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It is held as axiomatic that an understanding of
the mechanism of the passage of substances from
the blood stream to the gastric lumen must include
a knowledge of the passage of these same sub-
stances in the reverse direction. In the previous
paper (1), the absorption of radioactive sodium
(Na**) from the stomach was reported. Tangible
amounts of Na?* placed in a stomach pouch were
found after 15 minutes in the blood serum. From
1 to 7 per cent of the introduced base was ab-
sorbed from the acid bearing area during an hour,
the amount depending upon whether the stomach
was in a resting or secreting state; as much as 50
per cent was absorbed from the alkaline secreting
antrum in the same period. The continuous pas-
sage of this basic ion into the body fluids altered
significantly the concentrations of base in the
gastric contents. Since it is probable that the
sodium of neutral sodium chloride secreted into
the pouch would be reabsorbed in a manner similar
to the sodium introduced from the outside, it was
concluded that the contents of an isolated pouch
represents not true secretion but the resultant of
secretion and absorption.

Water is an integral part of any secretion and
the study of its exchange across the gastric mem-
brane would seem essential for a comprehension
of the control of electrolyte concentration in gas-
tric juice. It has long been established (2, 3)
that the contents of a gastric pouch is isotonic with
the blood plasma, and it has been assumed, there-
fore, that the secretion itself is isotonic. It might
be that the actual product secreted by a cell is not
isotonic but that equilibrium with the internal fluids
is rapidly reached by the exchange of water
through a neighboring cell. Examples of the abil-
ity of the body to handle fluids other than isotonic
are not wanting; the intestinal tract can absorb
large quantities of water, and the kidney produces
urine far to either side of isotonic.

The absorption of water from the whole stom-
ach or one of its parts has not been demonstrated.
Many years ago Pavlov showed that water was a
mild stimulant of gastric secretion (4). Thus, if
water is inserted into an isolated pouch of the
stomach, with the passage of time there is a net
gain in volume. It is possible, however, that as
the solutions of electrolytes are flowing into the
stomach and increasing the volume of the gastric
pouch contents, there is a simultaneous absorption
of a lesser volume of water.

It was decided to answer this question of the
absorption of water from the stomach, using deu-
terium oxide or so called heavy water (D,O).
This substance can be distinguished from ordinary
water (H,O) by physical means, and by its greater
density, and offers, therefore, the ideal for such
an experiment.

Heavy water has been used in other parts of the
animal body as a tracer substance to demonstrate
the direction and rapidity of shift of water from
one compartment to another. Recently Kinsey,
Grant, and Cogan (5) have measured by means
of D,O the flow of water into and out of the eye.
The rapidity and volume of exchange found was
surprising. In rabbits, one half of the water of
the aqueous humor was replaced every 2.7 minutes.
In the monkey, the exchange was slower, taking
7 minutes for one half to shift. The exchange of
water out of the vitreous humor of the rabbit was
somewhat slower than from the aqueous.

Animals have been observed to assimilate D,O
much as they do H,O. Only in high concentra-
tions and over long periods have organisms shown
intolerance to D,0 (6). For experiments of
short duration or when small quantities are used,
D,O can be considered to be handled by the or-
ganism much as is H,O.

METHODS

Two large male dogs were used, one with a pouch of
the body, or acid bearing area of the stomach, and the
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The percentage is plotted on a logarithmic scale.

Fifty per cent of the D,O

had been absorbed from the pouch at approximately 20 minutes.

other with a pouch of the antrum. The preparation and
care of such pouches has been described in previous papers
7, 1.

The exchange of water across the gastric membrane
was measured by the rate of absorption of D,O from the
pouch into the animal. A known volume of D,0 was
inserted into the pouch and its decreasing concentration
measured at intervals. The D,0 determinations were
made for us by Dr. Kinsey and Dr. Grant, to whom we
are greatly indebted. The details of the method are de-
scribed in their paper (5). The D,0O and H,O were
distilled off from the gastric fluid under partial vacuum.
The specific gravity of the distillate was determined by

means of a Linderstrgm-Lang constant density gradient
tube.

In the calculation of the percentage of D,O which had
disappeared from the pouch, that is, had been absorbed
into the animal, due account was taken of the volume of
the aliquots removed from the pouch for the determina-
tions, as well as the amount of secretion which was flow-
ing into the pouch as measured by the increase in volume
of pouch contents. )

The D,0 was made up as 10 per cent of the water of
an isotonic NaCl solution. An isotonic solution was used
in order to avoid the secretion of gastric juice caused by
water or a hypertonic solution (8). A known quantity
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of phenolsulphonephthalein (P.S.P.) was added to the
D,O salt solution, and its recovery from the pouch at the
end of the experiment served as a check on the absence
of leakage from the pouch. It has been shown by Wil-
helmj (9) that P.S.P. is not absorbed from the whole
stomach pouch.

The chemical determinations made on blood and gastric
juice were by standard laboratory procedures.

EXPERIMENTS

Two experiments were performed on the dog with the
pouch of the body, or acid secreting area of the stomach.
In the first, the dog was fasting; the dog had not been
fed for 48 hours but had been allowed free access to
water. The resting state of the stomach was proven by

TABLE I
D10: Percentage remaining in pouches at intervals
after insertion
The dog with the body pouch weighed 21.7 kgm.; the

dog with the antral pouch weighed 17.3 kgm.
Minutes
Date
20 | 40 | 60 | 80 | 120| 180
Body pouch
asting 4 1| 0 | December 11, 1941

Secreting | 31} 17 6 December 22, 1941
Antral pouch

Fasting 11 4 | 0 | December 11, 1941

a period of control observation before introducing the
D,O solution; during the 4 hours before the onset of the
experiment, the dog secreted only 5 cc. of an alkaline juice.
Thirty cc. of the D,0 salt solution were inserted by
catheter. At the end of one hour, the entire contents of
the pouch, 36.5 cc., was removed, an aliquot of 1.9 cc.
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taken for analysis and the remainder returned. At 2
hours, the contents measured 45 cc., and a 2.1 cc. aliquot
was taken. At 3 hours, the end of the experiment, the
contents measured 5.2 cc. In this experiment, there was
a 90 per cent recovery of the P.S.P. After the final
emptying of the pouch, 35 cc. of blood were removed from
the femoral artery. )

The percentage remaining at the hourly intervals of
the original amount of D,0O placed in the pouch is given
in Table I and shown graphically (broken line) on a
logarithmic scale in Figure 1. The absorption of D,O
was more rapid than anticipated ; indeed, none of the D,O
was detectable in the pouch contents at 3 hours. From
the figure, it is apparent that 50 per cent of the D,O was
absorbed at approximately 17 minutes.

In order to ascertain the condition of the animal, addi-
tional observations were made. The gastric secretion was
analyzed for pH and chloride content. An acid-base par-
tition including protein, as well as an NPN and hemato-
crit, was determined on the blood. The figures are given
in Table II; all of the blood findings were within normal
limits. The original gastric pouch sample showed a fast-
ing secretion but the later samples were consistent with
a small amount of acid secretion. )

In the second experiment, the dog was actively secreting
hydrochloric acid-pepsin juice. Fed by stomach tube in
the morning, 2 hours before starting the experiment, the
dog was observed to secrete 74 cc. of acid juice during
the hour before the experiment. After emptying the
pouch, 30 cc. of the D,O salt solution were inserted by
catheter. At 20 minutes, 40 cc. of contents were removed
and a 2 cc. aliquot taken. At 40 minutes, 77 cc. were
found and 2 cc. taken. At 80 minutes, the end of the
experiment, 134 cc. were recovered. Ninety-seven per
cent of the P.S.P. inserted was retrieved at the end.
Thirty-five cc. of arterial blood were taken after the final
emptying.

TABLE 1I
Gastric secretion and arterial blood studies on dogs with body and antral pouches

Where two figures are given for gastric secretion, the top one represents the determination done on the sample
removed immediately prior to insertion of the D0, the one in italics, the determination done on the sample removed at

the end of the experiment.

Gastri
secresion Arterial blood
State of pouch -
pH | c1 |Hemato| npy | Seum | 1 | cos | PO |Lacte| Pyruyic| Total | nNa | ca
2 | 2 | mem | woms | 2 | g | mem. | mem. | mem. | g | ;o | g
Body pouch : ‘
asting 8.2 | 118 :
32 | 158 50 25 59 111 | 33 | 3.0 | 30 24 155 | 143 | 5.0
Secreting 1.0 | 157
1.0 | 161 83 46 13 58 | 33 | 5.3 | 22 4.5 154 | 145 | 49
Antral pouch
Fasting 1.8 .
20 | 151 55 34 6.8 114 | 27 | 31 28 1.6 153 | 143 | 49
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The percentage of the D,O remaining at each with-
drawal is given in Table I and in Figure 1 (unbroken
line). The apparent rate of absorption of the D,O from
the actively secreting pouch did not differ from that ob-
served when the animal was fasting. Sixty-nine per cent
of the D,0 had disappeared in 20 minutes. The curve
reconstructed from the three points observed indicates
again that 50 per cent was absorbed in approximately 17
minutes.

The gastric juice and blood determinations, made to
evaluate the state of the animal, are given in Table II.
The gastric pouch juice showed an active state of secre-
tion. The blood findings were within the normal range
except for a slightly elevated hematocrit, a high CO,
content, and low chloride concentration, pointing to par-
tial chloride depletion.

One experiment was run on the dog with the antral
pouch. The animal had not been fed for 24 hours prior
to the experiment. The juice washed out of the pouch,
however, was acid, pH 1.8, suggesting a continued active

secretion. Seven cc. of the D,0 solution were used.

Volumes were measured and aliquots were removed at
hourly intervals. The final corrected volume was 10 cc.,

and there was essentially a total recovery of P.S.P.

Thirty-three cc. of arterial blood were taken.

The figures for the percentage of D,0 remaining in
the pouch are given in Table II and in Figure 1. At 3
hours, all of the measurable D,O had been absorbed from
the pouch. The slope of the disappearance or absorption
rate of the D,O was slightly more gradual than that of
the body pouch. The difference is not considered signifi-
cant, however, in view of the few observations. The re-
constructed curve intimates that half of the D,O had been
absorbed in 23 minutes. -

The antral juice and blood findings are recorded in
Table II. The juice showed a continued active secretion;
all of the blood findings are those of a normal dog.

COMMENT

If it is assumed that D,0 and H,O cross the
gastric membrane with equal facility and rapidity,
then under the conditions of these experiments,
half of the water within the pouch crosses the
membrane in approximately each 20 minutes. The
data available regarding exchange of water else-
where in the body of experimental animals make
such a rapid exchange reasonable. The observa-
tion by Kinsey et al. (5) that there is a different
rate of transfer in the eye of the rabbit compared
with that of the monkey suggests that the ana-
tomically comparable cell membranes of certain
animals may be more slowly permeable to water
than those of others. The slower rate observed
for the dog’s stomach, as compared with the rab-
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bit’s or monkey’s eye, may be due to the fact that
we are dealing with a different membrane, secre- -
tory rather than serous, or that it is a different
animal.

Although the rate of exchange of water ob-
served crossing the membrane of a gastric pouch
in the dog may not be directly applicable to the
human or other animal stomach, the observations
of this paper certainly point to a rapid physiologic
exchange of water in the stomach. The ability
of the stomach to reach isotonicity between its
contents and the body fluids is explained, and it
lends a broader interpretation to the observations
that water (4) and hypertonic fluids (8) are stimu-
lants of gastric secretion.

SUMMARY AND CONCLUSIONS

The exchange of water across the gastric mem-
brane has been investigated in the dog by observ-
ing the absorption of heavy water, deuterium ox-
ide (D,0), from stomach pouches. One animal

‘had a pouch of the body, or acid secreting portion

of the stomach, and another a pouch of the gastric
antrum. Under the conditions of the experi-
ments, half of the D,O was absorbed in approxi-
mately 20 minutes.

There was no significant difference in the rate
of absorption between the body and antral pouches.
Whether the body pouch was in a secreting or rest-
ing state also made no difference.

If it is assumed that the gastric membrane han-
dles D,0O as it does H,0, it can be concluded that
there is a rapid exchange of H,O between the
gastric contents and body fluids ; such an exchange
would be a major reason for their isotonicity.
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