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observation was based primarily on results
with Methergine, a non-sympatholytic com-
pound. Dibenamine evoked symptoms of cen-
tral excitation which persisted for 30-45 min-
utes after injection though milk let-down was
not inhibited in those animals who nursed
during this period. Milk let-down, however,
was significantly inhibited when the drug was
injected 2 hours prior to nursing. after which
time adrenergic blockade has occurred. Atro-
pine induced a highly significant blockade of
the let-down response when injected 150-220
minutes before nursing, but failed to block
the response when administered 15-60 min-
utes before nursing. Oxytocin administered
after any of these drugs restored normal milk
let-down, indicating blockade was central
rather than peripheral. Since Dibenamine,
Hydergine and DHE 45 are powerful adren-
ergic blocking agents and atropine a cholin-
ergic blocking agent. it is postulated both
adrenergic and cholinergic links are present
in the neurohumoral arc responsible for dis-
charge of oxytocin from the posterior pitui-
tary gland.
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Digestive Action of Gastric Juice Following Various Types of Gastric

Resection for Duodenal Ulcer.*

(23343)

Joun F. PErry, Jr., PETER A. SaLMON, KamiL IMAaMoGLU, E. G. YONEHIRO, AND
OweN H. WANGENSTEEN
Department of Surgery, University of Minnesota Medical School, Minneapolis.

The present report evaluates operations de-
signed for treatment of duodenal ulcer by
comparison of the digestive action of the gas-
tric juice following such procedures. For this
purpose the erosive effect of gastric juice on
the cat’s esophagus has been measured and
pepsin and acidity have been determined.
These data have been compared with similar
data from a study of control non-ulcer pa-
tients and another group of patients with un-

* These researches received support from the
USPHS, Malignant Disease Research Fund, Ar-
thur and Stella Sanford Fund, and Jay and Rose
Phillips Fund.

treated duodenal ulcer. Previous experiments
(1) have shown gastric juice from 72% of
untreated duodenal ulcer patients produced
grade 3 to 5 digestion of the cat’s esophagus
during a 2 hour perfusion period. Only 9%
of gastric specimens from control non-ulcer
patients produced such severe degrees of eso-
phageal erosion. Acidity and pepsin concen-
trations in the gastric juice of the majority of
duodenal ulcer patients were found to be
greater than in controls(1). A correlation of
the data reported below, together with the
observed incidence of ulcer recurrence follow-
ing the several operative procedures studied
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FIG. 1. Types of gastrectomy for duodenal ulcer.

suggests this method may prove to be one of
the more precise and critical methods of eval-
uating the potential protective effect of an op-
eration for duodenal ulcer.

Method. Patients who had undergone vari-
ous types of gastric resection for duodenal ul-
cer were readmitted to hospital for overnight
aspiration of the gastric contents. All opera-
tions had been done 3 months to several years
previously. Secretions were collected by con-
tinuous suction from the gastric pouch with
an inlying gastric tube from 11:00 p.m. to
7:00 am. The specimen bottle was kept on
ice during the collection period, the volume
was noted and the aspirate was then either
frozen or subjected to analysis immediately.
The pH was determined with a glass electrode
and free HCl was determined by titration
with 0.1 N NaOH. Pepsin was determined
by the hemoglobin substrate method of An-
son(2) and expressed as tyrosine activity
units per cc of gastric juice. The gastric juice
was adjusted to pH 1.6 to 1.7 with dilute
HCl. The resultant solution was utilized to
perfuse the esophagus of an anesthetized cat

Segmental

-smaller resection-

as previously described(1). Degree of diges-
tion of the esophagus at the end of a 2 hour
perfusion period was graded after gross and
microscopic examination. Grades 0, 1 and 2
represent slight to moderate erosion of the
esophagus. Grades 3 and 4 indicate severe
degrees of digestion; grade 5 represents per-
foration of the perfused esophagus.

Types of operative procedures studied are
shown in Fig. 1. In both Billroth operations
(A & B) a 75% excision of stomach including
antrum had been done. Tubular gastrectomy
(C)(3) entailed excision of the body and
fundus with preservation of the cardia, lesser
curvature and antrum. Reconstitution was
by transverse gastroplasty. Heineke-Miku-
licz pyloroplasty was done only if cicatricial
stenosis of pylorus was present. Tubular
gastrectomy with antral denervation(D) dif-
fered in that vagotomy at the level of the
antrum was carried out by section of the nar-
row seromuscular bridge at the lesser curva-
ture; pyloroplasty was then done routinely.
The larger segmental gastrectomy (E) (4) en-
tailed 85 to 90% excision of the acid-pepsin



724

TABLE I. Eight Hour Night Secretion Following Gastrectomy for Duodenal Uleer.

Analysis of gastrie aspirate

Free HC1
(total mEq)

Patients studied

Pepsin
(units/ml)
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G. Control (no
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5
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secreting area of the stomach, with preserva-
tion of antrum. Reconstitution was by gas-
trogastrostomy, and a pyloroplasty was added
regularly to facilitate gastric emptying. The
smaller segmental gastrectomy (F) differs
from (E) only in that the extent of excision
of the acid-pepsin secreting stomach was 40
to 60%.

Results. Eighty patients have been studied
following various types of gastric resection
for duodenal ulcer. The distribution of pa-
tients as to type of gastrectomy, age and sex,
and the results of analysis of the overnight
gastric secretion data are shown in Table I.
Table II gives the results of perfusion of the
cat esophagus with gastric juice obtained
after the various types of gastric resection.
Included are data from analysis of gastric se-
cretion of control non-ulcer and untreated
duodenal ulcer patients.

A. Following the Billroth T operation, one
of 10 patients had demonstrable free hydro-
chloric acid in the gastric aspirate. This pa-
tient and an additional one had pepsin con-
centrations well within the range observed in
patients with active duodenal ulcer. Two of
10 gastric juice specimens on perfusion pro-
duced severe grades of erosion of the cat’s
esophagus. These results indicate that uni-
formly lower levels of acid peptic digestion
have not been achieved by the Billroth I gas-
trectomy.

B. After the Billroth II gastrectomy, no
free HCl was demonstrated in the gastric
juice of 12 patients and the pH values were
no lower than 3.5 in any instance. Yet 3 pa-
tients still had pepsin concentration in the
ulcer range. Perfusion of the cat’s esophagus
with 2 of these specimens caused severe diges-
tion (grades 3 and 5). Control of the acid
component has been achieved by this opera-
tion but these digestion studies suggest that
the gastric juice of some of these patients still
possesses digestive activity of the character
observed in patients with duodenal ulcer.

C. Free HCl was present in the gastric
juice of 6 of 20 patients studied after tubular
gastrectomy. In 3 of these the acid values
were high and the pH was correspondingly
low. Measurements of pepsin revealed values
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TABLE II. Digestion of Cat Esophagus with Gastric Juice Obtained after Various Types of
Gastric Resection for Duodenal Ulcer. Perfusion at pH 1.6-1.7.

Grade of digestion

With No. of patients whose gastric juice activity

Total No. falls in each category

Type of gastrectomy of patients 0 1 5
A. Billroth I 10 1 4 3 —_ 1 1
B. ” II 11 4 4 1 1 — 1
C. Tubular 19 4 9 3 1 —_ 2
D. Tubular with antral denerva- 6 2 3 — 1 — —

tion

E. Segmental (large) 11 1 8 2 — — -
F. ” (small) 20 2 16 — 1 — 1
G. Control (non-uleer) 56 5 30 6 2 2 1
H. Duodenal ulcer (untreated) 26 2 4 1 7 6 6

in the range of observations upon patients
with active duodenal ulcer in only one in-
stance; yet on perfusion, severe digestion of
the cat esophagus followed in 3 instances. In
2 of these, gastric juice was obtained from pa-
tients known to have clinical evidence of re-
current ulcer. Persistent free hydrochloric
acid in 30% of patients studied, and persis-
tent high digestive activity of the gastric juice
in 15% suggest that tubular gastric resection
is not a suitable operation for duodenal ulcer.

D. Antral denervation added to tubular
gastrectomy failed to provide uniform reduc-
tion in acid peptic digestive activity. One of
6 patients had a significant quantity of free
HCI but perfusion of the cat’s esophagus pro-
duced no erosion (grade 0). Digestive ac-
tivity from the gastric juice of another patient
in the series produced a grade 3 esophageal
erosion. This group of patients is small; yet,
the results suggest that an abnormal digestive
potential was present in the gastric juice in
at least one of them.

E. After the large segmental gastrectomy
(85-90% excision of the acid-pepsin secret-
ing area), the potential for ulceration by pro-
teolytic digestion appears to be well con-
trolled. In only one of 11 specimens studied
was free HCI present and the value was small
(2.2 mEq.). Pepsin values were low in all
instances. Perfusion of the cat esophagus did
not result in severe degrees of erosion in any
instance.

F. With more limited excision of the acid-
pepsin secreting area (40-60%), control of
acid peptic digestion has not been as striking
as following the larger segmental gastrectomy.

In 7 of 21 specimens, free HCl was present;
in one of these because of the large volume
(1,000 cc), the mEq. of free HCl was high,
totalling 35. Pepsin concentration was not
abnormally high in any instance, yet perfu-
sion of the cat esophagus in 2 instances
caused severe erosion (grades 3 and 5).
Discussion. The results of an assessment
of the potential digestive power of gastric
juice correlates well with our clinical experi-
ence with these operations in the surgical
management of duodenal ulcer. The demon-
stration of significant acid peptic digestion by
gastric juice of some patients studied after
Billroth 1 and tubular operations is compat-
ible with the known incidence of recurrent ul-
cer following these procedures(5,6). Although
high levels of peptic digestive activity can be
demonstrated in gastric juice after Billroth
11 resections, the pH of the juice is usually
high due to continued mixing with the alka-
line juices coming from the proximal duodenal
loop. Thus pepsin activation is not great in-
asmuch as the pH is not optimal. In the
Billroth II operation, therefore, one might
reasonably anticipate fair protection against
recurrent ulcer, largely through control of the
pH. Extensive clinical experience with this
operation indicates that the ulcer recurrence
is in the area of 2 to 4%. In the large seg-
mental gastrectomy (85-90% excision of acid-
pepsin secreting area) uniform control of the
acid peptic factor has been achieved in all
patients studied. Clinical experience with
this operation is comparable(4,7). Over one
hundred patients have been followed 4 to 8
years following this operation without a single
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recurrent ulcer. Patients having the smaller
segmental gastrectomy (40 to 609%) have not
been followed for a sufficiently long time to
permit full clinical evaluation of the oper-
ation(7). No recurrent ulcer has yet been
observed; however, significant acid peptic di-
gestion in the gastric juice was observed in 2
of 20 patients (grades 3 and 35: 10%).

It is too early, therefore. to conclude that
the smaller segmental gastric resection (40
to 609% ) will protect against recurrent ulcer
in the same measure as the larger segmental
resection.

Summary and conclusions. Nleasurements
of acid and pepsin values and determination
of degree of digestion attending perfusions of
the cat esophagus with gastric juice, obtained
from patients after gastric resection for duo-
denal ulcer, have been made. These results
indicate that esophageal perfusion employing
the gastric juice of patients previously oper-
ated upon is a sensitive method for evaluating
the likely protective effect of such operations
against recurrent ulcer. Following procedures
known to be associated with recurrent ulcers,
gastric juice from some patients can be shown
to have proteolytic digestive power not unlike
that seen with untreated duodenal ulcer.
After operations known from clinical experi-
ence to protect fully against recurrent ulcera-

CHLORPROMAZINE INDUCED CONVULSIONS IN MONKEYS

tion, the gastric juice of patients uniformly
shows acid peptic digestion in the range of
normals. This technic of assessment indicates
that the protection afforded by some gastric
resections is inadequate and that recurrence
is likely to follow. The operation affording
the greatest protection is definitely the larger
(85-90% ) segmental resection. Lesser grades
of protection appear to be provided by the
smaller (40-60%) segmental resection and
the Billroth II procedure. Next in line would
appear to be the protection afforded by tubu-
lar resection with antral denervation. Least
protection against recurrent ulcer would ap-
pear to be afforded by tubular gastric resec-
tion and the Billroth I operation.
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Convulsions and Bizarre Behavior in Monkeys Receiving Chlorpromazine.
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That chlorpromazine may have convulsant
actions in addition to its “tranquilizing” prop-
erties is suggested by a number of reports in
the literature. Thus. in patients with epilepsy,
Bonafede(1) reported that although addition
of chlorpromazine to the therapeutic regimen
without change in anticonvulsant medication
did not augment seizure rates. reduction of
the dosage of anticonvulsant drugs while
chlorpromazine was being given was followed
by an increased number of seizures in 26 out
of 78 patients, one of whom died in status

epilepticus. Bente and Itil(2) observed that
intravenous injection of 50 mg of chlorproma-
zine augmented paroxysmal activity in the
electroencephalograms of epileptic patients,
and in one of their subjects a major seizure
occurred later. Likewise, Kopeloff et al.(3)
found that, in monkeys with focal cortical
cicatrices produced by topically applied discs
of alumina cream, intravenous injection of 2
or 10 mg/kg of chlorpromazine accentuated
focal spike and sharp wave electroencephalo-
graphic activity, and on some occasions also



