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Much evidence has been accumulated to show
that the separate secretions of the gastro-intes-
tinal tract have a definite and invariable composi-
tion under normal conditions (1). These secre-
tions are isotonic with blood serum; each has its
own acid-base pattern. In the stomach two main
fluids arise from different groups of cells. The
first is a secretion of isotonic hydrochloric acid
from the chief cells of the body and fundus of
the stomach; the second is a slightly alkaline fluid
which probably is secreted for the most part by
the antral mucosa. Hydrochloric acid is secreted
by the stomach in the concentration of approxi-
mately 600 mgm. of chloride for each 100 cc. (2,
3, 4), although its concentration in mixed gastric
contents may show wide variations in health and
disease. Five other non-acid secretions, in addi-
tion to that elaborated by the antral mucosa, enter
the stomach and thus affect the concentration of
acid in the final mixture. These fluids are: saliva,
pancreatic juice, bile, mucus, and intestinal juice.
Pancreatic juice, bile, and intestinal juice are like-
wise isotonic with blood serum. The alkaline
fluid secreted by the stomach and the fluids which
enter the stomach from the duodenum have a tend-
ency to reduce the concentration of isotonic hy-
drochloric acid in the gastric contents. This is
accomplished by dilution more than it is by
neutralization. The importance of the factor of
neutralization will depend largely on the alka-
linity as well as on the quantity of the duodenal
fluid regurgitated into the stomach. On the other
hand, the secretion of more isotonic hydrochloric
acid by the fundic cells will tend to conteract the
effect of the addition of alkaline fluids and to
maintain the normal concentration of the hydro-
chloric acid. The concentration of hydrochloric
acid in the stomach at any one time will depend
on the volume and concentration of acid and
alkaline material that are mixed together.

The usual gastric test meal furnishes infor-
mation concerning the concentration of free hy-

drochloric acid in the gastric contents after dilu-
tion and neutralization but gives little information
concerning the relative amounts of acids and
alkaline fluids that enter the stomach during the
test period. A method of study that has been
evolved by Wilhelmj, Neigus, and Hill (3) prom-
ises to furnish some information about this point.
For this reason, a clinical appraisal of the method,
after defining its limitations, seemed appropriate.
Specifically, we were interested in ascertaining
the clinical value of the method, in finding to what
extent dilution, neutralization, and secretion of
chloride as hydrochloric acid during the test period
could be measured, in observing the influence of
regurgitation of duodenal fluids on the concentra-
tion of hydrochloric acid in the test meal, and
finally in contrasting the effectiveness of dilution,
neutralization, and secretion of hydrochloric acid
in reducing and maintaining the concentration of
hydrochloric acid introduced into the intact stom-
ach of normal persons and of patients who had
duodenal ulcer. Twenty-five normal persons and
thirty persons who had duodenal ulcer kindly
consented to submit to this test in order that we
might ascertain the clinical value of the method.

METHOD

The method (3) is fundamentally a simple one. Three
hundred cubic centimeters of approximately 0.1 normal
solution of hydrochloric acid that contains phenol red
in the amount recommended by Wilhelmj, Neigus, and
Hill (3), is placed in the stomach and allowed to remain
there thirty minutes, after which time the contents of
the stomach are aspirated as completely as possible. The
test is repeated two or three times at one sitting. Pre-
liminary preparation includes a fast for fifteen hours
and lavage of the stomach with the test solution before
the beginning of each test, in order to avoid as much as
possible the effect of immediate dilution. The gastric
contents are removed thirty minutes after the instilla-
tion of the test solution and are examined for the con-
centration of total chloride, the concentration of acid
chloride (chloride as hydrochloric acid), and the con-
centration of phenol red. The method of Van Slyke
(5) is used for estimation of total chloride. The con-
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centration of acid chloride is estimated from the con-
centration of free hydrochloric acid as determined by
titration with a 0.1 normal solution of sodium hydroxide
by using dimethylaminoazobenzene as an indicator. The
concentrations are expressed in terms of milligrams of
chloride per 100 cc. of gastric contents. The concen-
tration of phenol red in the gastric contents is determined
by the method outlined by Wilhelmj, Neigus, and Hill
(3), and is expressed as percentage of the concentration
of phenol red in the original test solution. For example,
if the concentration of phenol red in the solution in-
troduced into the stomach was 1 per cent, and the con-
centration of phenol red in the aspirated gastric contents
was 0.5 per cent, the concentration of phenol red in this
aspirated gastric contents would be expressed as 50 per
cent. As will appear in the next paragraph, another
subtraction remains to be made to secure the final result.

Calculation. The amount of dilution, that is, the num-
ber of cubic centimeters of various secretions which
entered the stomach in the test periods per 100 cc. of
gastric contents removed, can be determined by sub-
tracting the concentration of phenol red in the aspirated
gastric contents (expressed as percentage of concentra-
tion in the original test solution) from 100. In the
example, then, 50 would be subtracted from 100 and the
final result is 50, which represents the number of cubic
centimeters of dilution per 100 cc. of aspirated contents.

The diluting effect of this volume of fluid on the
concentration of acid in the original test solution is
estimated by multiplying the concentration of acid chlo-
ride in the original test solution by the percentage of
phenol red in the recovered gastric contents. This con-
stitutes the correction for dilution. The amount of acid
chloride of the test solution that has been neutralized
(neutralized chloride) is determined by subtracting the
concentration of acid chloride in the gastric contents
from the concentration of acid chloride in the original
test solution corrected for dilution. The value for the
neutralized chloride may be determined only when the
concentration of acid chloride, as obtained by analysis,
is less than the concentration of acid chloride in the
test solution corrected for dilution. The concentration
of acid chloride that is effective in increasing the con-
centration of acid chloride in the test solution after
correction for dilution is determined by subtracting the
concentration of acid chloride of the original test solu-
tion, which has been corrected for dilution, from the
concentration of acid chloride in the gastric contents.
This value for the extra acid chloride may be determined
only when the concentration of acid chloride in the gas-
tric contents is greater than the concentration of acid
chloride in the test solution which has been corrected
for dilution. If it is found that the concentration of
acid in the gastric contents is less than could be ac-
counted for by physical dilution, as determined by the
change in concentration of phenol red, it shows that
the various secretions which entered the stomach and
mixed with the test meal contained alkali in excess of
acid. On the other hand, if the concentration of acid
in the gastric contents exceeds the amount expected after
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correction for dilution, it shows, conversely, that the
secretions added to the test meal contained hydrochloric
acid in excess of neutralizing material. Thus, the analy-
ses and calculations which are employed in determining
the type of fluid which enters the stomach and mixes
with the acid test meal depenid in a large measure on
the estimation of the dilution which the test meal has
undergone. These calculations will be more fully con-

sidered when the clinical application of the method is
reached.

THE EXTENT TO WHICH THE EFFECT OF ENTRANCE
OF ALKALINE FLUID AND ACID FLUID INTO
THE STOMACH CAN BE MEASURED

The results naturally divided the tests into two
groups: first, those in which more alkaline secre-
tions than acid secretions entered the stomach,
and second, those in which more acid secretions
than alkaline secretions entered the stomach.
Typical experiments of each type will be de-
scribed.

There is ample evidence that secretions which
enter a stomach that is capable of secreting hy-
drochloric acid and contains an acid test meal are
composed of both acid and alkali. The observa-
tions of Pavlov (6), Ivy and Whitlow (7), Mac-
Lean, Griffiths, and Williams (8), MacLean and
Griffiths (9, 10), Apperly (11), and Apperly and
Norris (12) have demonstrated that acid secre-
tion is inhibited when ~/10 solution of hydro-
chloric acid is placed in the stomach, but the
observations of Apperly and Norris (12), and
Wilhelmj, O’Brien, and Hill (13) clearly demon-
strate that the acid test meal does not always or
completely inhibit the secretion of acid by. the
stomach. Apperly and Norris found that in a
small percentage of cases hydrochloric acid was
secreted after the introduction of 0.08 normal to
0.128 normal solutions of hydrochloric acid, and
Wilhelmj, O’Brien, and Hill demonstrated the}t
the secretion of hydrochloric acid by the gastric
mucosa of dogs was not completely inhibited by
a 0.1 normal solution of hydrochloric acid. In
previous clinical studies in which the acic-lity of
the gastric contents was determined by using the
acid test meal (14, 15, 16), the contrary has been
assumed, namely, that the introduction of an ap-
proximately 0.1 normal solution of hydrochloric
acid completely inhibited the secretion of l}ydro-
chloric acid by the stomach. Similarly, evidence
may be cited that alkaline fluid usually, if not al-
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ways, enters the stomach when it contains an
acid test meal. First, bile pigments frequently
are present in the gastric contents, but the ab-
sence of bile pigments does not necessarily indi-
cate an absence of duodenal = regurgitation.
Spencer, Meyer, Rehfuss, and Hawk (17) dem-
onstrated that a tryptic enzyme is almost con-
stantly present in the digestive contents of the
normal stomach and concluded that the trypsin
was regurgitated from the duodenum. Medes
and Wright (18) have likewise demonstrated that
duodenal regurgitation without bile pigment is a
frequent occurrence. Second, Wilhelmj, Hen-
rich, Neigus, and Hill (4), by using the acid test
meal, showed that antral secretion into the stomach
of dogs is continuous and that the volume secreted
in thirty minutes varies from 2 to 15 cc. and is
apparently independent of the amount of acid
secretion. The results of our experiments dem-
onstrate that secretions which enter an intact
stomach that is capable of secreting hydrochloric
acid, during the thirty-minute period, are com-
posed usually, if not always, of both acid and
alkali. Obviously, this is not true if the stomach
is unable to secrete hydrochloric acid.

Changes in concentration caused by the entrance
of more alkaline secretions than acid secretions.
An acid solution which has a concentration of
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358 mgm. of acid chloride per 100 cc. was intro-
duced into the stomach of Subject 1 at the begin-
ning of the first test period (Table I). After
thirty minutes, the solution contained phenol red
in a concentration of only 73 per cent of the
original concentration. In other words, 27 cc. of
fluid per 100 cc. of contents had entered the
stomach during the test period. If this fluid had
been water the concentration of acid chloride in
the contents removed at the end of the test period
would have been 261 mgm. per 100 cc. and the
concentration of acid chloride in the original acid
solution would have been reduced 97 mgm. per
100 cc. Actually, however, the concentration of
acid chloride in the original acid solution was
reduced not 97 mgm., but 124 mgm. per 100 cc.,
and the concentration of acid chloride in the gas-
tric content was not 261 but 234 mgm. per 100
cc. The reduction in concentration was greater
than that expected from dilution alone, and a
further reduction of acid concentration resulted
from neutralization. Three-fourths (97 mgm.)
of the reduction in concentration of acid chloride
introduced into the stomach as a test solution was
accomplished by the factor of dilution and a fourth
(27 mgm.) was accomplished by neutralization.
The proportion of the reduction due to dilution and
to neutralization is similar to that shown by Wil-

TABLE I
Results of tests performed on three normal persons

Mgm. of acid chloride in 100 cc. of test solution..........
Concentration of phenol red in gastric contents, expressed
as percentage of original concentration in the test solution
Cec. of dilution per 100 cc. of gastric contents.............
Estimated concentration of acid chloride in test solution
after dilution, mgm. per 100 cc. (equals correction for
dilution) . ...... oottt e ..
Possible reduction in concentration of acid chloride in test
solution as a result of dilution, mgm. per 100 cc.. .......
Actual concentration of acid chloride in gastric contents at
end of test period, mgm. per 100 cc....................
Actual reduction in concentration of acid chloride in test
solution, mgm. per 100cc............................
Amount of acid chloride of test solution neutralized during
the test period, mgm. per 100cc......................
Amount of acid chloride added during the test period, mgm.
PrJOO CCuuvnre v i nnn et iiieennseeenneesnnaneennnns

Subject 1 Subject 2 Subject 3
After adminis-
Test 1 Test 2 Test 3
358 | 358 | 342 | 342 364 364 364
AR N
261 236 168 137 248 229 189
97 122 174 205 116 135 175
234 197 326 292 246 239 88
124 161 16 50 118 125 276
271 39 2 101
158 | 155 10
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helmj, Henrich, and Hill (19) when mixed duo-
denal secretions were added to acid gastric contents,
and suggests that very little acid entered the stom-
ach during the test period. The results obtained
in the second test which was carried out on Sub-
ject 1 during the thirty-minute period following
the conclusion of the first thirty minutes (Table
I) are practically identical with those obtained
in the first test.

It should be clearly understood that the 27 mgm.
of acid chloride neutralized were milligrams of
acid chloride per 100 cc. of the original acid
solution and that these 27 mgm. per 100 cc. of
the original acid test solution probably do not
represent all the acid chloride neutralized by the
alkaline fluid that entered the stomach during the
test period. It is most important to note that
any acid chloride secreted during the thirty-minute
period was likewise neutralized as well as the 27
mgm. of acid chloride per 100 cc. of the test solu-
tion. The method does not permit measurement
of this fraction of neutralization or of the total
neutralization that occurs during the test period.
On the other hand, the 124 mgm. reduction in
the concentration of acid chloride in each 100 cc.
of the test fluid is the net result of the reduction
of concentration by dilution and neutralization and

of the increase in concentration caused by the en- .

trance of pure acid gastric juice that contains acid
chloride in a concentration greater than the con-
centration in the test solution (approximately
600 mgm. per 100 cc.). The reduction in con-
centration in this case is probably not a true
measure of all the dilution and neutralization
which the alkaline fluid that enters the stomach is
capable of producing but is a measure of dilution
and neutralization after neutralization of the acid
chloride secreted by the stomach.

The results of Tests 1 and 2 on Subject 1
(Table I) are typical of the results of tests per-
formed when fluid that enters the stomach con-
tains little acid and is predominantly alkaline.
The results of Test 1 on Subject 3, on the con-
trary, are typical of the results obtained when
only slightly more alkaline than acid material is
present in the fluid that enters the stomach. If
the results of this test are analyzed in a manner
similar to that in which Tests 1 and 2 on Subject
1 were analyzed, it will be found that the same
conclusions may be drawn. In other words, so
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long as the alkaline elements predominate over
the acid elements in the combined fluids that enter
the stomach during the test period, whether the
predominance be great or small, the method per-
mits measurement of reduction in concentration
of acid chloride in the test fluid by dilution and
measurement of reduction in concentration caused
by neutralization. The reduction in concentration
caused by dilution is always 100 per cent while
that caused by neutralization varies from a negli-
gible amount to as much as a fourth of the total
reduction. The method does not permit, under
these circumstances, a measurement of the acid
secreted and neutralized or an estimation of the
total neutralization that occurs during the test
period.

Changes in concentration caused by the entrance
of more acid fluid than alkaline fluid. A solution
containing acid chloride in a concentration of 342
mgm. per 100 cc. was introduced into the stomach
of Subject 2 at the beginning of the first test
period (Table I). The percentage of the original
concentration of phenol red in the gastric con-
tents recovered after thirty minutes was 49. In
other words, the volume of fluid which entered
the stomach, per 100 cc. of gastric contents, dur-
ing this period was 51 cc. If the fluid which
entered the stomach had been water, the concen-
tration of chloride in the gastric contents recov-
ered after thirty minutes would have been 168
mgm. per 100 cc. and the original concentration
of acid chloride would have been reduced by 174
mgm. per 100 cc. (51 per cent). Actually, the
concentration of acid chloride in the gastric con-
tents recovered at the end of thirty minutes was
much greater (326 mgm. per 100 cc.) and the
actual reduction in concentration was only 16
mgm. The results obtained in Test 2, which was
carried out on Subject 2 during the second thirty-
minute period, are practically identical with those
of Test 1.

The reduction in concentration of acid chloride
in the test solution was only 9.2 per cent of the
reduction that would have been accomplished had
the fluid which entered the stomach been water;
moreover, no neutralization of the test solution
was measurable. Instead, at least 158 mgm. of
acid chloride per 100 cc. of test solution had been
added during the test period. Undoubtedly, some
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neutralization occurred but the amount of acid
chloride neutralized is unknown.

~ Approximately 26 cc. of pure fundic acid se-
cretion per 100 cc. of gastric contents is sufficient
to add 158 mgm. of acid chloride per 100 cc. of
gastric contents. The 51 cc. of fluid, per 100
cc. of gastric contents, that entered the stomach
contained not only 26 cc. of pure acid chloride
secretion and added not only 158 mgm. per 100
cc. of acid chloride but also added additional acid
chloride that was sufficient to neutralize all the
alkali in the remaining 25 cc. of combined fluid
that entered the stomach. The 158 mgm. of acid
chloride does not represent the total amount of
acid chloride added during the test period but
represents only that part of the added acid chlo-
ride calculable after neutralization of the alkali
in the combined fluids that entered the stomach.
The amount of acid chloride neutralized is not
measurable by the method.

Tests 1 and 2 on Subject 2 are typical of tests
in which more acid material than alkaline material
- is present in the fluid that enters the stomach
during the test period. The same is true of Test
2 on Subject 3. In Tests 1 and 2 on Subject 2
the acid material is greatly in excess of the alka-
line material, whereas in Test 2 on Subject 3 the
acid material is only slightly in excess of the
alkaline material. If the results of Test 2 on
Subject 3 are analyzed as were results of Test 1
on Subject 2, the same conclusions may be reached.
In other words, whenever the acid material pre-
dominates over the alkaline substance in the com-
bined duodenal and gastric fluids that enter the
stomach, the method measures reduction in con-
centration of acid chloride in' the test fluid, reduc-
tion in the concentration caused by dilution, and
the predominance of acid chloride over alkali in
the combined solutions that enter the stomach.
The reduction in concentration of the test solu-
tions is less than that expected from the addition
of water alone and may be accounted for by the
factor of dilution. Neutralization does not reduce
the concentration of acid chloride in the test solu-
tion. The method permits measurement of only
part of the acid chloride secreted during the test
period; it does not permit measurement of the
alkali that enters the stomach or measurement of
the extent of neutralization of acid that enters the
stomach.
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COMMENT

Regardless of the type of fluid that enters the
stomach the method permits measurement of the
excess of alkali or acid in the combined fluids
that enter the stomach. When the fluid is pre-
dominantly alkaline, the excess of alkali over acid
in the combined fluids that enter the stomach is
measured. When the fluid is predominantly acid,
the excess of acid over alkali is measured.

When the combined secretion that enters the
stomach contains more alkali than acid the com-
bined secretions dilute the test solution as much
as water, dilution is 100 per cent effective, the
combined secretions neutralize some of the test
solution, and the reduction in concentration of the
acid chloride of the test solution is caused both by
dilution and neutralization. The reduction in
concentration of acid chloride of the test solution
is the measure of the effect of dilution and neu-
tralization on the test fluid, after neutralization
of all acid chloride secreted by the stomach.

When the combined secretions that enter the
stomach contain more acid than alkali, the com-
bined secretions dilute the test solution less than
water. That is, dilution is less than 100 per cent
effective. The combined fluids do not neutralize
any of the acid chloride in the test solution. The
combined secretions add acid chloride to the test
solution, and thus tend to maintain the original
concentration of acid chloride that is introduced
into the stomach. The reduction in concentration
of test solution may be accounted for entirely by
the factor of dilution.

The reduction in the concentration of test solu-
tion is the net result of dilution and neutraliza-
tion on the one hand and the addition of acid
chloride on the other. Dilution is 100 per cent
effective so long as the alkaline substances in the
test fluid are greater than the acid substances.
Dilution is less effective as the proportion of acid
fluid in the total fluid that enters the stomach
becomes greater.

At the beginning of this analysis of the method,
we cited evidence that the introduction of acid
chloride in a concentration of approximately 0.1
normal did not always inhibit completely the se-
cretion of acid by the stomach during the test
period. In this connection it should be noted that
the acid chloride secreted by the stomach was
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measurable in 40 per cent of the tests on normal
persons and in 84 per cent of the tests on persons
who had duodenal ulcer (Table II). Certainly,

TABLE II

Results obtained when acid test meals were administered lo
normal persons and to patients who had duodenal ulcer

Normal Persons who had
persons uodenal r
(30 tests) (38 tests)

Cubic centimeter of dilution

(average) per 100 cc. of gas-

tric contents............. 23 33
Average reduction in concen-

tration of acid chloride,

mgm. per 100 cc........... 76 67
Percentage of cases in which

there was a demonstrable

neutralization of acid chlo-

ride in test solution....... 60 16
Percentage of cases in which

there was an increase in

concentration of acid chlo-

ride, after correction for

dilution................. 40 84

in about 65 per cent of our experiments acid
chloride was secreted by the stomach during the
test period in spite of the introduction of 0.1
normal solution of hydrochloric acid. The inhi-
bition' of acid secretion by the introduction of a
solution of 0.1 normal hydrochloric acid into the
stomach was much less in the cases of duodenal
ulcers than it was among normal persons.

The effect of increasing the amount of alkaline
fluid that enters the stomach during the test pe-
riod on dilution and neutralization. We found
that regurgitation of the duodenal contents
often follows the intravenous injection of secre-
tin or decholin. In this way we were able to
produce regurgitation and study the effect of
regurgitation of the test meal in the intact human
stomach. :

In Tests 1 and 2 on Subject 3 (Table I), 32
and 37 cc. of combined duodenal fluid and gastric
fluid entered the stomach during the test meal
and reduced the concentration of the acid chloride
of the test solution 118 and 125 mgm., respec-
tively. In Test 1, 2 mgm. of acid chloride of the
test solution was neutralized, while in Test 2,
10 mgm. of extra.acid chloride per 100 cc. of
gastric contents was added. ‘In other words, the
factors that regulate acidity of the gastric contents
acted similarly on the concentration of the acid
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test meal in' the two tests. Dilution was about
100 per cent effective, neutralization was negli-
gible, and the acid material and alkaline material
in the fluids that entered the stomach were ap-
proximately equal. At the beginning of the third
consecutive thirty-minute test period, 30 mgm. of
purified secretin was administered intravenously.
During the third test period, an increased amount
of fluid (48 cc. instead of about 35 cc.) entered
the stomach. The reduction in concentration of
acid chloride in the test fluid increased from about
120 mgm. to 276 mgm. per 100 cc. of test solution.
After the administration of secretin and after
regurgitation had occurred, dilution reduced the
concentration of acid chloride 175 mgm. instead
of about 120 mgm. per 100 cc. of test fluid and
was 100 per cent effective just as it was before
the administration of secretin and before regur-
gitation ; neutralization became definitely effective
and reduced the concentration of the acid chloride
in the test solution about 101 mgm. per 100 cc.,
and the alkaline material markedly predominated
over the acid material in the fluid that entered the
stomach. It should be noted especially that the
total reduction in the concentration of acid chlo-
ride of the test solution was affected 63 per cent
instead of approximately 100 per cent by dilution
after regurgitation was induced, and 37 per cent
instead of O per cent by neutralization after re-
gurgitation was induced.

In this experiment the amounts of acid material
and alkaline material in the combined fluids that
entered the stomach during the preliminary test
periods were approximately equal; following the
administration of secretin, additional alkaline fluid
entered the stomach, the amount of acid became
definitely less than the alkaline material in the
combined fluids that entered the stomach, the con-
centration of acid chloride in the test solution was
reduced beyond the reduction seen during the pre-
liminary periods, the reduction caused by dilution
was materially increased, and neutralization, which
either was not measurable or was measurable to
only a slight extent during preliminary tests, be-
came measurable and accounted for approximately
37 per cent of the total reduction in concentra-
tion of the acid chlotide in the test solution. In
other experiments in which the amount of acid
was routinely greater than the alkali in the com-
bined fluid that entered the stomach during the
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preliminary test periods, the regurgitation of al-
kaline fluid was sufficient to reverse the ratio of
acid to alkaline material in the combined fluids, to
render dilution 100 per cent effective, and to in-
crease neutralization, which was not measurable
in the preliminary test periods, to the point where
it was measurable and accounted for a considerable
portion of the total reduction in the concentration
of acid chloride in the test solution. Such ex-
periments clearly show the effectiveness of duo-
denal fluid in reducing the concentration of hydro-
chloric acid in the gastric contents and demon-
strate that the reduction is accomplished chiefly
by dilution and to a lesser extent by neutralization,
as it is in dogs (19).

A comparison of factors of dilution and neu-
tralization with the factor of acid secretion in
normal persons and in cases of duodemal ulcer.
The acid test meal was administered on thirty
occasions to normal subjects and on thirty-eight
occasions to patients who had duodenal ulcer.
The data in Table II show interesting but con-
trasting tendencies in the action of the factors
that regulate the acidity of the gastric contents in
the two groups. An average of 33 cc. of fluid
per 100 cc. of gastric content entered the stomachs
of the patients who had duodenal ulcer and an
average of 23 cc. of fluid entered the stomachs
of normal persons; that is, the average amount
of fluid that entered the stomachs of persons who
had duodenal ulcer was greater by 10 cc. than the
average amount of fluid that entered the stomachs
of normal persons. The average reduction in the
concentration of acid chloride in the test solution
was 67 mgm. per 100 cc. for the group of persons
who had duodenal ulcer and 76 mgm. per 100 cc.
for the group of normal persons; that is, the
average reductions in concentration were less by
9 mgm. per 100 cc., or 12 per cent, for the group
of patients who had duodenal ulcer than it was
for the group of normal persons.

This combination of findings, that is, the fact
that more fluid entered the stomachs and less
reduction occurred in the concentration of acid
chloride in the test solution in cases of duodenal
ulcer than occurred among normal persons, means
that, on the average, more pure acid secretion
entered the stomachs of the patients who had
duodenal ulcer than entered the stomachs of nor-
mal persons. This is in conformity with the well-
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recognized fact that patients who have duodenal
ulcer on an average secrete a larger volume of
highly acid fluid following stimulation with hista-
mine than do normal persons.

Neutralization of the acid chloride of the test
solution was measurable in 60 per cent of the
group of normal persons, but in only 16 per cent
of the group of persons who had duodenal ulcer.
Again, while acid chloride secreted by the stomach
(extra acid chloride) was measurable in only 40
per cent of the group of normal persons it was
measurable in 84 per cent of the group of persons
who had duodenal ulcer. We have just pointed
out that neutralization of acid chloride of the test
solution is measurable by this method only when
alkali exceeds acid, and acid chloride secreted by
the stomach is measurable only when acid chlo-
ride exceeds alkali in the fluids that enter the
stomach during the test period. In other words,
while the alkali exceeds the acid chloride in the
fluid that enters the stomach during the test period
in about four times as many normal persons as it
does in persons who have duodenal ulcer, acid
chloride exceeds alkali in about five times as many
persons who have duodenal ulcer as it does among
normal persons. Since dilution is 100 per cent
effective so long as alkaline material exceeds acid
material in the fluid that enters the stomach, it
will be seen that dilution was 100 per cent effective
among 60 per cent of normal persons, but in only
16 per cent of persons who had duodenal ulcer.
Dilution is usually much more effective among
normal persons than it is among persons who
have duodenal ulcer.

The greater average reduction that occurred in
the concentration of acid chloride in the test solu-
tion in the case of normal persons results from
the greater frequency with which alkali exceeds
acid in the fluid that enters the stomach and con-
sequently from the greater effectiveness of neu-
tralization and dilution in the case of normal
persons. Elman (15), on the basis of data ob-
tained while using the acid test meal on dogs, and
Levy (16), on the basis of data obtained while
using the acid test meal on man, concluded that
the smaller reductions of concentration in acid
chloride in the test solution in cases of duodenal
ulcer was attributable to an actual deficiency in
neutralization. In order to reach such conclusions
from the experimental data, these authors assumed
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that introduction of a solution of approximately
0.1 normal hydrochloric acid inhibits the secretion
of acid chloride by the stomach during the test
period and therefore that the reduction in con-
centration of the chloride in the test solution rep-
resents the influence of neutralization and dilution
unaffected by the secretion of acid. The con-
ception that the introduction of approximately 0.1
normal solution of hydrochloric acid would always
completely inhibit the secretion of acid chloride
by the stomach during a thirty-minute test period
has been rather well disproved by the work of
Apperly and Norris (12) and Wilhelmj, O’Brien,
and Hill (13). The findings in our own experi-
ments cast still further doubt on the validity of
this conception. Our findings demonstrate that
hydrochloric acid was definitely secreted in 65 per
cent of cases, that it probably was secreted even
in a great majority of the remaining cases, and
that a 0.1 normal solution of hydrochloric acid
will not always completely inhibit the secretion
of hydrochloric acid. They also demonstrate that
the reduction of concentration of acid chloride in
the solution used as a test meal cannot be ex-
plained solely on the basis of variations in the
amount of alkaline fluid that enters the stomach
but that it is chiefly dependent on the degree of
preponderance of the factor of dilution and neu-
tralization over the factor of acid secretion.
While there is a relative deficiency of alkali in
cases of duodenal ulcer we have been unable to
find conclusive evidence that there is an actual
decrease in the amount of alkali that enters the
stomachs of patients who have duodenal ulcer,
although we suspect this is so. The work of
Elman and Rowlette (20), which demonstrated
that pyloric obstruction that was produced experi-
mentally increases the acidity of the gastric con-
tents of dogs, may be cited in support of the belief
that the pylorospasm and the organic obstruction
in duodenal ulcer reduce regurgitation and result
in an increase in the concentration of hydrochloric
acid in the gastric contents as a result of a de-
crease in the effectiveness of neutralization.

SUMMARY

The acid test meal that contains phenol red as
an indicator of dilution provides an excellent
method for studying the factors which regulate
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acidity of the gastric contents, and demonstrates
the interplay of dilution and neutralization on the
one hand and of acid secretion on the other. The
method permits measurement of the reductions of
the concentration of acid chloride in' the test fluid
during the test period, of the excess of acid or
alkaline material in the combined fluids that enter
the stomach, and of the effectiveness of the factor
of dilution. The method has certain limitations.
It does not permit measurement of the total
amount of acid secreted, of the total amount of
alkali that enters the stomach, or of the total
neutralization of acid chloride during the test
period. It is an excellent method for the clinical
demonstration of effectiveness of duodenal re-
gurgitation in reducing acidity of the gastric con-
tents and it demonstrates that this reduction is
partly attributable to dilution and partly to neu-
tralization. Increased regurgitation of duodenal
fluid has again been shown to be an effective
means of reducing acidity of the gastric contents,
a fact long recognized and applied surgically in
many operations designed for the treatment of
peptic ulcer. Regurgitation increases the reduc-
tion attributable to both dilution and neutraliza-
tion. The relative importance of the factors con-
cerned in the regulation of acidity of the gastric
contents is different in the case of normal persons
and in cases of duodenal ulcer. The alkaline ele-
ments are greater than the acid elements in the
fluids entering the stomachs of a majority of nor-
mal persons, whereas the reverse holds true in a
majority of patients who have duodenal ulcer.
As a result of this fundamental difference, dilu-
tion tends to be 100 per cent effective in the case
of normal persons while this is rarely so in cases
of duodenal ulcer. Moreover, neutralization of
the acid chloride of the test solution is usually
measurable among normal persons but occurs
rarely in cases of duodenal ulcer. The acid se-
creted by the fundic cells appeared to have a
greater average volume in cases of duodenal ulcer
than it did in the group of normal persons studied.
While there is good evidence that there is a rela-
tive deficiency of alkali in the fluid that enters
the stomach of patients who have duodenal ulcer,
the method does not permit a statement that there
is an actual deficiency.
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