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Gastr ic  s ec re to ry  function in guinea pigs, rats ,  dogs, and man in response to histamine stimulation 
was compared  with the s t ruc ture  of the fundus of the stomach.  In guinea pigs the parietal  cells are  more  
numerous than the chief and a c c e s s o r y  cells.  They a re  also much la rger .  In rats the opposite picture is 
observed:  chief cells a re  more  numerous .  This accounts for the increased  sensit ivity of the sec re to ry  ap- 
paratus  of the s tomach in guinea pigs to his tamine and its relative r e f r ac to ry  state in ra ts .  In dogs, equal 
a reas  of the stomach contain more  par ietal  cells than in man, accounting for the higher concentrat ion of 
hydrochlor ic  acid in the gas t r ic  juice. 

Few comparat ive  studies of s e c r e t o r y  function and s t ruc ture  of the gast r ic  mucosa in different spe- 
cies of animals have been undertaken. However, the close relationship between s t ruc tures  concerned with 
enzyme-sec re t ing  and ac id-producing functions of the stomach in mammals  is well known. 

Histamine has been shown [1 -3 ,5 ,  9, 121 to cause direct  chemicaI stimulation of activity of the ~ar ie-  
tal cells secre t ing  hydrochlor ic  acid. This proper ty  of histamine is used to determine the functional re -  
serves  of the gas t r ic  glands secre t ing  hydrochlor ic  acid. Although animals of different species show well 
marked general  sensi t ivi ty to his tamine,  the possibil i ty of differences in the responses  of the gas t r ic  s e c r e -  
to ry  apparatus to his tamine st imulation must  be borne in mind. Never theless ,  no explanation has been 
given in the l i te ra ture  for  this phenomenon and the local mechanisms responsible for it have been insuffi- 
ciently studied. 

The object of the present  investigation was to compare  the physiological and morphological  pa ra -  
mete rs  of gas t r ic  secre t ion in rats ,  guinea pigs,  dogs, and man. Attention was concentrated mainly on 
the glands in the region of the fundus of the stomach. 

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

Gastr ic  secre t ion was investigated in fasting rats ,  guinea pigs, and dogs: total secret ion per hour 
and secre t ion of hydrochlor ic  acid and pepsin per  hour under normal  conditions and during histamine s t im-  
ulation; in dogs ei ther  his tamine or a natural  food stimulus (200 g meat) was used as s t imulator .  Thedose  
of his tamine for in t ramuscula r  injection into dogs and guinea pigs was 0.15 mg/kg.  To obtain a well marked 
stimulant effect in ra ts ,  the dose of histamine was increased to 10 mg/kg.  To establish the normal  para -  
meters  of gas t r ic  secret ion,  from 5 to 10 experiments were car r ied  out on each animal, and the same num- 
ber  of experiments  were  used to determine the stimulant action of histamine.  To ascer ta in  differences in 
the histological  s t ructure  of the gas t r ic  mueosa,  apparently healthy animals were sacr i f iced and srnall 
pieces excised f rom them. The mater ia l  was fixed in 10% formalin and Carnoy 's  fluid. Sections were 
stained by Schiff 's method or  with hematoxylin-eosin.  Sections of the fundus of the human stomach were 
cut f rom pieces of mucosa obtained by aspirat ion biopsy by Masevich 's  method. 
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Fig. 1. Gastr ic  mucosa of a guinea pig. 
Terminal  division of fundal glands. Large  
parietal  cells more numerous than small 
chief cells.  PAS reaction,  550 x. 

Fig. 2. Gastr ic  mucosa of a rat.  Terminal  
division of fundal glands. Chief cells much 
la rger  than parietal .  PAS reaction.  550 x. 

Fig. 3. Gastr ic  mucosa of a dog. 
Terminal  division of fundal glands. 
Chief and parietal  cel ls .  Hematoxy- 
l in-eosin,  550 x. 

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

Experiments were car r ied  out on 13 guinea pigs, 10 ra ts ,  
5 dogs with Basow fistulas, and 4 dogs with isolated Pavlov gast r ic  
pouches~ Altogether 159 experiments  were per formed.  Indices 
of gas t r ic  secre t ion  in the human subjects were obtained in the 
au thor ' s  l abora tory  (Masevich's data) af ter  continuous aspirat ion 
through a thin tube for 1 h (basal secretion) and subsequently for 
a second hour af ter  injection of histamine.  

As Table 1 shows, under the influence of his tamine thehour ly  
secret ion of gas t r ic  juice and the total quantity of hydrochlor ic  
acid secre ted  were increased in all experimental  animals;  the con- 
centration and total content of pepsin were increased  only in dogs, 
while the quantity of proteolytic enzyme secre ted  per hour was in- 
c reased  in all animals.  In guinea pigs the indices of all studied 
components of the gas t r ic  juice, except for the pepsin concentra-  
tion, showed a sharp increase.  

In man the hourly gas t r ic  secre t ion was increased,  and so 
also were the concentrat ion of hydrochlor ic  acid and its amount 
secreted per hour; the pepsin production showed only a tendency 
to increase .  

To analyze and interpret  the results  of investigation of gas -  
t r ic  secret ion,  the histological s t ruc ture  of the glands was studied 

(Figs. 1-4). The resul ts  of examination of many histological sections taken from the fundus of the stomach 
show that in guinea pigs the fundal glands constitute between 4/5 and 5/6 of the thickness of the mucosa 
and are  lined mainly with par ie tal  cel ls ,  the number of chief and a c c e s s o r y  cells being comparat ively  small .  
In addition, the parietal  cells were f rom 3 to 4 t imes l a rge r  in size than the chief cells and they appeared 
swollen. This feature of the gas t r ic  gland cells was par t icu lar ly  conspicuous when their  s izes ,  and par t i -  
cular ly their  numbers ,  were compared  in guinea pigs and rats  (Figs. 1 and 2); in the lat ter  the chief cells 
were much more  numerous and relat ively few parietal  cells were present .  

Data in the l i te ra ture  [7, 8, 10, 11, 13, 14] suggest a corre la t ion  between the number of parietal  cells 
and hydrochlor ic  acid secret ion.  In Marks ' s  opinion [13], in man 50 million parietal  cells function after  
maximal stimulation with histamine (injection of 0.4 rag/10 kg body weight), secre t ing hydrochlor ic  acid at 
the rate of 1 meq/h.  It may also be concluded from the resul ts  of the present  investigation that the quantity 
of hydrochlor ic  acid and pepsinogen secre ted  per hour depends on the number of chief and parietal  cells.  
This explains why the highest  hydrochlor ic  acid indices a re  found in the gas t r ic  juice of guinea pigs both 
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Fig. 4. Human gas t r ic  mucosa.  Terminal  
division of fundal glands. Chief and par ie -  
tal cells.  PAS reaction,  550 x. 

under normal  conditions and after  adminis t rat ion of h is ta -  
mine. Examination of the s t ructure  of the terminal  divi- 
sions of the fundal glands explains the cause of the increased 
pepsinogen content in the gas t r ic  juice (Table 1). In dogs, 
the number of parietal  cells per  unit a rea  of gas t r ic  mucosa 
from the fundal par t  of the stomach is relat ively higher 
than in man, and accordingly  their  hydrochlor ic  acid con- 
centrat ion in the gas t r ic  juice is higher.  

By compar ing the patterns of secret ion and s t ruc -  
ture of the glandular apparatus of the s tomach in dogs, 
guinea pigs, ra ts ,  and man, reasons for differences in sen- 
sit ivity of the gas t r ic  mucosa to histamine and in its s e c r e -  
tory  response  can thus be explained. An answer  is also 
given to the question why the rats  occupy f i r s t  place as r e -  
gards re f rac to r iness  of the gas t r ic  mucosa to his tamine,  
followed by the dog, while the guinea pig 's  s tomach exhibits 
least  tolerance to his tamine.  
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