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The question as to whether the concentration of hydrochloric
acid in the freshly secreted gastric juice is constant or not continues to evoke much debate. So extensive have been the contributions already made to this field of endeavor that the value of
any new efforts directed toward securing data conclusive with
respect to this problem is obvious. Furthermore, it might be
expected that a settlement of this question would in itself constitute an important contribution to our knowledge of the mechanism of formation of the gastric hydrochloric acid. For these
reasons the experiments reported in this paper were planned and
carried out.
HISTORICAL

It is unnecessary to review here the extensive literature bearing
on the question. In view of the pronouncedly diverse opinions
that have been expressed concerning this problem, however, and
in order to orient the reader quickly, it seemsworthwhile to present a brief resume of the kind of evidence that has been cited for
and against the idea that the concentration of hydrochloric acid
in the freshly elaborated gastric juice is constant.
* A preliminary
report (Hollander, 1927) of the observations presented
in this paper was made before the American Society of Biological Chemists
at the Rochester, N. Y. meeting in 1927.
t This investigation
was started in the Laboratory
of Physiological
Chemistry, Yale University, under the tenure of a Medical Fellowship of
the National Research Council.
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Evidence
in Support of Constancy of Gastric Acidity
In 1879, Heidenhain reported approximate constancy in the concentration of gastric acid in several series of gastric samples collected from dogs.
Subsequently (1883) he suggested the possibility that such constancy may
be characteristic of the secretion as it is initially synthesized by the glands.
No significant contributions
to the problem were made thereafter until
Pavlov began his investigations and created the starting point of the present controversy.
Pavlov (1910) has claimed “that the gastric juice as it
flows from the glands possesses a constant acidity”
but this frequently
quoted statement is only a hypothesis and not a direct inference from his
experimental
observations.
In support of this we submit the following
context:
“All the more astonishing, therefore, . . . appears the fact, as it seems
to be, [italics ours] that the gastric juice as it flows from the glands possesses
a constant acidity.
. . . We do not, however, receive the juice directly from
the glands, even in our method.
After it is secreted by these it has to flow
over alkaline mucous membrane and inevitably becomes more or less neutralized, that is to say, has its acidity reduced.
To this circumstance
must be attributed the apparent fluctuations of acidity, as is clearly shown
It is a rule almost without exception
that the
by numerous observations.
acidity
of the juice is closely dependent
upon the rate of secretion; the more
rapid the latter, the more acid the juice, and vice versa. . . . Obviously
this is because the stream of juice has been neutralized by the mucus, and
if the stomach has been washed so to speak, in this manner several times in
succession, not unfrequently
all connection between rate of secretion and
degree of acidity can be removed.
That is to say, the juice is equally and
strongly acid whether it be rapidly or slowly poured out. . . . Additional
support is given to the theory
of constant acidity by the following.
. . .
[pp. 32341. The variations in acidity are often considerable, but we have no
reliable proof to show that they occur in the juice as it flows from the gastric
glands. . . . Nevertheless the possibility of a more intimate relationship
between acidity and rate of flow is not wholly excluded, such, for instance,
as exists in the case of the salts of saliva” (p. 124).
From the last sentence, it is apparent that Pavlov himself was not entirely convinced of the validity of this generalization,
particularly
when
data obtained from different individuals and in response to different stimuli
are considered.
Evidence in favor of Pavlov’s view has been advanced by various investigators from studies of (a) experimental gastric pouch animals with particular reference to the parallelism of acidity with secretory rate, (5) gastric
fistula cases in human beings, and (c) various types of clinical cases examined by the fractional analysis technique.
Evidence
from Studies with Experimental
Animals-Among
workers with
animals, Pavlov’s staunchest supporter has been Boldyreff (1915), who,
however, gave no evidence of his own in support of the constancy of the
maximum value for the concentration
of gastric acid, but cited a number of
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other investigators
instead, e.g. Umber (1905), Pfaundler (1900), Hornborg (1904), Goorevich (?), Moritz (1901), Seiler (1901), Verhaegen (1896),
and Sommerfeld (1905). More recently, Lim and Liu (1926) attempted to
fatigue the gland cells of Pavlov pouch dogs by repeated injections of histamine, and concluded from their observations that HCl formation follows
the “all or none” law; i.e., the concentration
of hydrochloric acid is constant and independent of intensity of stimulation;
the volume of acid juice
secreted per unit time, however, is a function of the extent of stimulation.
Likewise, McCann (1929) observed the common parallelism of acidity and
secretory rate in dogs, using the fractional technique for gastric analysis.
Changes in total acidity were explained solely on the basis of the Heidenhain-Pavlov theory; the possibility of a variation in the concentration
of
HCl as it was first synthesized was entirely discarded.
In their work with stomach pouches in cats, Gamble and McIver (1928)
found marked constancy in the total ionic content of the juice. Even
though the fixed base varied widely, and therefore also the acidity (which
was determined
by difference of total chloride and fixed base values),
these workers inferred the constancy of the original acid secretion from that
of ionic content.
The variations observed in the calculated acid values
were ascribed in the usual way to admixture of a mucous secretion.
Evidence
from CEinical
MateriaZ-From
numerous sham feeding experiments on a human fistula case, Kaznelson (1907) concluded that the gastric
acid is secreted at a constant maximum concentration.
Her data, however,
are far from being conclusive; in one series, for instance (Table I of her
paper), the values showed a random variation from 0.14 N (0.51 per cent,
pH 0.94)1 to less than 0.12 N (0.44 per cent, pH 1.00). Subsequently, Rehfuss and Hawk (1914) reported what they considered to be “the first direct
demonstration
in the human subject in favor of Pawlow’s theory of the
secretion of a juice of constant acid concentration.”
Their experiments
oonsisted of a series of fractional analyses on both normal and pathological
individuals.
Not only is there a lack of really good agreement among the
values found for different individuals,
but the variation shown in the region of the maximum for any one subject proves to be as high as fifteen
clinical units.
Furthermore,
the greatest of these values is hardly comparable with that found by Kaznelson in her human fistula case.
On the basis of an analysis of their clinical records Bloomfield and Keefer
(1926) concluded that “under uniform conditions of examination a normal
person secretes a gastric juice of highly constunt acidity . . . The vol1 There is no uniformity in the terminology employed by the workers in
this field to represent acid concentration;
per cent, pH, normality,
and
“clinical units” have all been used according to the individual preference
of the investigator.
Consequently, in this paper, whenever an acid value
Inis quoted in per cent, its equivalents will be inserted parenthetically.
asmuch as clinical units and millimolar
concentration
are numerically
identical, and equal to 1000 times the normality, only the latter and the
pH values will be employed.
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ume of secretion
and the degree of acidity
vary within
considerable
limits
in different
people but under the conditions
of these experiments
are practically
constant
in the same person on repeated
examinations.”

If it be true that the concentration of the acid as it is secreted
by the parietal cells may vary with the conditions obtaining at
the time of secretion, one might expect such a variation to be even
more marked in clinical cases of gastric hypersecretion.
Reference to so extensive a compilation as that of Rehfuss (1927) indicates the general acceptance by clinical investigators
of the view
that a true hyperacidity
in the above sense does not exist.
One of
us (Hollander,
1930) has recently reported very direct evidence
on this point.
In a gastric pouch dog there was observed a case of
hypersecretion
in which the average rate of flow was increased
more than lo-fold.
Nevertheless,
the acidity remained constant
within very narrow limits.
Evidence in Refutation

of Constant Gastric Acidity

Two lines of investigation
have been most productive of evidence cited in opposition to Pavlov’s theory.
The first of these
is based on comparisons of gastric acidity with rates of secretion
leading to the observation that acidity decreases during the latter
part of the digestive period, after having previously risen to a high
value,
In consequence of such observations,
Rosemann (1907)
objected to Pavlov’s idea on the ground that all of the mucus would
have been washed out during the early part of the experiment
thus eliminating the possibility
of further neutralization.
This
point of view was supported by the studies of Foster and Lambert
(1908, a, 1908, b), King and Hanford (1918), and Carlson (1923).
As for the second of these lines of attack, Rosemann called attention to the fact that the total chlorine content of the gastric juice
is very nearly constant.
This led him as well as other later investigators
(MacLean and Griffiths, 1928; Close, 1929; Webster,
1929) to favor the view that the chloride ion brought to the gland
is secreted at a definite fixed concentration,
part of it unchanged as
sodium chloride and part converted into hydrochloric
acid, and
that the extent of this change governs the acidity of the secreted
juice,
It is doubtful whether the studies made on so called “pure”
gastric juice obtained, for example, by the use of a stomach tube
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for the collection of gastric juice (Garbat, 1925, and Delhougne,
1926) really contribute much of value to a solution of the question
under consideration.
Much higher values for total acidity have
been reported by so many other workers that the purity of the
secretions obtained by these techniques may well be questioned.
Discussion

and Summary

of Evidence Just Cited from the
Literature

None of the evidence cited above is conclusive with respect to
the validity of either Pavlov’s theory or Rosemann’s
hypothesis.
The proponents of both views seem to be in accord with respect to
the following facts: (1) except in isolated instances, appreciable
variations
in total acidity always occur; (2) combined acidity,
determined as the difference between free and total, is always
significantly
large with its magnitude in general increasing as the
total acidity diminishes; (3) total chloride is relatively constant in
pouch juice, whereas, the values fluctuate over a very large interval in the case of stomach contents; (4) neutral chloride, determined directly as total base or as the difference between chloride
and acidity,
always increases as the acidity decreases
and
conversely.
It is conceivable that these variations may result from either
of two mechanisms,
if not both acting simultaneously.
First,
in accord with the suggestion of Pavlov, there may occur an admixture of one or more “foreign”
substances with a hydrochloric
acid secretion of uniform concentration.
If the foreign substance
contains alkali and alkaline earth bicarbonates in relatively small
though appreciable quantity, and chlorides in much greater proportion, with traces of phosphate, protein, etc.-as
do occur in
the mucous and other alkaline secretions-then
all of the fluctuations enumerated above can be accounted for merely on the basis
of variations in the relative amounts of HCl and the “contaminating” substance.
On the other hand, it is conceivable that such
fluctuations
are inherent in the original acid secretion; in other
words, that the various alkali and alkaline earth salts come in
greater part from the parietal cells.
It is the purpose of this paper to report a series of experiments
with gastric pouch dogs in which the relations of the acidity of
gastric juice to rate of flow of the secretion, method of collection
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of the samples of juice, and admixture with mucus were studied.
Two methods were found by which gastric juice of relatively constant pH may be obtained from pouch dogs. The value of this
“normal” constant acidity was found to be independent of the
individual animal, of the stimulus employed, and of the rate of
secretion.
EXPERIMENTAL

Preparation

of Gastric Pouch Dogs

The data presented here were obtained from five mongrel dogs
(four females and one male) provided with accessory stomach
pouches. Dogs E, G, J, and 0 had fundic pouches of the Pavlov
type; Dog Q had a Heidenhain pouch. In the case of Dog J,
the first operation provided a Pavlov pouch. Later, after a perforation of the septum occurred, a repair operation was performed
which changed the accessory stomach to that of the Heidenhain
variety.
Because of its importance in relation to the problem under investigation, it is advisable to give some details concerning our
operative procedure.
In our earlier operations (Dogs E and G),
the pouch was delivered through a left rectus stab wound and
anchored to the abdominal wall in the usual way. Many months
after the operation, fairly good retention of fluid was observed in
both cases, but only after skin erosion had been controlled sufficiently to permit of the formation of scar tissue around the mouths
of the pouches. Such a retention of juice within the pouch has
already been reported by others (Dragstedt, 1917; Gamble and
McIver, 1928).
Later in our work, however, it became apparent that development of such a sphincter action at the mouth of the pouch at the
earliest possible time after the operation would be of great value
in this research. This was finally accomplished by bringing the
pouch out through an opening in the oblique muscles made by
carefully separating the fibers in each layer by blunt dissection.
The pouch was anchored as before. In 2 to 3 weeks this sphincter
was found to be so effective as to retain fluid under considerable
pressure for several hours. However, when secretion continues
under these conditions, it has been noted that the pressure may
ultimately become so great as to force the sphincter with loss of
contents into the dressing.
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Care of Animals

Because the exudate from an eroded area surrounding the opening of the pouch has appreciable buffering power and therefore
may reduce the acidity of the collected gastric juice samples unless special precautions are taken, we wish to record here our
experience in combatting the skin erosion that results from continual leakage of the gastric juice. That this experience is common to most investigations in this field is suggested by the numerous records of attempts to deal with it. For our work retention
devices such as Carlson, Orr, and Brinkman (1914) and Boldyreff
(1925) used were undesirable because a foreign body is known
to increase the flow of mucus and perhaps also of an exudateparticularly if it be sutured in place; continuous collection of the
juice every day was impossible because of lack of manual assistance to care for all the animals used. Consequently a number of
chemical dressings to neutralize the acid were tried. Petrolatum,
zinc ointment,
calcium carbonate, magnesium carbonate, and
magnesium oxide all failed to prevent the formation of large areas
about the mouth of the pouch where muscle as well as skin was
digested away. The situation was finally controlled in the following manner.
The entire area was covered with precipitated
chalk over which was placed a piece of gauze thinly covered with
zinc ointment.
This in turn was held in place by a thick pad of
cellu cotton, the whole being covered with a jacket laced on the
left side and provided with holes for the forelegs. The lacing with
string made dressing the animals a very simple and rapid affair.
Ordinarily the dressing was changed twice a day. By this procedure it has been found possible not only to control the erosion
but actually, as in the case of Dog G, completely to heal a large
area which had been eroded for more than a year. The sphincter
action described above is also of great value in reducing this autodigestion, especially when combined with frequent catheterization
of the pouch; but if the retained juice is permitted to flow out into
the dressing, only the above combination of chalk and zinc ointment has been found to be satisfactory in minimizing
its erosive
effects.
All of the dogs were housed in metabolism cages. The usual
food was a modification of the Karr-Cowgill casein Diet 2 (Cowgill, 1921) with a 50 per cent increase in sodium chloride content
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to compensate for chloride lost by way of the gastric juice. This
food mixture is adequate for canine nutrition
when suitably
supplemented with sources of vitamins.
Twice a week the animals received liberal amounts of vitavose2 as a source of the vitamin B complex and cod liver oil as a carrier of the fat-soluble
vitamins.
In order to introduce some variety as well as to reduce the expense of feeding the dogs the routine diet was occasionally replaced by cooked or raw meat, meat residue,3 or commercial
dog biscuit and milk powder.
Technique for Collection of Gastric Juice
Inasmuch as the present investigation
centers about the influence of mucus secretion on the acidity, it was obvious from the
outset that the juice must be collected, if possible, by some device which will not augment the mucus flow by mechanical irritation of the membrane of the pouch.
Furthermore,
the device
must be such that exudate from the eroded skin, no matter how
slight, will be entirely excluded from the fluid collected.
In those
experiments which made use of the pouch sphincter (here called
the discontinuous collection experiments) the solution was a simple
one. The dog was left in its cage as usual. At such times as it
was desired to collect the accumulated fluid the dressing was
removed, the mouth of the pouch as well as the surrounding area
carefully cleaned, and a small soft rubber catheter (sizes 12 to
16, French) inserted for just long enough to draw off the juice.
Usually, slight pressure on the abdominal wall over the pouch
was sufficient to insure adequate evacuation.
Several times the
fluid was sucked out with a syringe, but almost invariably the
mucosa was drawn against the eye of the catheter with some
traumatization.
Therefore this procedure was not adopted as a
routine.
For the continuous collection experiments, however, when it was
desired to collect the secretion by continuous drainage-the
dog
being supported in an upright position by means of a sling-a
2 A commercial preparation
of the vitamin B complex obtained from
E. R. Squibb and Sons, New York.
3 The material remaining after removal of extractives in the preparation
of commercial beef extract.
Obtained from the Valentine Meat Juice Company, Richmond, Virginia.
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mechanical contrivance of some sort is essential.
Pavlov (1902)
used a simple multiple-eyed rubber catheter with a narrow flange
just beyond the last eye. Of all the devices described in the literature this seemed to give promise of affording the minimum of irritation of the gastric mucosa.
The arrangement finally perfected for
use in the continuous collection experiments reported in this paper
was designed on much the same principles.
is shown in Fig. 1. A
The completely assembled apparatus
is a soft rubber catheter (sizes 14 to 16, French) with solid tip and

FIG. 1. Device for collecting

gastric juice

three or four pairs of eyes punched in it. The catheter is draw
through a small hole in the flange E in such a way that the lowest
eye is 20 to 25 mm. above it. The flange is a 4 to 5 mm. disc
cut from a No. 12 or 14 solid rubber stopper. By means of this
device any serous exudate as well as any gastric juice which may
have leaked down the outside of the catheter will be kept out of
the collected sample. The flange is held firmly against the abdominal wall by a wide band of canvas which is perforated for the
passageof the catheter and the brass screws C. The ends of the
band are fastened over the dog’s back by a hemostat or similar
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instrument.
The receiving vessel is a 15 cc. graduated centrifuge
tube G passing through the center of another rubber disc D. This
second disc is held in place by the screws F, with two pairs of nut,s,
C and E, holding both the screws and the disc firmly in place. If
several such disc and tube combinations
are always at hand, the
collection vessel can be changed at any instant during the experiment without the loss of a single drop of fluid. Also, no matter
how much the dog may move, particularly
when it becomes restless
during a long experiment, there is no possibility
of losing the
sample, as exists with other contrivances.
The arrangements for
supporting
t,he animal during an experiment
were essentially
those illustrated
by Boldyreff
(1925).
The procedure in all these continuous collection experiments was
fairly uniform.
The animal was suspended in the sling and the
collecting device attached.
At least 1 hour thereafter (or long
enough to insure the absence of any marked acid reaction from the
previous meal) the animal was fed the indicated meal or given the
The minute at which food was offered was
injection of histamine.
t.aken as zero time. At convenient intervals thereafter, usually 15
or 30 minutes, depending on the rapidity of secretion, the collecting
tube was changed.
In the tables, the column headed ‘(time” gives
the number of minutes after zero time when collection of that particular sample was discontinued.
Volumes were read directly
from the graduations on the tube. Histamine was always given
subcutaneously
in the region of the left scapula.
No regularity
was attempted with respect to the amount, of food ingested or in
the volume of fluid injected, although this latter volume never
exceeded 3 cc. In general, collection of juice was continued until
the secretory rate reached a recognizably low value. For purposes
of comparison, t,he “rate of secretion” values in the tables have all
been calculated as cc. per 15 minute intervals.
In plotting pH
as ordinates, a descending scale has been used? corresponding to a
scale of increasing acidity.
Determination

of Acidities

Because of the great number of samples to be examined and
also because there was frequently
only a very small volume of
juice available, acidities were measured electrometrically
instead
of titrimetrically.
The relative advantages and disadvantages of
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these two methods, together with all manipulative
details, will be
described in the second paper of this series. The determinations
were made with a quinhydrone electrode designed to use no more
than 0.2 cc. of liquid for a measurement.
Since equilibrium was
remaining constant
usually attained in 3 to 5 minutes, the E.M.F.
for at least 30 minutes, it was possible to examine a large number
of gastric juice samples simultaneously.
Any steady drift in the
voltage, such as was occasionally observed, was sufficient grounds
for discarding the determination.
All samples were done in duplicate.
As an indication of the accuracy attained in this work,
the following may be cited.
carried out on a single large
Sixteen determinations
of E.M.F.
sample of gastric juice gave an average deviation (a.d.) of ~1~0.0004
volts.
Similarly, 66 determinations
with a standardized
0.1 N
solution of HCl carried out over a period of about 6 months, gave
an average of 0.3902 volts (a.d. rrtO.0003 volts).
In view of the
fact that 0.1 pH is equivalent to 6 millivolts, it may be assumed
that all values cited here are subject to a variation of & 0.01 pH.
All samples were filtered or centrifuged and decanted after collection to free them of mucin clots.
Any suggestion of the presence of blood, no matter how faint, necessitated discarding the
sample of juice which contained it. This was necessary for two
reasons: (1) to eliminate any low acidity values which might
result from neutralization
by blood buffers; (2) the presence of
thus rendering it
hemoglobin invariably
caused a drift in E.M.F.
impossible to make a satisfactory
measurement of pH.
Whenever
pH determinations
could not be made immediately
after collection of the secretion, the tubes were tightly stoppered and kept in
a refrigerator.
Preliminary
studies showed that no significant
change in acidity is induced in such tubes by filtration, centrifuging, or standing for 3 or 4 weeks under the above conditions.
Evaporation
resulting from ineffectual stoppering will bring about
a decrease in pH, due to increased concentration
of the liquid.
Also, the progressive solution of unfiltered mucin will decrease the
free acidity and therefore increase the pH, although the total
acidity may not be affected significantly.
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Observations
Series I.

Continuous

Collection Series with Food as Stimulus

In the first series of experiments (Table I) an attempt was made
merely to repeat Pavlov’s
early observations
on postprandial
TABLE

Series

I.

Continuous

Collection

- -

%?

I

Experiments
Time
min.

with

-

Volume

Food

-

as

Stimulus

Secretion
rate

-

cc.

cc. per 16
min.

Experiment B 4. Dog G B 4.1
stimulus, Karr-Cowgil
B 4.2

30
60
90
120
150*
180
210
240
270
300
330

1.6

0.8

3.74

2.7
2.4
1.8
2.4
2.6
3.3
2.5
2.4
2.1

1.4
1.2
0.9
1.2
1.3
1.7
1.3
1.2
1.1

1.61
1.49
3.14
1.65
1.59
1.31
1.48
1.50
1.80

Experiment
B 19. Dog
0; stimulus, Karr-Cowgill casein diet and beef
extract

B
B
B
B
B
B
B
B
B

19.1
19.2
19.3
19.4
19.5
19.6
19.7
19.8
19.9

30
60
90
120
150
180
210
240
270

0.9
1.4
1.1
1.1
1.1
1.5
1.2
1.1
1.4

0.5
0.7
0.6
0.6
0.6
0.8
0.6
0.6
0.7

1.61
1.07
1.02
1.01
1.01
1.02
1.02
1.05
1.09

Experiment
B 23. Dog
J; stimulus, Karr-Cowgill casein diet and beef
extract

B
B
B
B
B
B

23.1
23.2
23.3
23.4
23.5
23.6

30
90
150
210
270
330

0.6
0.6
0.6
0.8
0.8
0.8

0.30
0.15
0.15
0.20
0.20
0.20

1.49
1.60
1.51
1.29
1.25

casein diet and milk

B
B
B
B
B
B
B
B
B

4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11

* Small amounts of food were given near the end of this period.

variations in acidity.
Consequently, these experiments were all
performed by the continuous collection technique as described
above. As can be seen from Table I and the illustrative curves

E3

e

t

L
1 -6

1

1

1

;s
,,k

I.20

- Unutes

Time

60

1RO

-

collection experiments with food as stimulus.
FIG. 2. Continuous
was performed on Dog 0 with meat residue as stimulus; Experiment
on the Karr-Cowgill
casein diet and milk.

Time - Minutes4

L.6 t
?I

EXI’ERIXXNT

54

Experiment
B 3
B 5, on Dog G

240

4fd0
R
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(Fig. 2), the parallelism between acidity and volume is confirmed
beyond any possibility of doubt.
In Experiment B3, the secretory curve was a simple one; both it and the acidity curve rose to a
maximum and fell off immediately thereafter.
In Experiment B 4
a similar curve was obtained.
However, a small amount of food
eaten toward the end of the period resulted in a second rise in the
curve. Here again the parallelism persisted as long as observations were continued.
Experiment B5 is of particular interest.
For some unknown reason, the secretory rate varied irregularly
throughout the experiment.
In spite of these fluctuations, the
relation between the two variables continued throughout.
In
one place in his book Pavlov (1910) remarked that occasionally
he had noted that the acidity maintained a constant value for an
appreciable length of time. Experiment
B19 shows this same
behavior.
The effect here, however, is probably fortuitous and
arises only because of the absence of marked variation in the rate
curve.
All four of these experiments were performed with Pavlov pouch
dogs. Experiment B23 was made with Dog J at a time when the
postprandial secretory rate was exceedingly low. Subsequently,
the response to food disappeared almost entirely, although the
response of the pouch to histamine remained high. Nevertheless,
even this experiment gives manifest evidence of the correlation
between acidity and rate of secretion,
Series II.

Continuous

Collection Series with Histamine
of Low Secretory Rate

as Stimulus

The second series includes Experiments B 16, B 18, B 20, and
B 26, the data for which are presented in Table II and Fig. 3. In
this set, food was replaced by histamine as a gastric stimulant, in
order to determine whether the close parallelism between acidity
and secretory rate is equally observable with the latter substance.
Inasmuch as the highest rate attained in these experiments is 3.7 cc.
per quarter hour (Sample B 16.4) while the greatest postprandial
value recorded here is 3.2 (Sample B5.2), these two sets of observations are comparable with respect to secretion rate.
None of the records of these experiments shows the zig-zag
effect occasionally observable in the previous ones. Invariably
the rate curve rises to a maximum value as illustrated in Fig. 3,
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Experiment B20, and drops off again directly.
In all cases there
is a parallel increase in acidity, attaining its highest value simultaneously with the velocity maximum.
It may be concluded,
therefore, that the histamine curves demonstrate the same relaTABLE

Series II.

Continuous

II

Collection Experiments with Histamine
of Low SeEretory Rate

-

T

-.

as Stimulus

Secretion
rate

Time

Vdllme

min.

cc.

cc. per 16
min.

Experiment B 16.* Dog
0; stimulus, 0.2 mg.
histamine per kilo

B
B
B
B
B
B
B
B
B
B

16.1
16.2
16.3
16.4
16.5
16.6
16.7
16.8
16.9
16.10

15
30
45
60
75
90
105
120
135
150

2.3
2.6
2.8
3.7
3.7
2.9
2.6
1.9
1.1
0.9

2.3
2.6
2.8
3.7
3.7
2.9
2.6
1.9
1.1
0.9

1.06
0.98
0.95
0.94
0.93
0.95
0.96
1.00
1.12
1.22

Experiment B 18. Dog
0; stimulus, 0.2 mg.
histamine per kilo

B
B
B
B
B

18.1
18.2
18.3
18.4
18.5

30
45
60
75
135

2.1
1.8
1.4
0.4
0.5

1.1
1.8
1.4
0.4
0.1

1.13
0.95
0.94
1.02

Experiment B 26.t Dog
0; stimulus, 0.4 mg.
histamine per kilo

B
B
B
B

26.1
26.2
26.3
26.4

30
48
82
102

2.5
1.7
3.2
1.1

1.3
1.4
1.4
0.9

1.03
0.94
0.95
0.98

-

* All samples were slightly opalescent.
t Dog vomited shortly before the injection of histamine, probably
cause it licked some zinc ointment just before the experiment.

be-

tion between acidity and rate as was observed when food was
taken.
Series

III.

Continuous
Stimulus

Collection
Series
with Histamine
of High Secretory Rate

as

Inasmuch as the acidity varies at least qualitatively with the rate
of secretion, up to a rate of 3 to 4 cc. per quarter hour, the effect of a

in Minutes

B 20

Time

in Minutes

Experiment
B 20 was
FIG.
3. Continuous collection experiments with histamine as stimulus.
performed on Dog J with a low secretory rate stimulated by 0.05 mg. of histamine per kilo; Experiment B 27, on Dog Q with a high secretory rate stimulated by 0.4 mg. of histamine per kilo.
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further increase in this velocity is a matter of much importance.
One might find that no matter how much the rate of secretion be
augmented, its parallelism with the acidity persists.
On the other
hand, a point might be reached beyond which the acidity no longer
shows any significant variation.
Accordingly,
a third series of
experiments (Table III) was performed, differing from the previous series only in the relative rates of secretion.
In general
0.4 mg. of histamine per kilo of body weight increased the rate
sufficiently for the purpose.
By this means it was possible to
obtain a value as high as 7.8 cc. per quarter hour (Sample B 27.3).
It must be remembered, however, that the relation between dose
and magnitude of response is by no means the same for all dogs.
The experiments
cited in Table III show that under these conditions the correlation between the two variables disappears entirely (see Fig. 3, Experiment
B27).
In most cases the rate
curve has the same general shape as have those in the previous
experiments.
In two instances (Experiments
B 13 and B 17) a
second peak exists due to secondary disturbances
of unknown
origin.
Notwithstanding
this conformity
in the rate curves,
the pH curves all rise to a maximum
acidity (or minimum
pH value) after one or two samples and stay there until the rate
of secretion has fallen off considerably.
Sometimes the acidity
curve attains its maximum value even before the velocity curve
does, as in Experiments
B 15 and B 27. With but one exceptionExperiment
B 17-the
acidity never departs from the maximum
until the rate has fallen to 1.0 cc. or lower.
In this instance the
change in slope of the pH curve is first manifested at a secretory
rate of 1.6 cc. (Sample B 17.8). Such constancy, it may be noted,
is as good as the method of measurement permits; i.e., f 0.01 pH.
And it persists even in those experiments which show a double peak.
Let us consider the magnitude of this maximum acidity, or
minimum pH.
In the eight experiments cited, the pH values of
the plateaus are as follows:
Experiment
B 13, 0.91; Experiment
B14, 0.91; Experiment
B15, 0.91; Experiment
B17, 0.93; Experiment B21, 0.91; Experiment
B27, 0.90; Experiment
B 28,
0.90; Experiment
B29, 0.90 (all &O.Ol).
These limiting pH
values show a truly remarkable
degree of uniformity
(0.91 f
0.02, equivalent to a free acidity of 0.15 N).

TABLE

Series

III.

Continuous

Collection
of High
SaNmoqle

III

Experiments
Secretory

with

Rate

Histamine

as Stimulus

Secretion
rate

Time

Volume

min.

cc.

cc. per 16
min.

Experiment
B 13. * Dog
J; histamine
dose, 0.2
mg. per kilo

B
B
B
B
B
B
B
B

13.1
13.2
13.3
13.4
13.5
13.6
13.7
13.8

30
45
60
75
90
105
120
165

4.7
5.5
5.4
5.4
2.6
3.2
1.0
0.6

2.4
5.6
5.4
5.4
2.6
3.2
1.0
0.2

0.91
0.91
0.91
0.92
0.92
0.96
1.11

Experiment
B 14. Dog
G; histamine
dose, 0.2
mg. per kilo

B
B
B
B
B
B

14.1
14.2
14.3
14.4
14.5
14.6

30
45
60
75
90
120

4.3
3.4
2.9
2.2
2.1
0.7

2.2
3.4
2.9
2.2
2.1
0.4

1.14
0.91
0.91
0.91
0.92
0.99

Experiment
B 15. Dog
J; histamine
dose, 0.2
mg. per kilo

B
B
B
B
B
B
B
B

15.1
15.2
15.3
15.4
15.5
15.6
15.7
15.8

30
45
60
75
90
105
120
165

0.8
2.9
3.7
5.5
3.3
2.1
0.6
0.4

0.4
2.9
3.7
5.5
3.3
2.1
0.6
0.1

1.29
0.97
0.92
0.92
0.91
0.91
0.94

Experiment
B 17. Dog
G; histamine
dose, 0.4
mg. per kilo

B
B
B
B
B
B
B
B
B
B
B

17.1
17.2
17.3
17.4
17.5
17.6
17.7
17.8
17.9
17.10
17.11

15
30
w
60
75
got
105
120
135
165
195

2.0
3.9
4.4
3.3
3.6
2.7
1.9
1.6
0.8
1.1
0.7

2.0
3.9
4.4
3.3
3.6
2.7
1.9
1.6
0.8
0.6
0.4

1.48
0.96
0.93
0.93
0.93
0.93
0.94
0.98
0.99
1.11
1.36

Experiment
B 21. Dog
0; histamine
dose, 0.4
mg. per kilo

B
B
B
B
B

21.1
21.2
21.3
21.4
21.5

30
45
60
75
90

2.2
2.3
2.0
1.5
0.5

1.1
2.3
2.0
1.5
0.5

1.19
0.94
0.92
0.92
0.91

168

F. Hollander
TABLE

and G. R. Cowgill
III-COnChkdCd
Time

I

Volume

Secretion
rate

cc.

cc. per 16
min.

(*pl?ol,

Experiment
B 28. Dog
Q; histamine dose, 0.4
mg. per kilo

B
B
B
B
B
B
B

28.1
28.2
28.3
28.4
28.5
28.6
28.7

15
30
45
60
75
90
105

1.6
6.2
6.3
6.2
5.9
2.9
0.3

1.6
6.2
6.3
6.2
5.9
2.9
0.3

1.29
0.95
0.90
0.90
0.90
0.91
0.92

Experiment
B 29. Dog
Q; histamine dose, 0.4
mg. per kilo

B
B
B
B
B
B
B
B

29.1
29.2
29.3
29.4
29.5
29.6
29.7
29.8

15
30
45
60
75
90
105
120

1.8
5.5
6.2
5.8
4.5
3.9
1.4
0.4

1.8
5.5
6.2
5.8
4.5
3.9
1.4
0.4

1.25
0.90
0.89
0.89
0.90
0.91

* Histamine was injected 2.5 hours after feeding.
t Dog vomited during each of these periods.
Shortly after this experiment the animal became sick with a gastrointestinal
disturbance.
Even
on this day, in fact, loss of appetite was already observable.

Series IV.

Discontinuous Collection Series, with Food as
Stimulus

One of our first successful pouch operations was carried out with
Dog E. For a long time the animal was not used for experimentation, but one day it was observed that the mucosa had retracted
and scar tissue had formed sufficiently to retain large volumes of
juice for a number of hours. Unfortunately,
only a few such
samples of retained juice were collected for examination before
the skin closed over the mucosa entirely; these samples are included in the C 1 experiments in Table IV. In carrying out these
experiments only the usual diets were employed as stimuli, the
food having been given the dog in the morning after the pouch
was emptied of whatever secretion it may have retained from the
previous day. The average of these pH values is 0.92, in exact
agreement with the values later obtained by the continuous collection technique from the other four dogs. The concordance of
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Xeries

IV.

Diecontinuous

Collection

-

No.

--

C 1 (preDog E 1

IV

with Food as Stimulus

Experiments

-

7

Sample

Experiment
liminary*).

I

Time

Volume

hrs.

cc.

--

c 1.1
c 1.2
c 1.4

6
7

.-

0.93
0.93
0.90

12
26

64

PH (* 0.01)

Experiment
liminaryt)

C 2 (pre. Dog G

c
c
C
C

2.1
2.2
2.3
2.5

7:
9
7
7

5.0
4.5
1.3
1.1

0.91
0.92
1.03
1.06

Experiment
Dog G

C 2.f:

C
c
C
c
c
c
c
C
C
C
c

2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13
2.14
2.15
2.21

74
8
41

10.0
13.0
1.4
2.0
5.0
8.0

54
34
4

4.0
0.4
1.0
10.0

0.91
0.91
0.93
0.97
0.90
0.91
0.91
0.91
1.06
0.96
0.91

C
c
C
c
c
c
C
c
c
C
C
C
C
C

4.6
4.7
4.8
4.9
4.10
4.11
4.12
4.14
4.15
4.16
4.20
4.22
4.23
8.25
8.4

9
6
5a
5
5
5
4
4*
3
24
3
4
9

2
5
18
15
6
12
18
5
3
3
13
20
6
5
6

0.91
0.98
0.92
0.94
0.97
0.94
0.92
0.91
1.55
1.05
0.94
0.93
0.93
0.89
0.91

Experiments
C 8. Dog

C 4 and
0

C
-

;t
4t
5$

-

-

-
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Experiment
Dog Q

C

5.11

C
c
c
C
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IV-Conchded
No.

5.2
5.3
5.4
5.6

TiIIl.3

VOlUltll2

hrs.

cc.

Overnight
‘I

20
20
8
3

4
6

pH

(*

0.01)

1.14
0.92
1.02
0.94

* These samples were obtained by adventitious retention of juice, following accidental inversion of the mucosa. Throughout
this table, time
represents the number of hours after ingestion.
t These samples were collected while the animal was kept on its right
side, so that the juice might accumulate in the pouch.
$ These samples were collected after the badly eroded area had been
healed with simultaneous
formation of sphincter action. At the time
Sample C 2.15 was taken, the animal showed first signs of a gastrointestinal disturbance which lasted for several weeks (see Experiment B 17).
Sample C 2.21 was taken after the dog had recovered.
Q Samples C 8.2 et seq. were collected about a month after the C 4 series
had been discontinued and about 3 months after operation.
11These samples were collected before a perforation developed in the
septum between stomach and pouch. During the repair operation the pouch
was converted to the Heidenhain type.

these three values was so very striking, that, in spite of the paucity of data, an effort was immediately made to modify the pouch
operation in a such way as to afford sphincter action directly, without the formation of profuse scar tissue. After several failures, the
technique described above (see “Preparation of gastric pouch
dogs”) was finally perfected.
Before that end was attained, however, an attempt was made to
collect such retained juice in another way. Dog G had not yet
developed sufficient scar tissue around the mouth of the pouch
to hold the fluid within it. Therefore, after removing the dressing, the animal was allowed to lie on its right side. When in this
position, the opening of the pouch was at a level higher than the
body of the pouch and some fluid was retained. In spite of great
leakage resulting from the dog’s movements, it was occasionally
possible to remove some juice by aspiration with a fine rubber
catheter and a syringe. At no time was the volume thus obtained
very great and, obviously, most of the fluid secreted during the
experiment was lost. Of the four satisfactory experiments conducted in this way (Experiment C2, preliminary), two gave pH
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values in perfect agreement with those of Experiment C 1. The
others were higher, though far nearer the minimum values than
even the average of all pH values obtained in Series I. The
significance of these two irregularly high values will become clear
later from a study of the data in Table V.
With the regular retention of juice following the prevention of
erosion in this dog (Dog G) and the consequent formation of scar
tissue, the ease with which such samples were obtained was greatly
increased. The animal could be permitted its freedom in the cage
with the dressing on, until it was desired to remove the pouch contents. The same procedure was followed with Dogs 0 and Q,
in both of which sphincter action was obtained as already described. In the case of Dog Q, shortly after Sample C 5.6 was
obtained, the animal developed a perforation of the septum between the stomach and the pouch. In repairing the opening, the
nerve was cut in this region thus making the pouch one of the
Heidenhain
type. Thereafter, no postprandial
juice could be
obtained although the response to histamine was normal (see
Experiments B 27 through B 29).
Results with these three dogs are listed in Experiments C2,
C 4, C 5, and C 8. Examination
of the sample numbers in Table
IV will reveal that the list of consecutive samples is not complete.
The samples corresponding to the missing numbers were either
collected under special conditions for other purposes or else were
discarded because of the presence of blood or excessive mucin.
The pH values thus obtained show unmistakable clustering about
0.91. A detailed analysis of the data reveals the following.
Of
the thirty-seven pH values listed in these four sets of experiments,
twenty-two (60 per cent) fall within the range of what we believe
may fairly be regarded as indicating the minimum pH established
in Series III; i.e., 0.91 (& 0.02); four (10 per cent) are just beyond
this value. The remaining eleven (30 per cent) vary between
0.96 and 1.55, with only two values being higher than 1.06.
In view of the fact that about two-thirds of all these pH values
were at or near the minimum observed in the previous series, the
question arose as to the cause of the variation in the remaining
one-third.
Now, it was noticed that mucin clots4 occurred to a
4 The term
“mu&”
refers specifically
to the protein
viscous
“mucus”
secretion.
The importance
of this
present
work
is developed
below in the “Discussion.”
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much smaller extent in these samples than it did in those of Series
I and II.
On the other hand, in the experiments with the larger
doses of histamine, it was observed that the first sample usually
contained an appreciable amount of mucin while subsequent
Although it was impossible to
samples contained little or none.
establish a quantitative
correlation
of mucin content with a
lowered acidity, the frequency of concurrence of the two could
not be ignored.
It seemed almost certain that the extremely
TABLE

Series

IV.

Discontinuous

Collection
Postprandial
Sample

Experiments C 4 and
C8. Dog 0

No.

c 4.13
c 4.14

V

Experiments.

_-

Samples
Time*

Pairs
Volume

hrs.

cc.

3
4t

2.5
5.3

of

Successive
pH

(*

0.01)

1.08
0.91

c 4.19
C 4.20

12
13

0.97
0.94

C 4.21
c 4.22

8
20

0.95
0.93

c 8.1
C 8.2

3.5
5.0

0.98
0.89

c 8.3
C 8.4

2.0
6.0

1.27
0.91

* The time value for the first sample of each pair is the number of hours
after ingestion of food; that for the second sample is the time between the
two collections.
low acidity of the first sample in each of the continuous collection
experiments was due in part to an accumulation on the walls of
the pouch of viscous mucus which could not be removed by simple
drainage.
This accumulated mucus must not be confused with
that which may be secreted during the experiment.
In order,
therefore, to determine whether the high pH values of Series IV
can be ascribed to admixture of such a retained substance, the
experiments of Table V were performed.
It will be noticed from Table V that the samples were collected
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in pairs.
The technique was identical with that of the previous
experiments except for one detail.
Instead of taking one sample
each day, two such were taken at intervals of several hours as
indicated.
The first sample obviously contained not only mucus
secreted since the meal but a very large part of that secreted during the previous 18 to 24 hours.
The amount of mucus present in
the second sample was only that secreted since the collection of
the first sample, a few hours previous.
In each of the five experiments recorded in Table V the value for the second sample is
invariably near the minimum pH; the first is always higher than
it. Now, in collecting the samples of Experiments
C2, C 4, C 5,
and C8 reported in Table IV, such a preliminary ‘(washing
out”
Distribution
Series
NO.

of

pH

Values

I

TABLE

VI

in

,411 Four

Table
NO.

I

* The

I
II
III
IV
per

1.8
2.5
5.2
Equivalent
to Series
cent

values

1.37
1.02
0.97
0.96

38
23
57
37

(loo)*
(100)
(100)
(100)

I
are given

Experiments

Distribution
of pH values (No. of samples
and per cent of total within
each range)
Total

II
III
IV

of

Series

(*

,

0.91
0.02)

0
1
37
22

13
17
11
13

(0)
(4)
(65)
(60)

Above
1.08

(34)
(74)
(19)
(35)

25 (66)
5 (22)
9 W3)
2 (5)

in parentheses.

of the pouch was not practiced as a routine procedure, although it
happened several times as a resuIt of the accidental Ioss of a
pouchful of juice due to the pressure of the secretion being great
enough to force the sphincter.
Therefore the lack of this “washing out” of the pouch in all probability accounts for the irregularly
low acidity values recorded in Table IV.
Comparison

of the Four Series of Experiments

Table VI presents a study of the distribution
of the pH values in
the four series of experiments just described.
The third column
contains the average, for the entire series, of the highest secretory
rate tabulated for each experiment.
As such, this figure is a
crude measure of the relative rate of secretion under the conditions of each series.
Obviously,
no corresponding
value is
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possible for Series IV (discontinuous
collection experiments) but
independent observations
have shown that the total volume of
juice secreted with any one diet and dog is independent of the collection technique-as
might be expected.
In the fourth column
are listed the averages of all the pH values within each series of
experiments.
Since pH is a logarithmic function of the acidity,
one must be careful not to attach too much significance to these
arithmetical means.
Nevertheless,
such calculations are of much
value as a qualitative
indication of group differences.
Finally,
in the fifth and subsequent columns of Table VI there is shown the
distribution
of the individual pH values within each series. The
three divisions chosen are 0.91 f0.02, 0.94 to 1.08 (selected only
because 1.08 is the pH of 0.1 N HCl), and values greater than 1.08.
Such an organization of data affords a ready survey of the relative
tendency of each series toward attainment
of the minimum pH
value.
A comparison of Series I, II, and III indicates a progressive rise
in average acidity corresponding
to the rise in average maximum
rate of secretion.
Apparently,
therefore, the series behavior is
identical with the commonly observed parallelism of these two
variables
(in cont’inuous collection experiments
of this sort).
Similarly, the distribution
data show a regular shift in the pH interval containing the greatest proportion of pH values.
In Series
I, two-thirds
of the values are less acid (higher) than 1.08, with
none at the minimum.
Whereas only one value is at the minimum pH in the next series, 74 per cent axe now in the second division. With the further increase in average acidity in Series III,
the bulk (65 per cent of the values fall within the minimum range.
The distribution
between the other two divisions is about equal.
In the last series, the proportion of values at the minimum pH is
almost the same as in Series III; only here, most of the remaining
values (all but two) fall in the 0.94 to 1.08 division.
In both
Series III, a continuous collection series, and Series IV, a cliscontinuous series, the greatest proportion of the pH values falls within
t.he first range, and no values smaller than this were observed.
It is evident, therefore, that the acidities do not exhibit a distribution of the random sort.
In other words, there is a definite upper
limit to the acidity attainable in these experiments.
On the other hand, the secretory rates of the two postprandial
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series, Series I and IV, representative of the two methods of collecting the juice, were about the same. Therefore, the attainment
of this upper limit is not caused by a high secretory rate, but by some
other factor. Replacing the older continuous collection method by
the sphincter technique served to reduce the magnitude of this
factor or of its influence. This other variable operating to reduce
the acidity is apparently the flow of mucus secretion. In Series I
a rubber catheter was held in the pouch, rubbing the mucosa and
causing a slight but perceptible flow of mucous protective (?)
fluid throughout the experiment; in the discontinuous or retained
juice series, Series IV, this constant though mild irritant was absent. Consequently different amounts of this “contaminant”
of the secretion of the parietal cells were present in the two cases
resulting in different acidities.
In the experiments of Series I and II there can be no doubt of
a definite parallelism of acidity with secretion rate. Traces of
mucus which adhered to the pouch wall before the experiment was
started had undoubtedly been washed out by the end of the second sample. But the correlation may persist for several hours
thereafter, as in Fig. 2, Experiment B5. Throughout these experiments, therefore, we believe there occurs a slight flow of mucus
or other alkaline fluid under the stimulus of a fairly constant irritant, i.e., the catheter.
Consequently, with an increase in flow
of acid secretion, the surface between catheter and mucosa is
lubricated to some extent thus reducing the amount of irritation
and therefore the absolute amount of alkaline secretion present.
In Series III, the flow of parietal secretion is so great as to reduce
the friction to a minimum.
In this way, there arises the large
number of pH values which lie within the minimum
range for
this series.
DISCUSSION

The data just presented, in our opinion, offer considerable support for the view that when the parietal cells elaborate hydrochloric acid they pour out this substance at a definite concentration,
determined probably by the osmotic equilibria of the animal.
In
support of this view and in opposition to the hypothesis of Rosemann (1907, 1920), Foster and Lambert (1908, a and 1908,6), MacLean and Griffiths (1928), and ot,hers, we have adduced two argu-
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me&s, as follows: (1) By the analysis of the data presented in
Table VI, it has been shown that there exists a dejinite maximum
acidity of pouch juice attainable under these experimental conditions.
(2) This maximum acidity can be attained without any
significant change in the rate of secretion, as shown by the discontinuous collection technique employed in Series IV. On the
other hand, when the maximum acidity has once been attained in
a continuous collection experiment, as in Series III, this value may
persist in spite of a marked drop in the secretory rate. Consequently, variations in rate of secretion are not of necessity accompanied by corresponding changes in acidity.
It is highly unlikely that the constant maximum acidity observed in this study represents an upper limit to the varying degrees of hydrolysis
of neutral chlorides, as Rosemann postulated.
On the contrary, this constancy is, in our opinion, more directly
indicative of a parietal secretion of constant HCl content.
The
value of this normal maximum has been confirmed by additional
measurements
made on eight other Pavlov pouch dogs prepared
more recently by both of us working independently.”
Further confirmation is afforded by the corresponding data for
humans and cats recorded in the literature.
In cats, the highest
value reported by Carlson, Orr, and Brinkman
(1914) is 0.55 per
cent (pH 0.91, 0.151 N). Gamble and McIver (1928) working
with this same species found that the total ionic content was
stationary at 0.165 N. Observations on humans are similar.
Frouin (1899) quotes Seeman to the effect that the total acidity
is about 0.6 per cent (pH 0X3,0.160 N). Menten (1915) found pH
values as low as 0.92 (0.147 N) in Mr. V., a gastric fistula case,
while Kaznelson (1907) obtained similar values as acid as 0.14
N (0.51 per cent, pH 0.94). Boldyreff (1915) cites pH values 0.92
to 0.94 (0.147 to 0.140 N). Delhougne (1926) reported total
acidity values as high as 0.150 to 0.160 N. Also, Rosemann (1920)
cites a number of investigators-including
Sommerfeld (1905),
Bickel (1906), and Umber (1905)-as having found total acidity
values of 0.55 to 0.60 per cent (pH 0.91 to 0.87, 0.164 to 0.151 N).
The agreement of all these values with the corresponding values
for cats and with our maximum acidities for dogs is such as to
6 We are indebted to Mr. Alfred Gilman for securing numerous data from
some of these additional animals.
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leave no doubt of the existence of some factor common to the intracellular secretory mechanisms of all three species; in all probability, this is the osmotic pressure of the tissue fluids.
That mucus is not the only agent effective in reducing the
acidity, however,
is quite certain.
While in general, retained
samples of the lower pH values show less mucin than do those of
higher pH (or lower acidity), this is far from being universally
true.
Likewise, in samples collected by continuous drainage, the
absence of a quantitative
relation between mucin clot and acidity
has also been noted.
Such observations suggest that other agents
Numerous investieffective in reducing acidity must be sought.
gators have already hinted at the presence of another fluid, the
“Verdiinnungssekretion.”
Whether the epithelial detritus and a
lymph transudate
play any important
role in the process we
cannot say at present.
On the other hand, the secretion from the
peptic cells does unquestionably
play a part, though as yet we
It is not impossible that what
have no notion of its magnitude.
different investigators
have been calling the “Verdiinnungssekretion” really consists simply of the products of both the mucusand pepsin-forming
cells.
The chemical process by which these non-parietal
secretions
effect a reduction of gastric acidity merits some consideration.
Foster and Lambert (1908, 13) have argued that, granting that
mucus does occur in the gastric juice as collected, its addition to
the HCl would affect the free acidity but not the total as determined by titration with NaOH and phenolphthalein.
This is so,
they maintain, because the sodium ion will replace the mucus
group in the mucus-HCl
compound as it does the hydrogen ion
in HCl, since a strong base will always replace a weaker one. The
fallacy of the argument arises from a confusion of the entire mucous
secretion with one of its components, mucin.
It has been shown
by a number of investigators
(Gamble and McIver, 1928; Grechen,
1909) that the product of the mucus cells is a highly viscous liquid
containing most of the inorganic constituents
characteristic
of
plasma as well as the protein, mucin.
Consequently, it contains a
fairly large proportion of alkali bicarbonates, the addition of which
to the parietal HCI results in an absolute loss of acid in the form
of CO% Thus, not only will there be a decrease in the free acidity but in the total as well when the mucus secretion mixes with
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that of the parietal cells. Simultaneously,
alkali chloride and an
exceedingly small amount of protein-HCl
compound will be formed.
The latter may behave in the manner described by Foster and
Lambert, but the variations
in acidity which concern us here
probably result from the reaction with bicarbonate.
This loss of acid as COZ, however, accounts only in part for the
reduction
in acidity.
The addition of mucous secretion, even
were it free of bicarbonate, would reduce the acidity of the original
HCl solution by a simple dilution process.
Similarly, even if the
other contaminants,
like the pepsin secretion, do not contain
appreciable amounts of bicarbonate,
they must exert a very
significant
influence by this dilution effect alone. It may be
argued that such a dilution process should have an equally marked
effect on the chloride ion concentration
of the gastric juice. The
diluent, however, contains a very high concentration
of neutral
chlorides and the pH is near that of the neutral point.
Consequently, apart from any true neutralization
by bicarbonate, etc.,
the effect of dilution in reducing gastric acidity will be many
times as great as its effect in diminishing the total chloride.
There remains for consideration
the bearing of these observations on the opposing views of Rosemann; namely, that (1) not
the HCl content but the total chlorine is the constant factor,
and (2) the decrease in acidity during the latter part of the digestive period from its previously
high value is contradictory
to
Pavlov’s theory, because all of the mucus should have been washed
out during the early part of the experiment.
Inasmuch as no
data for total chlorine are presented in this paper, a consideration
of the first of these points is reserved for a later communication.
Regarding the second contention,
however, it is apparent that
Rosemann entirely neglected the possibility of a continued secretion of mucus throughout
the experimental
period.
When
this factor is minimized, as in the histamine experiments with a
high secretory rate, so that only the initial retained mucus plays a
major role, the results are entirely as Rosemann demanded of
Pavlov’s theory; i.e., no drop in acidity occurs after the initial
rise (see Fig. 3, Experiment B 27) until t.he fluid collected contains
a relatively large amount of mucus and but a small amount of
the parietal secretion.
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SUMMARY

A method has been described whereby accessory stomach
pouches in dogs can be provided with sphincters. With the aid
of such sphincter action it was possible to collect gastric juice
secreted in the absence of a solid collecting device-the discontinuminimizing the amount of
ous collection technique here used-thus
mucus secretion arising from irritation of the mucosa by such a
solid body. These dogs have also been used for continuous collection experiments.

The observations of Pavlov regarding the parallelism of acidity
and secretory rate for postprandial gastric secretion in pouch
dogs have been confirmed (Series I). Furthermore, it has been
found that the same relation obtains when histamine is used as a
secretory stimulant, provided the rate of secretion is not significantly greater than that obtained when food (Series II) furnished
the stimulus.
On the other hand, when a much higher rate was
induced, by the use of a larger dose of histamine, this parallelism
disappeared.
Instead, the acidity rose to a maximum value at
which it remained constant until the rate of ffow of juice had again
fallen to a low level (Series III).
In most cases, this velocity
value was so low as to correspond to a preponderance of mucus;
i.e., the secretion of acid had almost ceased.
Maintaining
the general conditions of Series I, postprandial
experiments were next carried out by the discontinuous collection
method (Series IV). The average acidity obtained by this technique was very much greater than that obtained by the continuous
collection method, and practically the same as in Series III.
It
was also shown that, if retained mucus be “washed” out of the
pouch by discarding the first sample of postprandial juice, subsequent samples invariably
possess acidities at or very near the
maximum.
A similar attainment of the maximum occurs in Ser
ies IV because of the initial absence of t,he object which causes this
irritation, the catheter.
The value of this maximum acidity in pH units was 0.91 ~1~0.02.
Data are presented showing this to be constant for five mongrel
dogs of widely different physical characteristics, under a variety of
conditions.
Subsequently, these results were confirmed by the
data from eight additional animals.
Confirmation by data in the
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literature for cats and human beings was also pointed out.6 Such
agreement among the three species is regarded as supporting the
view that the unaltered secretion of the parietal cell is isotonic
with the blood, the osmotic pressure of which is about the same in
all three species, and that the true acidity of this secret.ion is
determined by the osmotic equilibria of the animal.
The deviations from this maximum are ascribed to contamination of the secretion of the parietal cell by that of the mucusforming and peptic cells. A lymph transudate
and epithelial
detritus may perhaps play a minor part.
The authors advance the view that the chemical mechanism by
which the acidity of gastric pouch juice is reduced depends upon
two factors: (1) a simple dilution by fluids (mucus, peptic secretion, etc. (?)) containing a large concentration of neutral chlorides,
as a result of which acidity is reduced much more than is the total
chloride content; (2) an actual neutralizat,ion by the bicarbonate
in at least one of the fluids, as a result of which there is a further
marked reduction in total acidity.
Mucin probably plays only a
minor role in this second process.
These results, we believe, constitute ample confirmation of the
Heidenhain-Pavlov
hypothesis regarding the constant acidity of
the secretion of the parietal cells. At the same time, by demonstrating the possible independence of acidity and rate of secretion
they present a fundamental
incompatibility
with the opposing
theory of Rosemann and his supporters.
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