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Heidenhain 's  theory, according to which the synthesis of hydrochloric acid  takes p lace  in the oxyntic cel ls ,  
p layed an important  role in the study of the ch lor ide-secre t ing  function of the stomach. For this reason, this func- 
tion has always been regarded as secondary, depending on the intensity of acid  formation. However, the results of 
h is tochemical  investigations carried out in recent decades [3] have shown that  the synthesis of hydrochloric ac id  
takes p lace  ext raceI lu lar ly ,  in the region of the gastric pits. The oxyntic cei ls  secrete neutraI chlorides onIy. 
These results make  it necessary to r e -examine  the question of chloride secretion as an independent  aspect  of the 
ac t iv i ty  of the gastric cells,  taking place  before ac id  formation. 

The present paper describes the results of a study of the chlor ide-secre t ing  function of the s tomach and of an 
analysis of the ac t iv i ty  of the different cells  found in the gastric glands. 

E X P E R I M E N T A L  M E T H O D  

Twenty-one experiments  were carried out on two esophagectomized dogs with a Basow gastric fistula. The 

gastric juice was co l lec ted  continuously, changing the flasks every 15 rain. The fasting observations began after 
the s tomach had been washed out, and ended with the terminat ion of secretion.  After sham feeding with mea t  or 

bread, a further 8 samples of gastric ju ice  were col lec ted .  The volume of ju ice  was measured, and the ac id i ty  and 
the chloride content determined.  The blood chlorides were determined at the same t ime intervals.  Altogether  

324 para l le l  est imations of a l l  the indices were made.  The chlorides were determined by Ruszniak's method.  

Investigations were also carried out on 41 persons. Al l  had recovered from ei ther  dysentery or acute  gastro- 
enterocoli t is ,  but at  the moment  of investigation they were in a stage of late  convalescence.  Samples were taken 
through a thin s tomach tube. Ini t ia l ly  four samples of fasting gastric juice were taken at  intervals of 15 min, and 

sham feeding with bread was then carr ied out for 5 rain, after which a further 8 samples of juice were withdrawn. 
Blood was taken at the same t ime from the finger, and the chlor ide content es t imated.  Altogether  420 para l le l  in-  
vestigations of samples of blood and gastric juice were made.  

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

The concentrat ion of to ta l  chlorides in the gastric juice var ied from 70 to 190 me q / l i t e r .  Their  mean value 

was 140.03i 1.64 meq / l i t e r ;  at the height  of secret ion the concentrat ion of total  chlorides was usually 130-160 
meq / l i t e r ,  corresponding to the figures given in the l i terature [1, 2, 4]. 

The content of neutral  chlorides in the gastric juice of the dogs also varied considerably.  To discover the 

causes of these variations, a s ta t is t ical  comparison of the neutral  chlorides of the gastric juice with the blood ch lo-  
rides and the totat  ac id i ty  was made (see table) .  

The fasting content  of neutral  chlorides was 106 meq / l i t e r ,  i .e . ,  it  was isotonic with the blood plasma in a c -  
cordance with the accepted  normal  values. In these experiments ,  because of the wasting of the animals,  the blood 
chloride level  was somewhat depressed. However, even in these circumstances a distinct l inear relat ionship was 
observed between the changes in the neutrai  chlorides and the blood chlorides.  At the same t ime,  no correlat ion 
was found between the changes in the neutral  chlorides and the ac id i ty  of the gastric juice .  

As the secretory process developed,  a progressive decrease in the content  of neutral  chlorides was observed. 
Despite the simultaneous decrease in the concentrat ion of blood chlorides, their link with the variations in the neu-  
tral  chlorides gradual ly  weakened and then became  negat ive  in character .  At the same t ime the relationship 
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Correlat ion between the Blood Chlorides and the Neutral Chlorides and Tota l  Acidi ty  of the Gastric Juice 

Index 

Blood chlorides 
Curvilinear correlat ion between blood chlorides and 

neutral  ch lo r ides  
Neutral chlorides of gastric juice 
Correlation between neutral  chlorides 

and total  ac idi ty  

Tota l  ac id i ty  of gastric juice 

Number of para l le l  investigations 

{ Curvilinea~ 

Recti l inear  

Experimental  animals Human subjects 

0-30 2 0 - I 0 0  

fasting 

64.75 

to ta l  acidi ty  in meq/ l i t e r  

30-i00 i00-150, 0 - 2 0  

after  sham feeding 

61.50 

-~.588 

74.50 

--0.882 

51.00 
80 

62.26 

-o.396 
19.88 

--0.689 
125.49 
164 

+0.593 
106.50 

20.50 

80 

fasting after sham 
feeding 

74.56 70.24 

+0.645 +0.443 

61.96 44.39 
- -  --0.488 

9.78 39.39 

92 328 

Note. Al l  indices in m e q / l i t e r  (mean values). 

between the variations in the neutral  chlorides and the ac id i ty  of the gastric juice became,  a t  first, curvi l inear  and, 

later,  rec t i l inear  (inversely proportional).  

In a fasting state,  therefore,  when signs of ac t iv i ty  of the oxyntic cel ls  were absent,  the secret ion of chlorides 
by the remaining cei ls  was passive in character  (simple fi l trat ion).  There are no grounds for supposing that at  the 

height of secretion the e l imina t ion  of chlorides from these cel ls  by f i l t rat ion was a l tered,  and ye t  the concentrat ion 
of neutral  chlorides fe l l  considerably.  Specia l  calculat ions showed that  this result Could not be explained by Hei-  
denhain 's  theory. Nor could the decrease be at t r ibuted to the development  of a rec iprocal  relationship between the 

neutral  chlorides and the ac idi ty  of the gastric juice .  

An explanat ion can be found for these phenomena on the assumption that  the synthesis of hydrochloric acid  
takes p lace  ext race l lu lar ly .  In this case a l l  the chlorides present in the secretion, regardless of their origin, are 

u t i l i zed  for the formation of hydrochloric acid.  When there is considerable production of acid,  their  u t i l iza t ion  is 
considerable,  the leve t  of nonut i l ized chlorides falls sharply, and in connection with this, they begin to bear an in-  
versely proportional relationship to the amount  of hydrochloric  ac id  produced. 

The excess of chlorides in the gastric ju ice  is formed as a result of the act ive secretion of chlorides by the 
oxyntic cells .  In the present experiments  in some cases a concentrat ion of total  chlorides of about 200 m e q / l i t e r  
was observed. Usually this was in a fasting state,  when very l i t t le  gastric ju ice  was being secreted (not more than 
1.0-1.5 ml),  but i t  st i l l  contained free hydrochloric acid.  It may be postulated that in such cases the chloride con-  
centrat ion reached the upper l imi t  and was main ta ined  by the working of mainly  the oxyntic ceils.  The figure of 
200 m e q / l i t e r  is also known to be the max ima l  equivalent  concentrat ion of e lec t ro ly tes  possible in the tissue cel ls  [5]. 

Hence, in relat ion to the chlorides,  the gastric ju ice  is a mixture of two fluids: the secret ion of the chief  
and accessory cells,  containing about 100 m e q / l i t e r  of chlorides, and the secret ion of the oxyntic cells ,  with a 
chloride concentrat ion varying from 0 to 200 meq / l i t e r .  The total  chloride concentrat ion of the gastric juice de -  

pends on the proportions in which these secretions are mixed.  

On the basis of the results described above an a t t empt  can be made  to give a ma thema t i ca l  definit ion of the 
proportions in which these secretions are mixed.  The concentrat ion of chlorides in the secretion of the chief  and 

accessory cel ls  is taken to be 100 meq / l i t e r .  Two equations were fort-ned: 

100 �9 SCA+ Z "  SO = T C .  GJ and SCA+ S O = G J ,  

where SCA is the volume of secret ion of the chief  and accessory cells;  SO the volume of secret ion of the 
cells; GJ the to ta l  volume of gastric juice;  TC the total  chlorides; and Z the concentrat ion of chlorides in the 

secret ion of the oxyntic ceils.  Hence: 

Z - TC TC - 100 
S C A = ~ ' G J a n d S O =  - - ' G J .  

Z - 100 Z - 100 

From these equations curves were plot ted to i l lustrate the states of affairs described above (see figure). 
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Proportion of secretion of chief  and 
accessory cel ls  
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Influence of concentrat ion of chlorides in 
secret ion of oxyntic cei ls  on its proportion 
in the composit ion of the gastric ju ice .  
The curves and numbers on them denote 
the concern:ration of to ta l  chlorides in the 
gastric ju ice  (in meq / l i t e r ) .  

After the analysis of the exper imenta l  data i t  was interesting 

to ascertain the degree to which these relationships held good in man.  

In a l l  the human subjects invest igated after  sham feeding, a 

marked increase in ac idi ty  was observed. In 23 of them free hydro-  

chloric ac id  was absent from the fasting juice.  Because of their state 
of la te  convalescence and their positive secretory reaction,  it  was 
expected  that the relationships studied would be reasonable close to 
normal  (see table) .  

As the table  shows, the same changes were observed in the 

human subjects as in the animals.  With free hydrochloric  acid  ab-  
sent from the fasting juice,  the level  of neutral  chlorides varied in 
close relat ionship with the changes in the blood chloride concentra-  
tion. As the secretory process developed,  this relationship became less 
marked,  and in its p lace  a relationship appeared between the neutral  

chlorides and the total  ac idi ty .  The absence of a rec t i l inear  cor re la -  
tion may be at t r ibuted to the fact that the indices of ac id i ty  did not 
exceed 100 meq / l i t e r .  
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