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Perfusion experiments carried out by a
number of workers(1-3) have shown the di-
gesting and ulcerating effects of hydrochloric
acid-pepsin solutions on living tissues, and the
importance of pepsin in the production of such
digestion has been emphasized. Dameron and
Wangensteen(4) demonstrated the greater
necrotizing effect in intestinal loops of canine
gastric juice obtained from vagally innervated
pouches under pilocarpine stimulation than
that from Heidenhain pouches stimulated by
histamine. The more severe degrees of dam-
age produced by the former were assumed to
be due to a greater peptic activity. However,

* Supported by: USP.H.S, Graduate School,
Austen S. and Anne R. Cargill, and Jay and Rose
Phillips Funds for Surgical Research.

we have found no reference to the study of
the peptic activity of human gastric juice by
perfusion experiments of this type.

The present investigation was carried out
to determine the digestive action iz vivo of
human gastric juice with simultaneous meas-
urement of peptic activity and acidity. The
results indicate that the gastric secretions of
patients with duodenal ulcer, patients who
are acutely ill, and patients in the early post-
operative period secrete gastric juice with a
greater digestion power than that of control
patients and that this increased digestive ac-
tion is due to increased peptic activity of the
juice.

Method. Gastric secretion was collected
from fasting patients by an inlying gastric tube
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8 Hour Night Sceretion of Gastric Juice of Patients in Different Categories.
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attached to a water siphon. The collecting bot-
tle was kept on ice during the 8-hour period
of aspiration from 11 p. m. to 7 a. m. The
volume was measured and a sample removed
for pH, acid, and pepsin determination. The
pH was measured by the Northrup and Leeds
glass electrode, pepsin was determined by the
hemoglobin substrate method of Anson(5);
free acid was measured by titration with .1 N
NAOH. The pH of the remainder was ad-
justed to 1.6-1.7 with hydrochloric acid to
provide an optimal medium for peptic activ-
ity. It was then used to perfuse the esopha-
gus of the living anesthetized cat. The ex-
tensive susceptibility of the cat esophagus to
the digestive action of gastric juice was dem-
onstrated by Ferguson and associates(6).
The sample was used for perfusion immedi-
ately or preserved below 0°C until used. Cats
were anesthetized with pentobarbital (30 mg
per kg) and a cannula was tied into the cervi-
cal esophagus and another into the gastric
cardia. Perfusion of the cat’s esophagus was
carried out by dripping the gastric juice from
a reservoir bottle at a rate of 25-35 ml per
hour. The outflow tubing was raised to 20
cm above the level of the esophagus to pro-
vide a constant intraesophageal pressure. At
the end of a 2-hour period the animal was sac-
rificed and the esophagus carefully examined.
The degree of necrosis of the esophagus was
graded as follows on the basis of gross and
microscopic examinations: Grade 0: No in-
jury or only hyperemia of the esophageal mu-
cosa; Grade 1: Erosion of mucosal epi-
thelium; Grade 2: Ulceration into submu-
cosa; Grade 3: Digestion into muscular lay-
ers of esophagus; Grade 4: Impending per-
foration; Grade 5: Perforation during the
perfusion period. Patients whose gastric se-
cretions were studied were divided into the
following groups: a) Controls: Patients ad-
mitted to hospital who were not acutely ill
and who did not have duodenal ulcer, gastric
ulcer or other gastric disease. b) Dwuodenal
ulcer: Patients hospitalized on the Medical
or Surgical Service for treatment of duodenal
ulcer. All had clinical and radiographic evi-
dence of active duodenal ulcer. c¢) Gastric
ulcer: Patients hospitalized for treatment of
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TABLE II. Results of Perfusion of Cat Esopha-
gus with Human Gastrie Juice.

Total No.
of perfu- Grade of digestion
Category sions 0 1 2 3 4 5
Control 32 5 19 5 1 1 1
Duodenal ulcer 18 1 3 1 3 & 5
Gastric 9 1 5 2 — — 1
Postoperatives 54 4 22 14 3 1 10
Acutely ill 7 — 1 1 4 — 1
Gastrie cancer 9 2 5 2 — — —
HClin distilled 5 4 1 - — — —

water, pH 1.6

a gastric ulcer believed to be benign. All ex-
cept one of the group subsequently were op-
erated upon and were shown to have a benign
gastric ulcer. The remaining patient refused
operation. d) Gastric cancer: Patients later
demonstrated to have gastric carcinomas by
operation. e) Acutely ill: Patients who, by
clinical criteria, were known to be acutely ill
at the time of gastric aspiration, but had not
been operated upon recently, and did not have
duodenal ulcer or a gastric lesion. (f) Post-
operative: Patients who had undergone ma-
jor extragastric surgical procedures one to 5
days prior to the period of gastric aspiration.

Results. Table 1 shows the results ob-
tained by analysis of 8-hour night secretions
for volume, free HCI, pepsin, and pH. Mean
volumes were increased above control levels
to a significant degree only in duodenal ulcer
and acutely ill patients.

Peptic activity, expressed as tyrosine units
(5), was significantly increased in the gastric
secretions of patients with duodenal ulcer,
and patients in the postoperative period.
The mean value obtained for the acutely ill
group is increased above control level, but is
not significant (t = 1.683 p — .1). There
was no significant difference in peptic activity
in gastric juice of gastric ulcer and gastric
cancer patients as compared with control val-
ues.

Mean pH values were significantly lower
than the control value in the duodenal ulcer,
gastric ulcer, and acutely ill patients. In ad-
dition, a greater percentage in each of these
groups and the postoperative group had pH
values optimal for peptic activity (pH 2 or
below).

Table II shows the results obtained by per-
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fusion of the cat esophagus with the gastric
juice obtained from patients in various cate-
gories. Each perfusion was carried out with
gastric juice of a different patient. Fig. 1
illustrates minimal (Grade 1) and severe
(Grade 5) esophageal digestion produced by
2 hour perfusion. Gastric secretion from the
majority of control patients produced only
lesser degrees of esophageal damage. How-
ever, secretions obtained from 72% of pa-
tients with duodenal ulcer produced Grade 3
to 5 esophageal digestion. Likewise, the gas-
tric secretions from patients in the early post-
operative period caused greater esophageal
digestion than normal. In this group 26%
of specimens caused moderate to severe eso-
phageal damage. Gastric aspirate from
acutely ill patients shows a similar increased
digestive power of the gastric juice. The dif-
ferences in digestive action of gastric juice
of patients in these three categories are sig-
nificant as compared to that of controls. Ex-
cept for one patient, gastric juice from per-
sons with gastric ulcer caused no greater di-
gestion of the cat’s esophagus than that of
control patients. Additional observations will
be made upon patients with gastric ulcer as
they become available for study. Gastric se-
cretions obtained from persons with gastric
cancer showed no variation in necrotizing ef-
fects from that of control patients.

Discussion. The finding of an increased
digestion action on living tissue by the gastric
secretions of duodenal ulcer patients is in
agreement with data obtained from iz vitro
studies which have shown increased peptic
activity in the gastric juice(7-9). However,
although the number of patients available
thus far has been small, results obtained sug-
gest that gastric ulcer is not associated with
increased digestive power of the gastric secre-
tions. This would favor the concept that the
pathogenesis of gastric ulcer and that of duo-
denal ulcer differ from each other.

The increased necrotizing action caused by
gastric juice of acutely ill patients and pa-
tients in the early postoperative period sup-
ports the idea that ulcers of the upper gastro-
intestinal tract occurring during such stress
periods are the result of increased proteolytic
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FIG. 1.

activity of the gastric juice rather than a de-
creased resistance of the mucosa of the intes-
tine to ulceration. The results are in accord
with the observations of Gray(10) and others
that stress is accompanied by increased peptic
activity of the gastric secretions. In addi-
tion, an optimal acid medium for peptic ac-
tivity (2) is present in a greater proportion of
the gastric secretions obtained from patients
of these 2 groups.

Summary. 1. The digestive capacity of
human gastric juice, adjusted to pH 1.6-1.7,
has been measured by perfusion of the cat’s
esophagus. 2. The gastric secretions of pa-
tients with duodenal ulcer, patients in the
early postoperative period, and acutely ill pa-
tients showed significantly increased necro-
tizing effects on the esophagus as compared
with controls. Gastric secretions from pa-
tients with gastric cancer and benign gastric
ulcer showed no such increased digestive ac-
tivity. 3. Peptic activity measured iz vitro
was significantly increased in duodenal ulcer
patients and patients in the postoperative pe-

(Upper): Grade 1 digestion of cat esophagus.
(Lower): Severe digestion and perforation of esophagus (Grade 5). Gastric juice from duo-
denal ulecer patient.

Gastric juice from control patient.

riod. The mean pH values were significantly
lower than control values in duodenal and
gastric ulcer patients, postoperative patients
and acutely ill patients.
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