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A great deal of work has been published concerning gastric secretion induced by stimulation of the intestinal 
m u c o s a .  

The stimuli have included balls of cotton wool, peas, wool [8], gauze tampons [16], and rubber balloons [22], 
but most frequently rubber tubes either with or without "windows" have been employed [1, 2, 6, 10, 11, 12, 13, 14, 
17, 19, 20, 24, 26]. 

Many workers have used chemical  stimuli, either alone, or combined with mechanical  stimuli; the stimuli 
have included butyric acid [24], hydrochloric acid, glucose, and water [4, 5], but the commonest is calomel (Hg~C12) 
[24, 21, 9, 15, 27]. Calomel may be introduced into an isolated gastric pouch, either as a suspension in physiological 
saline or in gastric juice, or as a dry powder. 

If calomel is introduced at the same time as mechanical  stimulation is applied, drainage from the intestinal 
loop is discontinued during this t ime, and then resumed. Sometimes calomel is used as the only factor stimulating 
the secretion of juice, and there is then produced a 'pure' calomel secretion [15, 19]. 

In connection with modem concepts on the structure of the intestinal mucose membrane [7, 18] and evidence 
of its high sensitivity to stimuli [4, 5], the method of obtaining the juice has become important in the study of diges- 
tion and of the secretion of intestinal juice. 

Here we have set ourselves the problem of following the effect of some of the more commonly employed stimuli 
on the structure of an isolated loop of intestine and on the composition of the juice secreted. 

E X P E R I M E N T A L  M E T H O D  
The work was carried out on four dogs, in each of which two isolated loops made from a single length of in- 

testine were established. In two of them, the juice secreted over a period was collected from fistuli of the anterior 
portions, while from the posterior portions of the isolated loops the juice secreted in response to mechanical  stimula- 
tion was collected. As stimuli we used drainage with a rubber tube having an external diameter of 0.4 cm. The 
tube had an aperture with smoothed edges, and a rounded end. The tube entered freely into the lumen of the in- 
testine, and remained there during the whole of the t ime that juice was collected. In the two other dogs, the juice 
secreted over a period of t ime was collected from fistulae in the posterior portions, the fistulae in the anterior part 
collected the juice secreted in response to a single injection into the lumen of a suspension of 0.3 g calomel in 20 ml  
of physiological saline. The calomel was first triturated in a mortar for 1-2 minutes while the required amount of 
physiological saline was slowly added. The suspension prepared in this way was introduced into the intestine by means 
of a 20-ml  syringe connected through a tube of external diameter 0.3 cm, having apertures in it. The calomel was 
not washed out with physiological saline. In all the dogs, the intestinal juice was collected over a period of 5 hours. 

The juice obtained in the different ways was estimated for enterokinase and phosphatase by methods worked 
out in the Laboratory of the Physiology of Digestion of the Institute of Nutrition, AMN SSSR; the pH of the juice was 
determined potentiometrically; and the reaction on blood was tested with pyramidone. In addition, the physical 
composition of the juice was determined. Without centrifuging, it was fixed in formalin, embedded in celloidin and 
gelatin, and stained with hematoxylin and thionine. To test for peroxidase with benzidine and for oxidase, Gold- 

1338 



man's method was applied to frozen portions of juice embedded in gelatin. The dogs were killed at the end of the 
experiment. The isolated portions of the intestine were used for a histological study, as were also portions of the in- 
testine adjacent to the loops. Portions of the intestine were fixed in formalin and stained in hematoxytin eosin, and 
in thionine. The frozen sections were tested for peroxidase and oxidase. 

E X P E R I M E N T A L  RESULTS 
We found that samples of intestinal juice collected in the different ways differed both biochemically and mor- 

phologically. For example, with regard to pH, we found that although there is an individual variation, the pH of 
juice obtained by introducing irritants into the lumen (drainage, or calomel) was considerably displaced towards the 
alkaline side, as compared with the juice naturally secreted. 

We also found that juice obtained in response to stimulating the m~mosa was usualty colored by blood, and that 
erythrocytes were present in it. These erythrocytes were seen in sections of portions of juice. In the biochemical 
test on the blood with pyramidone, after as little as 20-30 seconds quite a deep violet color developed. Juice secreted 
naturally gave a pale lilac color in the reaction with pyramidone, which did not appear immediately, but after 2- 
3 minutes or more, and was evidently due to the presence in the juice of peroxidase. 

As our investigations have shown, there is a comparatively small amount of peroxidase in the intestinal juice 
of dogs collected by the methods described. The enzyme appears in the cytoplasm of the cells as either loosely 
scattered or closely packed granules. The number of cells containing the enzyme varies from one sample to another. 
In one dog, in juice obtained by drainage of an isolated loop we observed a regular increase in the number of cells 
rich in this enzyme. However, in another dog, no such tendency was found. 

As regards the quantitative relationship of the fluid and the solid portions, it should be noted that the total 
amount of juice, of its fluid and solid constituents, increaseswhen the mucosa of an isolated loop is stimulated. There 
is a particularly large increase in the secretion of the fluid of the juice in response to mechanical stimulation. The 
amount of the fluid also increases when the mucosa is stimulated with calomel, but the increase is not so great. When 
the mucosa is stimulated by drainage or by a calomel suspension, the secretion of the solid constitutents ot the juice 
increases 11~ to 2 times as compared with the natural secretion taken over the same 5 hour period. 

The enzymes obtained in response to stimulation with a probe or with a calomel suspension were altered, dif- 
fering in both eases from the naturally secreted juice. Thus, after mechanical stimulation, in 1 g of homogenate, the 
phosphatase activity was reduced, and the limits of variation fell from 6,700, 9,000-30,000, and 45,000, which are 
the values for the natural secretion, to 1,350, 1,800-6,000, and 9,000 in the juice obtained by drainage. The same 
was true for enterokinase, where the values fell from 200-2,000 to 33-268 units, and in another animal from 3,000- 
9,000 to 400-1,000 units. However, when referred to 1 g of the solid component, the activity of the enzyme in both 
dogs was noticeably incrgased, both for enterokinase, and for phosphatase, when compared with the activity of the 
same enzymes in the juice collected periodically. 

On stimulating the mucosa of the isolated loops with a calomel suspension, we have not been able to observe 
any regular changes in phosphatase activity; sometimes there was a small increase, and in others it was reduced. 

It was quite otherwise with enterokinase, and we demonstrated a regular reduction in the activity of this en- 
zyme. It was shown particularly well in one dog in whom the activity of the enzyme per g of homogenate was reduced 

Fig. i. Juice obtained in response to 
mechanical stimulation of the mucosa of 
isolated canine intestinal loops. In the 
dense part villi and erythrocytes can be 
seen. Stain hematoxylin-eosin. Mag- 
nification: ocular 10X, objective 20• 
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2-10 t imes;  when referred to 1 g of the solid part,  the reduction was 2-5 t imes,  as compared with the ac t iv i ty  of 
enzyme in the ju ice  col lec ted  per iodica l ly  from the same dogs. 

By examining the physical  structure of the ju ice ,  we found that  in a l l  portions obtained by s t imulat ion of  the 
mucosa by drainage,  longitudinal  and cross sections of whole v i l l i  were encountered (Fig. 1). Their number in dif-  
ferent portions of ju ice  var ied from 2 to 50, but  most frequently there were about 8-10 of them in a section through 
a clump of the solid component.  In the vi l l i ,  it  is easy to distinguish the stroma, and the structure of  its constituent 
cells. The v i l l i  have a structure which depends upon the stage of  the secret ion of the epi thel ium. In some, the ep i -  
thel ium is continuous ~nd closely covers the stroma, and in other v i l l i  the different stages of  its engorgement and 
protrusion may  be followed. In v i l l i  ' torn off' from the mucous membrane  and lying in the mass of the solid port,on 
of  the juice,  the cavit ies of lymphat ic  vessels may be d e a r l y  distinguished, together with the lumens of the blood 
vessels and their contained erythrocytes. Besides the vi l l i ,  in different parts of the ju ice  there were a large num- 

ber of unbroken tubules, and fragments of the ep i the l i a l  layers. In many samples of the ju ice  obtained in response 
to s t imulat ion of the mucosa by drainage,  a large number of a few erythrocytes could be seen (see Fig. 1). 

The presence of erythrocytes and even of whole v i l l i  in the ju ice  secreted in response to mechan ica l  s t imula-  
tion is evident ly  related to the introduction of a drainage tube into the loop, and to its ac t ion on the mucosa for a 
comparat ive ly  long t ime. For this reason we are incl ined to consider that the mechan ica l  act ion of the tube on the 
mucosa cannot be considered to correspond to the mechan ica l  act ion of the chyme. For this reason, drainage must be 
considered to be an unphysiological  stimulus. 

Calomel  has rather a different act ion on the physical  structure of  the juice.  In ju ice  obtained by st imulat ing 
the mucosa with ca lomel ,  among the clumps and granules of the substrate formed by breakdown of the cytoplasmic  

Fig. 2. Canine ju ice  obtained by s t imula-  
ting the mucosa of an isolated intest inal  
loop with ca lomel .  There is quite a dense 
mass of nuclei  derived from the dis-  
integrated ceils.  Stain hema toxy l in -  
eosiaa. Magnif icat ion:  ocular 10x, ob-  

j ec t ive  20x.  

Fig. 8. Cltmap of ca lomel  in the solid part 

of the ju ice .  Stain hematoxyl in-eos in .  
Magnif icat ion:  ocular 10• objec t ive  20X. 

portions of the cells,  there are large number of nuclei ,  quite 
a dense mass (Fig. 2). In many of the nuclei ,  the structure 
is well  preserved, and the distribution of the chromatin c lea r -  
ly vis ible .  It is known that  nucle i  of a normal  structure are 

always present in ju ice  secreted and col lec ted  per iodica l ly ,  but here there are far more.  Further, in the juice secreted 
in response to ca lomel  st~nulat ion,  there are a large ntunber of nuclei  of lymphoid cells ,  and as a rule they are in-  
tensely stained, and stand out c lear ly  against  the mass of juice,  grythrocytes are present in the juice itself,  and in 
p laces  there are also Whole villi~with a wel l -preserved stroma and its constituent ceils .  However, the number of v i l l i  
in the ju ice  obtained in response to ca lomel  st imulat ion is not great; no more than 1 or 2 are present, and they are 
found only in certain samples; when the tube used to introduce the ca lomel  remained in the isolated loop for 1-11/2 
minutes their  presence appeared to be re la ted  to its mechan ica l  act ion for 1-1I/2 minutes on the mucosa. 

Also, in the morphologica l  studies, in the solid part of the juice,  ca lome l  could sometimes be  found in the 
form of separate crystals, or in an aggregate  of such crystals (Fig. 3). As a rule, the ca lomel  crystals were sur- 
rounded by the solid constituents of the ju ice  as though enshrouded in it. On this account ,  the separate ca lomel  
crystals or the smal l  aggregates of  crystals could not be  separated from the ju ice  mechan ica l ly ,  so that they formed 
part of the suspension of the solid portion of the juice.  

1340 



Certain changes occurred also in the isolated loops stimulated with calomel. In the apical portions of the villi, 
the stroma was extensively infiltrated with lymphoid cells. The breaking away of the epithelium liberated the lym-  
phoid cells into the lumen of the intestine, where they contributed to the solid component of the juice. Possibly the 
increase in the number of lymphoid cells in the juice brings about an enzymatic change whereby the enterokinase 
activity is reduced. However, the same change may be brought about by other factors. 

In the mucosa, stimulated by calomel, in the stroma, the epithelium of the crypts was destroyed, the blood 
vessels were dilated, and there were hemorrhages. 

There were no poIynuclear forms in the mucosa of the isolated segments. They are however present in many 
samples of gastric juice, in different amounts according to the way it is collected, and apparently they enter the 
receiving vessel from the outer edges of the fistular aperture. 

From the results of our own work on the qualitative changes of the intestinal juice, we have concluded that 
drainage and calomel, as used by us, represent unphysiological stimuli. 

On the other hand, when collecting juice periodically, it must be remembered that the breaking away of the 
cells into the lumen of the intestine of an isolated segment, and the periodic liberation of the secretion from the 
fistula are not the same process. Apparently, during the periodic collection of the juice from the fistula, the epi-  
thelial cells have broken away sometime previously, and when they are collected they are at various stages of dis- 
integration, as is well shown by studying the structure of the juice in preparations treated to reveal its structure. 

SUMMARY 
Mucosa of the isolated section of the small intestine was stimulated with a drain and calomel mixture, the pH 

index was found to change towards alkalinization with a marked positive blood pyramidone reaction. Intestinal juice 
obtained in response to the drain stimulation of mucosa contains detached villi and erythrocytes. An increased num- 
ber of lymphoid cells and a reduction of enterokinase activity per gm of the solid portion was noted in the juice ob- 
tained in response to calomel stimulation. Therefore, the drain and calomel cannot be regarded as physiological 
stimulants in obtaining intestinal juice. 
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