caused a pronounced inhibition of 
the secretagogue-induced respiration to roughly the same degree as reported in 
some investigations of the amphibian gastric mucosa [19,20].  The inhibition, 
which was dependent on the dose of SCN- and independent of the sequence of 
drug addition was, however, never complete. Thus in spite of the divergent 
results obtained from different investigations (see above) indicating a possible 
unspecific effect on the respiration due to SCN- treatment,  it seems possible 
to obtain a total inhibition of the glandular acidity (the aminopyrine ratio) 
without  the corresponding influence on oxygen consumption. 

Moody [22] suggested that  the SCN--inhibition occurred beyond the point 
of supply and utilization of substrates of the acid secretory process. Hersey 
[21] explained the lack of correlation between respiration and acid secretion in 
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terms of an uncoupling effect of SCN-. Since there is no reduction in the high 
energy phosphate compounds after SCN- [23],  Hersey suggested that  SCN- 
could be a specific uncoupler of the respiration needed for acid production 
[21]. 

The apparent acidity seen in both resting and stimulated isolated gastric 
glands is presumably created by the membranes forming the tubulo-vesicles and 
secretory canaliculi. For each H ÷ secreted on the mucosal side of the stomach 
there is a HCO5 appearing on the serosal side, as shown by Teorell [24].  Thus 
somewhere in the secretory process there must be a separation of hydrogen ion 
and base. The hydrogen ion is secreted into the vesicles or the canaliculi, while 
the base is delivered to the cytoplasm. This latter process is reflected by an 
increase in the cytoplasmic pH after histamine stimulation [25].  The thio- 
cyanate inhibition of hydrogen ion accumulation could then be interpreted as 
an inability to keep acid and base separated in or by the secretory membrane. 
The expected lower cytoplasmic pH has been shown by Hersey [25]. The small 
effect on respiration could mean that  energy is still needed for the production 
of H ÷ in spite of the immediate neutralization of the product,  due to inadequate 
separation of acid and base. 

How such a " reunion"  could arise is at present completely unknown, since 
we do not  known the mechanism behind hydrogen ion production. Sachs 
et al. [26] have presented a mixed redox-ATPase mechanism, involving the 
HCO~-stimulated, SCN--inhibited ATPase found in parietal cells. They sug- 
gested that  this ATPase was responsible for the handling of the base, if inhibited 
by SCN- the acid and the base could reunite. Doubts have, however, arisen 
about the importance of this enzyme [21,27]. 

From the kinetic type of experiments (Fig. 3, 6) it is evident that the glandu- 
lar aminopyrine content  decreases very drastically upon addition of SCN-. 
Thus the concentration of aminopyrine in the extracellular fluid increased from 
34 000 cpm/0.1 ml to 52 000 cpm/0.1 ml within 3 rain (Fig. 3). Thus to under- 
stand how SCN- exerts its inhibitory effect we must now look for an extremely 
rapid mechanism for the destruction of the H ÷ gradient. 

Conclusion 

The histamine- and cholinergic-receptors on the parietal cell appear to be 
regulatory devices for the increase in HC1 production without  being connected 
to the basal activity (the "resting" H ÷ formation). Thiocyanate affects a crucial 
point in the very formation of the hydrogen ions. 
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