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The following studies were commenced nearly three years ago, 
the end in view at that time being to ascertain, if possible, the effect 
induced on gastric function by a simple, mechanical narrowing of 
the pyloric orifice. In the course of numerous experiments to de- 
termine certain limits and variations of normal secretion, new ques- 
tions arose, the solution of each of which appeared interesting in 
itself or necessary as a preliminary to the furtherance of the 
original plan. Some of the data collected in these observations will 
be presented in this paper. 

These experiments were conducted on dogs on which the Pawlow 
operation had been done. This operation in our hands has been 
modified in no essential particular except that it has been found 
necessary to unite with special care the muscle layer forming the 
division between the two stomachs. When this is not done the 
flaps of mucous membrane used to cover this wall do not have suffi. 
cient strength and a communication between the two stomachs 
results, necessitating a second operation. 

The manner of conducting an observation was simple. The dog 
was suspended from a frame by means of a canvas hammock in 
which were holes for the legs and a small opening at the orifice of 
the fistula. By means of a flanged rubber cannula the escaping 
gastric juice was collected in small graduates. In a hammock such 
as is here described the dogs can be left for a number of hours with- 
out discomfort, indeed they usually sleep unless disturbed3 

1This work has been aided by a grant from the Rockefeller Institute for 
Medical Research. Received for publication July I3, I9o8. 

2In conducting investigations of this character on dogs too much emphasis 
cannot be placed upon the necessity of feeding a uniform diet regularly. It  is 
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The Pawlow school has devoted much attention to the subject of  
the various types of gastric secretion that are excited by meat, bread, 
or milk. It  is particularly interesting to note that in the rare cases 
of  gastric fistula in human beings 3 the conceptions of Pawlow and 
his pupils have received a confirmation which leaves no doubt that 
the results of such experiments are strictly analogous to similar 
conditions in man. This fact has a special significance not only 
for experimental physiology, but also in the study of pathological 
gastric conditions, since in the latter we must ascertain the effects 
of  single isolated factors before full comprehension of a morbid 
function is possible. The effects of such factors are only to be 
derived from experiments on animals. This phase of the subject 
will be given further consideration in another part of this paper. 

From an a priori standpoint it has long been taught that large 
amounts of water should not be taken with meals, the idea being 
that much water dilutes the salivary and gastric juice and in conse- 
quence impairs their activities. On the other hand it has been 
argued that one of the functions of gastric juice is to bring the 
chyme to a proper degree of fluidity through the " V e r d i i n n u n g s  Se- 

kretion "" of yon Mering. Pawlow 4 has shown experimentally that 
water stimulates the flow of gastric juice but that this is true only 
when comparatively large amounts are ingested, e. g., 40o to 50o c.c. 
Small amounts, e. g., Ioo to I5o c.c., excite little or no result. The 

desirable, in order to obtain large volumes of gastric juice, that the animals take 
daily liberal amounts of fluid; but to place a vessel of water in the cage will not 
answer this purpose, because uniform amounts of fluid are not taken volun- 
tarily each day. The proper amount of water (40 c.c. per kilo of body weight 
is our standard) must be mixed with the food for the dog. In this way the 
dog is given sufficient fluid and the amount not left  to the animal's caprice. 
The importance of this metabolism standard becomes evident if varying amounts 
of fluid are intentionally given for a few days and the results on the secretion 
of gastric juice after the same test meal are noted. When there is abundant 
fluid in the body tissues, the secretion is copious; but if the body tissues cannot 
spare much fluid, the gastric secretion is scanty. The importance of this pre- 
caution is evident in studies of this nature. I t  is not unlikely that this fact 
has therapeutic significance in those gastric disorders in humans wherein the 
gastric secretion is subnormal in amount. 

' Cade and Latarjet, Compt. rend. Soc. Biol., 19o4, lvii, 496. Hornberg, Inaug. 
Dissertation, Helsingfors, I9o3. Umber, Berlin. klin. Woch., I9o5, xlli, 56. 

* Pawlow: The Work of the Digestive Glands. Trans. by Thompson, Lon- 
don, 1902. 
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same conclusions had previously been advanced, however, by 
Heidenhain 5 and by Sanozky2 Pawlow's special contribution was 
his demonstration that the secretion which is stimulated by water 
persists even after the vagi are divided, a proof that such stimula- 
tion is not nervous but chemical in character. So far as we know 
there is no record of experiments to determine the effects upon 
secretion of varying amounts of water, taken with food. Pawlow 
intimates his appreciation of the fact that water in any quantity 
may be a source of error in testing the effect of a substance upon 
the gastric glands, but he has described no experiments marking 
the degrees and limitations of such effects. 

Our attention was first directed to the influence of water upon 
the amount of gastric secretion by the results of our endeavors t o  
regulate the diet of dogs having Pawlow double stomachs so that 
there would be a minimum of erosion of the skin about the orifice 
of the fistula. It was repeatedly noticed that when the food given 
to these dogs was mixed with but little water, the epithelium grew 
to some extent over the eroded surface; when much water was 
given with the food, however, the wound on the next day appeared 
raw and inflamed. These results led us to collect the amounts of  
juice secreted after meals containing widely different amounts of  
water. 

We  found that water acts as a stimulant to gastric secretion when 
it is taken mixed with the food; the degree of stimulation effected 
by water is in proportion to the amount imbibed; and, so far as we 
have been able to note, this law is not influenced by the nature of 
the accompanying food. Our observations have been made usually 
with either cracker meal or hashed raw meat mixed with the water, 
and, for either of these alone or definite proportions of the two, the 
amount of gastric secretion was largely influenced by the amount 
of water given with them. Tables I and II illustrate this point. 

The question at once arises: What  are the limitations to this in- 
creased activity which is excited by water ? With amounts of water 
less than 200 c.c. the variations, if any, are slight and not constant 
There is obvious difficulty in administering more than 700 c.c. of 

* Heidenhain, Archly. f. d. gesam. Physiol., I879, xlx, I48. 
6 Sanozky, Arch. d. sci. blol., I892, i, 589. 
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TABLE I. 

Food: 200 grams o f  cracker meal. 

823 

Hour. 

300 c.c. Water. 

Hourly Total 
Amount of Amount ot 
Juice, c.c. Juice, c c. 

1.8 
I.O 
1.7 
1.8 
0.9 7.2 

5no c,c. Water. 

Hourly Total 
Amount of Amount of 
Jmce, c c. Juice, c.c. 

2.7 
2.6 

4.9 
6.3 
1.2 x7. 7 

750 c.c. Water. 

I 
2 

3 
4 
5 

T A B L E  I I .  

Food: 300 grams o f  meat. 

No Water. 5oo c.c. Water. 
Hour. 

Hourly Amount of Total Amount of Hourly Amount of Total Amount of 
Juice, c.c. Juice, ¢. c. Juice, c.c. Juice, e.c. 

Hourly Total 
Amount of Amount of 
Juice, c.c. Juice, c.c. 

6.0 

5-7 
6.5 
5.9 
1.6 25. 7 

3"7 
3 .0  
I.  4 

2.0 
1.0 
o .o  X3.9 

9.8 
9 .6  
9"7 
8 .o  

5.5 
2.4 
1.3 46-3 

water to a dog of  ordinary size and approximately that quantity 
could be given only by using smaller amounts of food material more 
diluted, e. g., 15 ° grm. meat with 6oo c.c. water, but in these experi- 
ments no further response could be excited in the gastric glands. 
The reason for this may be that the food ma~er settles out from 
the suspension in the stomach when the amount of water is relatively 
large, in the same manner as in a beaker, the superabundant water 
passing on through the pylorus. 

This influence of water was brought out in even a more striking 
manner in another set of  experiments in which milk was used as a 
test food. 

In the endeavor to find various methods for testing the accuracy 
of our results, milk in different degrees of  concentration was given 
the dogs as food. Since milk can be kept without souring for 
several days, it offered an absolutely uniform food substance for 
several control observations. I f  the facts already mentioned rela- 
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tive to the influence of water on gastric secretion are correct, then 
milk with reduced water content should when fed call forth less 
secretion than natural milk. This was found to be the case. When 
5oo c.c. of milk were fed, the secretion during the first two hours 
amounted to about 20 c.c., but after the same volume of milk was 
concentrated to half its bulk by evaporation at a low temperature, 

~,C.. 

6.o. 

5.0. 

4.0. 

~.0. 

~-.0. 

1.o. 

s ~  s • 
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CHART I. 

the secretion excited by this condensed product was only about four 
fifths of that induced in the first case. 

Since it is conceivable that this result was due in part at least to 
changes effected by heat in the condensation of the milk, we ascer- 
tained the comparative effect of feeding condensed milk diluted to 
its original volume. For this purpose use was made of milk con- 
densed at a low temperature to half its original volume. When such 
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a condensed milk was fed, the secretion that resulted was relatively 
slight in amount. When the diluted product was given, however, 
the secretion was appreciably augmented. The accompanying chart 
(Chart  I)  shows the curves of secretion, for condensed milk alone 
and for the product restored to its original volume. 

When the secretion of the gastric glands is abundant the acidity 
is much higher than it is when the secretion is scanty. This is 
shown in the accompanying chart ( I I )  where comparative curves 
are plotted. 

Water  causes therefore not only a more voluminous secretion but 
also a more acid secretion. We have found no facts that serve as 
a complete explanation of this phenomenon. Digestion proceeds 
at an optimum when there is a certain acid concentration and, if 
water be taken copiously with food, more acid and hence, more 
juice must be secreted to bring the chyme to the proper acid con- 
centration. That  the gastric glands have a considerable range of 
adaptability to digestive requirements is known, 7 and this may be 
held to be an instance of such adaptability. 

If  this explanation is correct, and there appears some foundation 
for it in the acid curves then it is possible that the generally accepted 
idea, that copious drinking of water with food is injurious, may 
have a physiological basis. Under  such conditions the glands must 
compensate for the diluted state of the chyme by excessive secretion, 
and since glandular activity probably requires relatively as much 
energy as any other form of activity, this special secretion is a 
form of extravagance. We have endeavored to find out if increased 
demands, such as are exemplified under these conditions, influence 
the activity of the glands at the next feeding. We are convinced 
that in some degree they do ; for when dogs are fed with Ioo grams 
of meat and relatively large amounts of water and then after  five 
or six hours are again fed, the second meal excites under these con- 
ditions less gastric juice than is ordinarily the case when little or no 
water is added to the initial meal. This suggests a sort of gland 
fatigue. 

In explanation of the increased secretion occasioned by ingestion 
of water, it is possible that the hormone which Edkins s styles gas- 

*Pawlow, loc. cir. 
* Edkins, Journal of Physiology, I9o6, xxxiv, I33. 
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• tric secretin may play a r61e, in that water may promote the forma- 
tion or absorption of this hormone. But while it seems not im- 
probable in the light of what is known of pancreatic secretin that 
such a hormone is a factor in the activity of the gastric glands, the 
methods employed by Edkins in his experiments are not above 
criticism and leave much to b e  desired for the elucidation of the 
problem he sought to solve. 

On examining the tables showing degrees of gastric secretion, it 
may be seen that the volume of juice during the first hour is much 
increased when there is considerable water in the food. Since this 
initial flow is, in great part, what Pawlow names the "appetite 
juice," its occurrence here may be fully explained by the fact that 
water increases the bulk of the food mass and in the act of feeding 
the animal receives a more prolonged taste sensation (and perhaps 
more intense also) than when the food is small in bulk and can be 
quickly devoured. That  is to say, the added water increases the 
nervous stimulus to the gastric glands through the sense of taste. 
This initial active juice would, in case proteins were present, bring 
about a rapid digestion to proteoses and peptones, substances which 
act as chemical stimuli to the gastric glands and in this manner in- 
crease secretion in the second stage of digestion. This explains 
why it is that the maximum flow of gastric juice is late when dogs 
are fed on cracker meal which has relatively little taste and excites a 
scanty appetite juice and hence a relatively slow production of the 
chemical excitants, proteose and peptone. 

THE ACIDITY OF GASTRIC JUICE. 

When the gastric juice is collected in hourly periods following a 
test meal, the secretions of the small stomach are observed to vary 
considerably in acidity. Not only is this true of the hydrochloric 
acid that is present as free acid but also of the total acid as evi- 
denced by titration with tenth normal sodium hydroxide in the pres- 
ence of phenolthalin. Ketscher, 9 working in Pawlow's laboratory, 
noted that when the juice flows rapidly, the acidity is higher than it 
is when the hourly secretion is sparse and his explanation is that 
the mucus neutralizes the hydrochloric acid. I f  the secretion is 

' Pawlow, loc. cir. 
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copious it flows more rapidly over the alkaline mucous membrane 
and the acidity under these circumstances is higher, according to 
Ketscher, than when the flow is slow and opportunity for neutrali- 
zation is better. 

Pawlow concluded from Ketscher's experiments that the gastric 
juice is equally strongly acid whether it be rapidly or slowly poured 
out. In so far as Ketscher's explanation applies to variations in the 
amounts of free hydrochloric acid in the secretion it is doubtless 
correct. The variations in the amounts of free acid are marked and 
the quantities of  free acid are lowest, as estimated by titration, 
when mucus is most abundant. It has been shown that mucus has 
the power of combining with hydrochloric acid) ° 

I f  the statement of Pawlow relative to constancy of acid is cor- 
rect, the gastric secretion would form an exception to present ideas 
of glandular activity. In the case of all other secretions there is a 
considerable variation in the composition of the product put out by 
the glands under varying conditions, and in the stomach Pawlow 
admits the fluctuations of peptic power. It is rather difficult to 
understand why Pawlow comes to his conclusion regarding con- 
stancy of acidity. While it is true that the decreased flow of secre- 
tion gives more opportunity for neutralization of the acid by mucus, 
this result would produce no appreciable effect on the total acidity 
when that acidity is estimated by titration with sodium hydroxide 
in the presence of phenolthalin, because the sodium cation would 
replace the mucus in the mucus-hydrochloric acid compound since 
a strong base always replaces a weaker one. With this chemical 
fact in mind it became impossible for us to understand Pawlow's 
contention in the face of titrimetric results. 

In order to ascertain whether there is a fluctuation in the hydro- 
chloric acid content of the juice or a uniform acidity of secretion, a 
careful estimation of the chlorides became necessary. As a pre- 
liminary to the use of the Volhard method for chlorine determina- 
tion, a measured amount of unfiltered gastric juice was neutralized 
with sodium hydroxide and evaporated to dryness in a porcelain 
crucible. This residue, after slightly charring over a low flame, 
was extracted with hot water, and the ash collected on an ashless 

10 Fos te r ,  American Jour. of Med. Sciences, 19o7, cxxxi i i ,  3o 3. 
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filter paper which was returned to the crucible and again charred. 
This procedure was carried through three times before final in- 
cineration in order not to lose chlorides by volatilization. The fil- 
trates were collected, made up to a definite volume with water and 
the chlorin estimated as usual by the Volhard method. When 
the incineration is made with gastric juice not previously neutralized 
with sodium hydroxide the hydrochloric acid that exists as free acid 
or in combination with protein is broken up and volatilized. The 
resulting estimation will give the chlorine present as salt. 

The method above described has been used constantly as a check 
on the titrimetric results and it has shown that there is a variation 
in the amount of hydrochloric acid secreted by the gastric glands. 
This variation, while not great, is considerable and indicates that 
the gastric secretion is not different from other glandular secretions 
in the matter of fluctuating quantitative composition. The percent- 
age content of hydrochloric acid in gastric juice fluctuates from hour 
to hour. Early in the digestive period the content of chlorine in 
the juice is higher than toward the end of digestion. In the accom- 
panying table are shown the differences for consecutive hours in 
two typical experiments. 

T A B L E  I I I .  

Dog VH[. 

Hour. ~Total Chloride. u Salts. Volatile Chloride. Secretion Per Hour. 
Per Cent. HCI. Per Cent. HCI. Per Cent. HCI. c.c, 

x 0.547 o.146 " o .4oi  5.0 
2 o.6zx 0.073 0.548 6.2 

Dog XIV. 

I 0.675 o . I IO 0.562 15. 4 
z 0.626 o. xol 0.525 I I .o  
3 o. 523 0.085 0-438 5.8 
4 0.367 o.o57 o.3IO 1.8 
5 o.237 o.ox8 o.zx 9 o.6 

These observations raise the question: Within what limits does 
the hydrochloric acid content of the gastric juice vary ? In attempt- 
ing to answer this question several factors require consideration, 
and first among them is the individual. Two dogs seldom respond 

~IA f t e r  n e u t r a l i z a t i o n  wi th  sod ium hydrox ide .  
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to the same food by secreting juices of identical character. As 
might be expected the absolute quantity of secretion from the small 
stomach will depend upon its size to some extent but, irrespective 
of the amount of secretion, the percentage content of acid is different 
in the gastric juice from different dogs fed on the same kind of food. 
A second factor has been clearly brought out by Pawlow, that is, that 
each food substance excites a type of secretion which, in some de- 
gree, is peculiar to that food. For example, the amounts of secre- 
tion per hour following a meal of bread or of milk are different 
from those excited by meat. With these two considerations in 
mind it becomes evident that limitations of variability must be com- 
puted for each animal experimented upon and the only idea of 
limitation of function that we can gain must depend upon an average 
computed from the data for a number of animals. 

TABLE IV. 

Dog. 

II. 
II. 

III. 
III.  
IV, 
IV. 
VI. 
VI. 

VII. 
VII. 

Food. 

Meat 
t l  

Cracker 

Meat 
~c 

Hour of 
Digestive 

Period. High 
P e r  Cent, 

o.4oi 

0.456 

0.438 

0.438 

0.565 

Acid i t y .  

L o w  
Per Cent. 

0.237 

0.329 

0.255 

0.328 

0.245 

Difference. 
Per Cent. 

o.164 

o.127 

o.183 

o. i io  

0.320 

From these estimations it would seem that there is a variation 
in percentage content of hydrochloric acid in gastric juice at differ- 
ent times during digestion. The amount of variation while not 
large is, however, considerable, amounting to a difference of from 
0.I to 0. 3 per cent., during the digestive period. 

EFFECT OF ORGANIC ACIDS ON GASTRIC SECRETION. 

Two years ago Berg and Gies completed, in this laboratory, the 
first phase of a study of peptic digestion in dilute solutions of various 
common organic and inorganic acids and mixtures of acids, in vitro. 
Among their most striking results were the observations that pepsin 
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is comparatively powerless to bring about proteolysis in dilute solu- 
tions of acetic acid (unless very much pepsin is present), but, on the 
other hand, that acetic acid, even when present in a comparatively 
large proportion, does not appreciably affect the proteolytic efficiency 
of relatively very small amounts of pepsin in dilute hydrochloric acid. 
In other words, under the ordinary conditions of gastric digestion, 
acetic acid taken into the stomach as vinegar neither helps nor 
harms, appreciably, the purely chemical process of peptic prote- 
olysis. 1~ 

These and related observations led Berg and Gies to state their 
intention of studying possible secretory effects of acetic acid and 
vinegar in the stomach, as At Gies's suggestion, however, we under- 
took this study together with an investigation of the gastro-secretory 
effects of various other organic acids that are used extensively as 
condiments or are taken in beverages, or which occur in the stomach 
as products of fermentation. 14 

The following acids have been used in this study: acetic, citric, 
lactic, and butyric. The method of administration was the same in 
all the experiments. IOO c.c. of 0.5 per cent. solutions of acid were 
used instead o f  an equivalent volume of water mixed with the food. 

Under pathological conditions lactic acid is the most common 
of the organic acids to appear in the stomach as a result of bacterial 
activity. It is of special interest, therefore, to learn what effect 
this acid has upon secretion and upon digestion. 

Ltnnqvist 15 studied the effects of lactic acid and butyric acid by 
giving them unmixed with food to dogs with Pawlow double 
stomachs. L6nnqvist's observations show that these acids, under 
the conditions mentioned, have more stimulating action upon the 
gastric mucous membrane than the same amounts of water. When 
these acids were given with food, however, in our experiments, 
we failed to note any evidence of stimulated secretion. 

Berg and Gies, Proc. of the Society for Exper. Biol. and Med., I9o6, iv, 
I7, Journal of Biological Chemistry, 19o7, ii, 489. 

Berg and Gies, Journal of Biological Chemistry, 19o7, ii, 534 and 545- 
14Dr. Berg meanwhile has proceeded here with a study, soon to be pub- 

lished, of the comparative digestibility in vitro of many proteins in given 
solutions of a certain number of common acids. 

LSnnqvist, Seandinavisch. Archly f. PhysioL, I9o6, xviii, 194. 
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TABLE V. 

Food: too grams hashed meat. Fluid zoo c.c. 

[ 

H o u r .  ! xoo c.c,  W a t e r .  
i c .c .  Ju ice .  

f 
I - -  1 1 . 2  

2 5 . 0  
3 1.6 

Totals. 17.8 

loo  C.C.O. 5 P e r  
Cent .  Lac t i c  Acid .  

c .c .  Ju ice .  

I 0 , 0  

5.4 
1 . 6  

1 7 . o  

xoo c.c.  W a t e r ,  1oo c.c .  o, 5 P e r  
c.c. Ju ice .  Cent .  Bu ty r i c  Ac id .  

c .c .  Ju i ce .  

9 .6 9.7 
2 . 6  3 . 2  
1 . 8  2 . 6  

~4.o I 15.5 

These observations have been repeated a sufficient number of  
times to convince us of the constancy of the results, not only with 
these acids in 0. 5 per cent. solution, but in o.I per cent. concen- 
tration also. 

It is a popular opinion that vinegar taken with food aids in some 
way in the digestive process. This might be due to an increase in 
the amount of appetite secretion excited by the condiment, or there 
might be in vinegar some substance which acts as a chemical stimu- 
lant to the gastric glands. Both vinegar and lemon juice are com- 
mon popular remedies for slight disorders of digestion and in some 
diseases, notably chlorosis, the appetite for acids of this nature is 
pronounced. 

In our experiments we have employed both vinegar and lemon 
juice; with the first the results have not been concordant. At times 
vinegar apparently caused an increase of secretion during the first 
two hours of  the digestive period. In other cases there has been 
no increase over the control. The vinegar employed contained 4.8 
per cent. acetic acid and IO c.c. were given with the food in every 
case. That the particular substance in vinegar which possibly acts 
as a stimulus might be determined, experiments were conducted 
with acetic acid and with the distillate from vinegar which had 
been neutralized before distillation. Acetic acid in no case caused 
any increased secretion. The distillate from vinegar acted in the 
same way as vinegar, that is, the results were erratic. W h y  this is 
so it is not possible to say since the dogs were healthy and there 
was no disparity in the controls. The increase of secretion when it 
occurs after taking vinegar is during the first two hours of the 
digestive period, which would indicate that the increase is due to a 
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more copious output of  "appetite" juice, that is, that any influence 
which this condiment exercises is due rather to the flavor it imparts 
to food than to any stimulating effect upon the glands in the chem- 
ical sense. 

T A B L E  V I .  

Dog XI I .  Food: Ioo grams hashed meat. 

xoo c.c. Water.  9 ° c.cm Water ,  too c.c. Vinegar 9 ° c.c. Water ,  xoo c.cm Vinegar  
Hour.  Juice c.c. xo c.c. Vinegar.  Distillate. xo c.c. Vinegar. Distillate. 

Juice c.c. Juice c.c. Juice c.c. _ Juice c.c. 

9 . 0  8 . 4  7 .0  IO.9 [ I o . 4  
7 .1 7-9  i 5.3 8 .2  6. 9 
4 . 5  4 . 0  I l .Z 3 .6  4 . I  

T o t a l s  2 0 . 6  20 .3  13.4 22.7 2 1 . 4  

Neither lemon juice nor citric acid appear to have the property of 
increasing the flow of gastric juice. From this negative evidence 
one must conclude that if the acids have any therapeutic value, it 
is due to their effect upon the organic metabolism and not upon a 
stimulation of gastric secretion. 

T A B L E  V I I .  

Dog X.  Food: Ioo grams hashed meat. 

Hour .  xoo c.c. Water .  xoo c.c. 0.5 Per ioo c.c, 0. 5 Per  9 ° c.c, Water.  9 ° c.c. Water .  
c.c. Juice.  Cent. Citric Cent. Acetic xo c.c. Lemon xo c.c. Vinegar.  

Acid. c.c. Juice. Acid. c.c. Juice. Juice.____c.c. Juice. c.c. Juice. 

t H . o o  9 .9  l l . I  I I ° '5  9.5 
2 5 .8  4 .9  6.1 6 .0  5 .0  
3 1.6 1.7 1,5 2 .0  1.8 

T o t a l s .  18.4 16. 5 18.7 I 8 ~  16. 3 

The above results in vivo are in accord with those obtained in 
vitro by Berg and Gies, in that these organic acids neither increase 
nor retard the digestion process, but act simply as inert substances 
when taken into the stomach with food. No emphasis can be placed 
upon the effects due to vinegar and the vinegar distillate since the 
results are not constant and uniform. 

E F F E C T  O N  S E C R E T I O N  O F  S T E N O S I S  O F  T H E  P Y L O R U S .  

The clinical study of morbid gastric function, while it may have 
defined certain symptom complexes as associated more or less inti- 
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mately with apparent changes in gastric efficiency, has nevertheless 
not developed any clear ideas of cause and effect in the pathological 
physiology of gastric disease. In conditions of disease, whatever 
may be the primary cause, the picture finally presented to the 
clinician is a symptom complex. In the case of functional diseases 
of the stomach, the effect produced on secretion by any possible 
cause operating alone is, at present, hardly a matter of scientific 
knowledge, as the prevailing indefinite ideas concerning the physiol- 
ogy of hyperchlorhydria amply prove. The normal physiology of 
gastric secretion and motility, as we understand it to-day, is so com- 
plex and correlated with that of the duodenal mucous membrane, 16 
the bile, and pancreatic juice, that no clear-cut conception of cause 
of morbid function is possible until single isolated factors have been 
fully and successfully studied experimentally, and the kinds and 
degrees of their effects recorded. 

A consideration of the normal physiology of gastric function sug- 
gests that pathological conditions in the stomach may take origin in 
the duodenum as well as in the stomach itself. Obstruction of the 
normal flow of bile delays the neutralization of the first portions of 
acid material ejected from the stomach, 17 and this acid, acting upon 
the duodenum, prevents the relaxation of the pyloric sphincter in its 
normal manner, since it is known that acid in the duodenum effects 
a tonic closure of the pylorus: s The same delay in gastric evacu- 
ation would be induced by any factor which inhibited the forma- 
tion or absorption of secretin. The complexity of the problem pre- 
sented in any abnormal state is quite evident. Moreover, as Cannon 
has pointed out, there is in every disturbance of the normal rela- 
tions a readjustment of functions to meet the new demands and this 
readjustment obscures the etiological factors in the case. 

In clinical laboratories occasional researches have been made for 
the purpose of determining the effects of single factors, such for 
example as obstruction of the flow of bile into the intestine as a 
cause of hyperchlorhydria) 9 But the limitation put upon clinical 

16Cannon, Amer. ]our. of Physiol., 19o7, xx, 283. 
aT Cannon, loc. cir. 
~* Hirsch, Cent. f. klin. Mcd., 1893, xlv, 73 and 377. Serdinkoff, Inaug.-Diss., 

St. Petersburg, 1899. Reviewed in Hermann's ]ahresbericht, I899, viii, 2o4-I4, 
1D Riegel, Zeitsch. f. klin. Med., 1886, xi, 167; Simnitzky, Berlin. klin. Woch., 

. . .  

I g O I  , X X X V l l I ,  IO77. 
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research in such relations by the inability to secure pure gastric 
juice, or to measure the amount of secretion with any degree of 
accuracy, unfortunately impairs the value of the results obtained. 

An experimental study of the effects produced on the rate of 
discharge of chyme from the stomach, by ligating the bile and 
pancreatic ducts, has been conducted by Cannon. 2° Under these 
conditions there is considerable retardation of the passage of food 
into the duodenum as compared with that under normal circum- 
stances. In the case of Cannon's experiment the effect then results 
from a temporary stenosis of the pylorus, due positively to the 
action of the hydrochloric acid upon the duodenal mucosa and 
negatively to the absence of the normal alkaline salts which neutral- 
ize the acid. The experiment is significant in suggesting one of 
many ways by which the gastric function may be influenced by 
extrinsic causes. 

It is to be supposed that the secretory as well as the motor func- 
tion would be altered in some manner by the prolonged retention of 
food in the stomach. This would appear the more probable if there 
is a hormone which brings about a chemical stimulus to the gastric 
glands, for such conditions would favor the production and ab- 
sorption of gastric secretin. The work of Rubow m is here sugges- 
tive. Cases of apparent hyperacidity are often due, according to this 
author, to the collection of gastric juice in a stomach, which, on 
account of loss of muscle tone or impediment at the pylorus to the 
exit of food, is unable to empty itself normally. 

It  appears desirable, therefore, in order to gain an insight into 
the relationship of the more complex factors, to learn the effects 
on gastric secretion of a simple mechanical interference with the 
passage of chyme from stomach to duodenum. 

L6nnqvist 2a made some observations in this connection, but the 
conditions of his experiments were so artificial that trustworthy de- 
ductions from them cannot be made. In Lbnnqvist's dog the duo- 
denum was divided at the pylorus, and the end of the intestine and 
the pyloric end of the stomach fastened into the abdominal wail. 
forming two fistulze, a connection between which could be made at 

s Loe. eit., p. 3o3. 

" Rubow,  .drchiv f. Verdauungs-Krankhelten, I9o7, xiii, 577. 
mL6nnqvist ,  loc. tit. 
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will by means of a tube. In this experiment the time of discharge 
from the stomach was easily regulated through the connecting tube. 
Under  such conditions, however, many factors other than the sim- 
ple arrest of normal discharge enter into and complicate the prob- 
lem. For  this reason a method has been employed in our work 
that produced the minimum disturbance of relations consistent with 
the attainment of a marked degree of obstruction at the pylorus. 

After  the operation of making the Pawlow double stomach, 
sufficient time was allowed for the dog to recover normal health 
and for us to conduct a number of control observations on secretion 
that would serve as a normal base line for future use. Then, at a 
second operation, a .band 28 made of silver wire was placed around 
the pylorus and pressed down snugly upon a stomach tube passed 
through the mouth of the dog into the duodenum. This tube served 
as a guide to the size of the pyloric opening that was left. 

It was found by preliminary experiments that this sort of band 
ab.out the pylorus would in a few days become imbedded in newly 
formed connective tissue and that, the peritoneum overgrowing 
this new formed tissue, the final result was an annular cicatrix about 
the pylorus. 

After  a period of a month following the operation of making the 
double stomach, the second operation above mentioned was accom- 
plished on March 2, i9o8 (Dog  XI I I ) .  The animal quickly recov- 
ered from the anesthetic and six hours after operation appeared as 
well as usual. The day following operation, the dog was fed her reg- 
ular meal of meat, cracker meal, lard and water. This meal was 
vomited in the course of two hours after eating. Consequently, since 
the dog appeared hungry, several small meals were given during the 
course of the day (March 3). The same procedure was repeated 
on the second and third days after operation. Even large amounts 
of water induced emesis while repeated smaller quantities of I o o  to 
2oo c.c. were retained. The irritability of the stomach disappeared 
gradually and after two weeks, feeding of the larger food masses 
was resumed and retained. Excepting a moderate loss in weight 
following the operation, the health of this dog remained good for 

The band was made of silver wire by weaving two strands into a coarse 
mesh half an inch in breadth and two inches long. 
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some time. She ate her food greedily each day and was active. 
Early in April, however, there was a rather sudden change; she 
began to lose weight and strength. The appetite was poor, and 
continued so, and when it became evident that the animal could not 
be nursed to health, she was killed with chloroform. 

Observations were commenced on March 7, five days after the 
second operation. The effect of the stenosis on gastric secretion 
is made evident by comparing the results obtained before and after 
stenosis. The figures below are representative of many observations. 

TABLE VIII. 

H o u r  of  
Digestion 

I 

2 

3 
4 
5 
6 
7 

xoo Grams H a s h e d  M e a t  a n d  xoo c .c .  W a t e r .  5 ° G r a m s  of  C r a c k e r  M e a l  
and xoo c .e  W a t e r .  

Before  S t e n o s i s .  A f t e r  Stenosis.  

J u i c e  
_ _ _  c . c .  

18.5 
1 6 . 1  
12.6 
5.8 
I . I  r 

J 

J u i c e  Average  
c c .  c-c.  

2 0 . 2  19. 3 
I5.3 I5.7 
lO. 3 I I .4  
6.0 5.9 
1 . 2  I . I  

9.2 7. I 
9.3 6.9 
7.9 5.1 
7.0 6.5 
4.o 4.9 
2.0 3.5 

Juice 
¢ c .  

8.1 
9.8 
9.0 
4.6 
2 . 2  

4.0 
2. I 

Averag~ 

7.9 
8.7 
8.4 
5.8 
.5.2 
4-3 
2. 5 

Before A f t e r  
Stenosis. Stenosis. 

J u i c e  J u i c e  
c.c.  c .c .  

5.3 f 4. 6 

5.5 I 4.5 3.3 ] 3.5 
2.0 1.5 
- -  1. 7 
- -  2 . 0  

- -  1.8 

On examining this table two facts at once attract notice: the pro- 
longation of the digestive period and the decrease in the amounts 
of hourly secretion. The prolongation of the digestive period, to 
some extent at least, is what might be expected in view of the 
mechanical obstruction to the outflow of chyme into the intestine. 
Even a high grade of hypertrophy of the musculature of the 
stomach could hardly compensate for the degree of stenosis here 
effected. 2A Since the products of protein digestion which act as 
chemical stimulants to secretion (proteoses and peptones) would 
be formed and their  delayed removal from the stomach would per- 
haps favor their greater activity as secretogogues, the lengthened 
period of activity of the gastric glands after a given meal appears 
to be a natural result. Moreover the diminution in the hourly 

** At  autopsy a glass rod 6.3 ram. in d iamete r  could barely be passed th rough  
the  plyoric lumen. 
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amount of secretion would result in the necessity for more time to 
effect the disintegration and acidulation of the food mass. 

It could readily be shown that the prolongation of secretion was 
due primarily to the special retention of food in the stomach and not 
to other factors, by feeding substances which are of such a nature 
that the pyloric obstruction becomes inoperative; for example, pep- 
tonized milk. When thoroughly peptonized milk was fed, the di- 
gestive period appeared to be finished in about three hours. If  the 
same volume of unpeptonized milk were fed, however, the digestive 
process lasted nearly five hours. In normal dogs peptonized milk 
calls forth only a scanty flow of gastric juice during the first hour 
after feeding. 

T A B L E  IX. 

Hour of Digestion. 2oo c.c. Milk. 
Juice c.c, 

7.8 
7.4 
5.I 
3.2 
1.8 

20O C.C,  
Peptonized Milk. 

Juice c.c. 

8.I 

7.6 
I.O 

2oo c .c .  Peptouized 
Milk + HCl.m 

Juice c.c. 

7.5 
7.5 
2. I 

Normal Dog. 
200 c.c. 

Peptonized Milk. 
Juice c,c. 

2.4 
0 .2  

In case the pylorus still exercised its normal function on the 
conditions of this experiment, the diminished secretion would never- 
theless bring about a delay in the appearance of free hydrochloric 
acid and hence retard evacuation. The addition of acid sufficient 
to saturate the proteins should shorten under these conditions the 
digestive period. This was the object in some experiments in feed- 
ing peptonized milk to which acid had been added. There was, 
however, no evident effect from the acid administered in this way. 

The second notable result of the stenosis was the diminution in 
the amount of hourly secretion of gastric juice. This diminution 
was confined to the first three hours of digestion. Subsequent to 
the fourth hour, the amount of secretion was considerably greater 
after stenosis of the pylorus than normally. The chart (Chart I I I )  
illustrates this point. The digestive period following a meal of IOO 
grams of meat was usually completed in about five hours, whereas 

= Hydrochloric acid was added to milk until all protein was acid-bound as 

determined by reaction with Giinzberg's reagent. 
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in dogs with stenosed pylori, there was still active secretion in the 
sixth and seventh hours. W e  shall have occasion to revert to this 
fact later in considering constant secretion. 

It has been shown that the amount of gastric juice in the first 
hours of digestion is due, in great part, to the psychic or appetite 
influence 26 and, since this is the time when the effect of mechanical 
obstruction at the pylorus made itself most manifest in our dogs by 
diminishing the amount of juice secreted, the only deduction that 
seemed possible was that in some manner the nervous control of the 
gastric glands was affected by the operation. That the degree of 

~.0 

~,0 

4,0 

1,0 

/ 
/ 

/ 

"I "iX 

CHART IV. 

nerve stimulus, as represented by appetite and taste sense, was the 
same after operation as before, there is no evidence further than 
that the dog ate greedily and with apparent relish. An injury to 
nerve filaments through pressure of the silver band is conceivable 
but speculative. 

In order to test the correctness of  this explanation that the re- 
duced amount of secretion was in effect a juice resulting from a 
chemical stimulus rather than a psychic one, atropin was used. 
When atropin is administered hypodermatically to a normal dog 
an half hour before the animal is fed, there is no secretion of gastric 

Pawlow, loc. clt., pp. 80--92. 
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ju ice  until over two hours after feeding-- the atropin completely 
inhibits the activity of the secreting cells. When secretion finally 
commences under such conditions the juice cannot be appetite or 
psychic juice, for the dog long since finished eating, and in our own 
experiments, usually was asleep in the observation hammock. Any 
secretion under such conditions must be the result of chemical 
stimulus. The curves (Chart IV)  showing rate of gastric secretion 
in normal dogs after administration of atropin bear out the first 
supposition that, in the dogs with stenosis, the slow secretion of 
juice is due chiefly to chemical stimulation rather than to an influ- 
ence of the psychic centers acting through nerve control. 

Af ter  the second operation, that of producing the stenosis, it was 
noted that there was an appreciable, constant secretion of gastric 
juice. The construction of the artificial stomach was particularly 
well adapted for the detection of juice secreted after the digestive 
periods, since the fistulous end of the pouch had been drawn through 
the split fibers of the rectus muscle and attached to the skin so that 
the muscle acted as a valve preventing the escape of nearly all 
secretion. Consequently when a cannula was inserted into the small 
stomach the accumulated juice could be drained off. It  was first 
noted that after stenosis there was a considerable amount of normal 
gastric juice in the small stomach (Dog XI I I )  each morning, 
whereas, in other dogs, and in this dog before the stenosis had been 
made, the small stomach contained at most a few drops of mucus. It 
was supposed that this secretion was the result of food material re- 
maining in the stomach, and gastric lavage was instituted at night 
without, however, effecting the result expected. In order to get a 
clearer idea of what the conditions were, lavage was performed ten 
hours after feeding and, commencing a few hours later, hourly col- 
lections of the secretion of the small stomach were made. Under  
these conditions it was clearly evident that there was a constant se- 
cretion of juice fFom the small stomach amounting to I. 5 to 2.o c.c. 
per hour. These samples contained much mucus and in this respect; 
as in that of  acidity, resembled the secretion at the end of a period 
of  digestion. The acidity averaged about o.I4 per cent. This 
condition of constant secretion continued unabated until the animal 
was killed. It was quite as pronounced during the period when the 
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dog appeared active and in health as later when she was evidently 
sick. 27 Since the continued secretion bore no relation to food resi- 
due in the stomach, and, so far as we were able to judge, was not 
influenced by the general condition of the dog, one must conclude 
that the obstruction at the pylorus was the cause of this secretion. 

The more important points considered above in relation to Dog 
XI I I  were confirmed by instituting the same procedure with another 
dog. Our studies were, however, interrupted by a sickness of  the 
latter dog which led us to kill her with chloroform. 

At  the autopsies done upon control dogs with stenosis as well 
as on those with Pawlow double stomachs, wherein stenosis of  the 
pylorus was produced, there was noted in every case considerable 
dilatation of the stomach. This dilatation was most marked in the 
cardiac third of  the organ. In the dogs with Pawlow stomachs that 
had been kept alive for several months after the operation for con- 
stricting the pylorus, there was observed, in addition to the dilata- 
tion of  the stomach, a marked grade of  hypertrophy of  the muscle 
coats in the region of the antrum. The mucous membrane was not 
altered in its macroscopic or microscopic appearance, thickening of  
the stomach walls being due entirely to an increase of  the muscle 
layers. The dilatation in these dogs was not pronounced, not so 
marked in fact as in the case of  the control dogs which were killed 
a few days after the pylorus had been constricted. 

ADDENDUM. 

TABLES SUPPLEMENTING THOSE IN THE TEXT. 

Dog NIL Food: aoo grams cracker meal. 

Hour. 

Totals 

oo c.c. Water. 
ouriy Amount 
Juice, c.c. 

o.3 
I.O 
1.7 
0.4 

3.4 

oo c.c. Water. 
ourly Amount 
Juice, c.c. 

x.4 
2.0 
1.7 
I.O 

6.I 

oo c.c. Water, 
ourly Amount 
Juice, c.c. 

2.7 
2.6 
4-9 
4.0 

I4.2 

~y~o o C.C. Water. 
urly Amount 
Juice, c.c 

5-9 
5.7 
6.S 
5.o 

23.1 

Za~.O00 C.C. WAt¢l'. 
ourly Amount 
Juice, c.c. 

3.5 
2.3 
1.8 
0.9 

8.5 

ffi Dr. Edward Cussler, while working in this laboratory in Igo7, had a dog 
that presented this same condition. It was found subsequently at autopsy that 
in the operation of making the double stomach the first incision had been made 
so close to the pylorus that the resulting scar had effeeted an obstruction of  
the lumen. Dr. Cussler's study has not been publislted. 
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Dog ,5(. 

843 

Hour. 

Food : 5oo c.c. Milk. 

Hourly Hourly 
Amount Amount 

Juice, c.c. Juice, c.c. 

2.8 2. 7 
7.8 9.0 
6.4 8.7 

I7 .2  20. 4 

Food : 5oo c.c. Milk Con- 
densed to 25 ° c.c. 

Hourly Hourly 
Amount Amount 

Juice, c.c. Juice, c.c. 

5.o 4.8 
6.2 6.0 
1.2 1.8 

I2.  4 I2 .6 

Food : Condensed Milk, 
5 ° Grams. 

Tota l .  

Dog XI. 

Food : 5o Grams Bread. Food : aoo Grams Meat and zoo Grams 
Cracker Meal. 

Hour. 
i~oc.c. Water. zoo c.c. Water. ~oo c.c. Water. 3oo c.c. Water. 

ourly Amount Hourly Amount Hourly Amount Hourly Amount 
Juice, c.c. Juice, c.c. Juice, c.c. Juice, c.c. 

I 7.5 8.6 
2 5.4 7.3 
3 3.9 6.o 

Tota l s  16.8 21.9 24.o 3o. I 

Dog I l l .  

Food : 3oo Grams Meat. Food : 2oo Grams Cracker Meal. 

Hourly !+5o e.c. Water. 
Amount Hourly 

Amount 
Juice, c.c. Juice, c.c. 

2 . I  3.4 
1.8 z. 3 

. I  .4 

4.0 6.I  

Hour. NO Water. 
Hourly Amount 

Juice, c.c. 

3-7 
3. 
1.6 

~o C.C. Water. 
urly Amount 

Juice, c.o. 

9.8 
9.6 
2.8 

~iooc.c. Water. 
ourlyAmount 
Juice, c.c. 

Z.7 
1.6 
1.2 

~ O c.c. Water. 
ourly Amount 
Juice, c.c. 

2.8 
2.6 
2.0 

~j~o o C.C. Water. 
urly Amount 
Juice, c.c. 

3.2 

7.!  ( 2 a n d  3) hour  

Tota ls  8. 3 22.2 5"5 7.4 x° '3  


