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Despite recognition of the importance of cen-
tral nervous system function in the control of
gastric secretory and motor processes and the gen-
eral acceptance of the concept that duodenal ulcer
is associated with abnormal nervous influence upon
the stomach, there is little objective evidence con-
cerning the exact mechanisms involved. The
main hindrance to collecting data for examining
the relationships between nervous and gastric
functions in patients has been the lack of tech-
niques for measuring the functional status of the
autonomic nervous system. The present report
concerns the results of a comparative evaluation
of autonomic function in ulcer patients and in
normal subjects by determination of urinary ex-
cretion of free epinephrine and norepinephrine.
The results of two separate experiments are re-
ported.

METHODS

First experimentt. Urine and gastric juice collections
were made before and after administration of peptone
broth, histamine, and insulin to 10 male ulcer patients and
10 nonulcer male control subjects (1). None of the
control subj ects gave a past history of gastrointestinal
symptoms suggestive of peptic ulcer. Seven of the con-
trol subjects were normal, healthy individuals; they
came to the hospital immediately prior to the testing,
having carried out their normal activities on the pre-
ceding day. These 7 control subjects were paid volun-
teers selected so that each could be matched with one of
the ulcer patients on the basis of age and general level
of activity. The remaining 3 control subjects were hos-
pitalized for illnesses other than duodenal ulcer. One
had carcinoma of the rectum, one chronic cholecystitis,
and one had mild cholangitis secondary to a partial
stricture of the bile ducts. All of the ulcer patients had
active ulcers at the time the tests were carried out.
Five were ambulatory and came to the hospital for these

* This investigation was supported in part by a grant
from the United States Public Health Service [A-1836
(Rl) ], by a contract between the Massachusetts Gen-
eral Hospital and the United States Air Force [49(638)-
98], and The Fund for Research and Teaching, Depart-
ment of Nutrition, Harvard School of Public Health.

tests, as did the 7 healthy volunteer control subj ects.
Of the remaining 5 ulcer patients, 2 were on the surgical
wards with the immediate prospect of operation and the
other 3 were on the medical wards. None of the hos-
pitalized patients (either control or ulcer) was confined
to bed. Sedatives and anticholingeric medications were
omitted for at least 12 hours before the tests.

Each subject was tested on 2 separate days. The tests
began each day at 7 :30 a.m. after an overnight fast. On
the first day the subject voided and then lay quietly in
bed with his head end inclined to a 450 angle. Most of
this first hour was occupied with psychological testing.
After 1 hour the subj ect stood beside the bed to void
the first urine sample. Immediately after this a Levin
tube was passed into the stomach and adjusted to as-
pirate freely.1 Twenty minutes later the collection of
gastric juice was begun. Six 10-minute "basal" samples
of gastric juice were collected, and at the end of this
period the patient again stood to void a second sample of
urine. Both urine collections are referred to as "basal"
samples. After the second voiding, 80 ml of peptone
broth was introduced into the stomach via the tube,
which was then clamped for 20 minutes. Following this
the stomach was emptied and 6 additional 10-minute
samples of gastric juice were obtained. At the end of
this period the bladder was again emptied. Histamine
diphosphate, 0.5 mg, was then administered subcutane-
ously and 6 more 10-minute samples of gastric juice
were collected. At the end of the hour a final collection
of urine was made.

On the second day of testing a similar routine was
followed. After the first 2 hours (during which 2 "basal"
urine samples and 1 "basal" gastric collection were ob-
tained) 12 units of regular insulin was injected intra-
venously. Thereafter, six 30-minute samples of gastric
juice were collected and the patient voided 1.5 and 3
hours after insulin administration. Blood sugar con-
centration was measured before the insulin was given
and at 30 and 60 minutes thereafter. Blood sugar con-
centration was reduced to below 50 mg per 100 ml in all
ulcer patients and in all but one control subject.

The volume of each sample of gastric juice was meas-

ured, the pH determined on a Beckman calomel-glass
electrode pH meter, the acidity titrated to pH 3.5 with
0.1 N NaOH by an electrometric method, and the

1 As nearly as can be determined from the hospital
records, only one of the ulcer patients and one control
subject had had a Levin tube passed before this experi-
ment.
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TABLE I

Experiment 1: Gastric secretion of ten ulcer patients and ten control subjects under basal conditions and after
stimulation with peptone broth, histamine, or insulin (means and standard errors)

Control subjects Volume pH Free acid Free acid Chloride Chloride

ml/hr mEqIL mEq/hr mEqIL mEq/hr
Basal (1st day) 55±9.9 3.2-5±0.79 23±6.9 1.0±0.3 110±8.2 6.241.3
Basal (2nd day) 52±12.2 3.73±0.82 15±4.4* 1.1i0.5 10446.9 5.5±1.2
Peptone 79±+14.4 2.71±i0.71 404 10.9 3.9±-1.3 119±7.9 9.0± 1.9
Histamine 104±17.0 2.16±0.63 59±12.2 7.4±1.7 124±9.0 14.0±2.4
Insulin 79±13.5 2.74+0.74 44±10.7 5.5±1.6 126±7.2 11.0±2.0

Ulcer patients

Basal (1st day) 52±6.5 3.02±0.53 15±5.0 1.0±0.4 99±8.7 5.3±t1.0
Basal (2nd day) 68+14.9 2.21±0.43 30±6.3* 2.7+0.9 115±3.5 7.9±1.7
Peptone 97±17.0 1.65±t0.21 50±7.5 5.5±1.4 120±5.4 11.9±t2.1
Histamine 134±18.5 1.23±0.06 77+7.0 11.1±2.0 134±4.0 18.3±2.7
Insulin 114±17.2 1.68±0.24 60±6.9 7.9±1.8 134±3.5 15.6±2.5

* The difference between the two groups with respect to free acid output during the "basal" period of the second day
was the only difference in Table I which reached the 0.10 level of significance using a two-tailed t test.

chloride concentration measured by the method of Wilson
and Ball (2).

Immediately after collection, the volume of each urine
sample was measured and the entire specimen acidified to
pH 2 to 3 with 6 N hydrochloric acid. These samples
were then frozen and stored for later analysis. The
determination of epinephrine and norepinephrine in these
urine samples was made by DuToit's modification of the
fluorometric method of von Euler and Floding, ion
exchange resin for purification being utilized (3). The
sensitivity, reproducibility and other factors pertaining
to the use of this method are discussed at length in
DuToit's report (3). Most of the measurements re-

ported below were made in his laboratory.
Second experiment. Ten male control subjects, with-

out history of duodenal ulcer, were matched with 11
male ulcer patients with respect to age and general level
of physical activity. None of these ulcer or control
subjects had been used in the first experiment. All but
one of the ulcer patients had active ulcers at the time of
testing. Four of the control subjects and 7 of the ulcer

subjects were hospitalized; all 4 of the former and 3 of
the latter were tested the day following their admission to
the hospital.

Each subj ect collected a 12-hour urine sample from
7 a.m. to 7 p.m. while carrying out his regular day's
work or other activities. The hospitalized subjects were

up and about the ward for the entire 12-hour period.
Among the nonhospitalized dontrol subj ects were 3
plumbers, 1 electrician, 1 animal farm worker and 1
hospital administrator. The nonhospitalized ulcer pa-

tients included 1 auto mechanic, 2 salesmen and 1 elec-
trician. Between 7 p.m. and 7 a.m. of the same day,
each subject remained flat in bed except to stand while
voiding. The urine collected during this second period
is referred to as the night sample; that collected during
the preceding 12 hours is called the day sample.

RESULTS

First experiment. Although the mean volume
and titratable acidity of gastric juice were higher,

TABLE II

Experiment 1: Epinephrine and norepinephrine excretion in urine by ten ulcer patients and ten control subjects
(micrograms per hour)

After stimulation

'Basal" Peptone Histamine Insulin (0-90 min) Insulin (90-180 min)

E N E N E N E N E N

Control subjects
Mean 0.50 2.38 0.63 2.39 0.37 2.45 3.18 3.12 2.49 2.53
SE 0.09 0.36 0.26 0.40 0.10 0.51 1.00 0.60 0.64 0.53

Ulcer patients
Mean 0.32 1.31 0.33 0.85 0.68 2.40 2.36 1.48 0.88 1.22
SE 0.06 0.20 0.08 0.31 0.41 0.83 0.30 0.23 0.24 0.28

t Value 1.65 2.60 1.09 3.05 0.73 0.05 0.78 2.55 2.34 2.18

Probability NS* 0.02 NS 0.01 NS NS NS 0.05 0.05 0.05

* Not significant.
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FIG. 1. URINARY NOREPINEPHRINE EXCRETION BY TEN

DUODENALULCER PATIENTS AND EIGHT CONTROLSUBJECTS

DURING BASAL PERIODS AND SUBSEQUENTSTIMULATION BY

INSULIN HYPOGLYCEMIA. Two control subj ects were

unable to void 90 minutes after injection of insulin.

and the pH lower, for the ulcer patients than for
the control subjects, the variation was great and
only one (basal free acid) of the differences be-
tween the two groups reached the 0.10 level of
significance with a two-tailed t test (Table I).

Urinary excretion of free catechol amines was

lower in ulcer patients than in control subjects.
The difference between the two groups with re-

spect to excretory rate of norepinephrine during
the basal periods reached the 0.02 level of signifi-
cance; that for epinephrine was not significant at
the 0.10 level. During subsequent periods of stim-
ulation of gastric secretion with peptone broth or

insulin, the mean norepinephrine output of the
ulcer patients was significantly lower than that of
the control subjects. During the second 90-minute
period after stimulation with insulin, the ulcer

subjects had significantly lower mean epinephrine
excretions than did the control subjects. The

mean figures and results of the statistical evalu-
ations are given in Table II.

A point which should be stressed is that the

comparisons between basal catechol amine out-

put of ulcer and control subjects (reported in
Table II) are not based on single samples; they
are based on four separate samples combined.
This multiple sampling technique was used to

minimize the influence of chance factors, associ-

ated with changes in the test environment, which
might influence the catechol output. In addition
to the comparisons based on the four basal samples
combined, comparisons between ulcer and con-
trol subj ects were made for each of the four sam-
ples (Day 1-Hour 1, Day 1-Hour 2, Day 2-Hour
1, and Day 2-Hour 2) considered separately. In
all four comparisons the norepinephrine output
of the ulcer subjects was found to be significantly
lower than that of the control subjects; three of
the comparisons were significant at the 0.05 level
and one at the 0.10 level using a two-tailed test.
Three of the four comparisons based on the basal
epinephrine data indicated lower epinephrine out-
put in ulcer than in control subjects, but only
one of those comparisons was significant at the
0.1 0 level.

The ulcer patients and control subjects were
found to differ in response to stimulation by hypo-
glycemia during the first 90 minutes. As is seen
in Figure 1, the ulcer patients, considered as a
group, had lower norepinephrine excretory rates
before injection of insulin than did the control
subjects. During the first 90 minutes after in-
jection the difference between the two groups was
even more pronounced. The difference in mean
response of the two groups was significant at the
0.10 level.

The gastric secretory data were examined in
relation to the catechol data to determine whether
the two were correlated. In general, they were
found not to be significantly correlated. For ex-
ample, the change in gastric output due to hista-
mine stimulation was not correlated with the
change in norepinephrine output due to histamine.

TABLE III

Experiment 2: Epinephrine and norepinephrine excretion in
urine by eleven ulcer patients and ten control subjects

(micrograms per hour)

Day sample Night sample

E N E N

Control subjects
Mean 0.39 1.82 0.17 1.10
SE 0.10 0.15 0.05 0.10

Ulcer patients
Mean 0.23 1.87 0.11 0.66
SE 0.06 0.22 0.03 0.09

t Value 1.31 0.20 1.02 3.36

Probability NS NS NS 0.01
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Second experiment. During the night the 11
ulcer patients had lower catechol output than did
the 10 control subjects. As is seen in Table III
the difference between the two groups, with re-
spect to norepinephrine output, reached the 0.01
level of significance with a two-tailed t test; the
difference with respect to epinephrine was not
significant at the 0.10 level. During the day the
ulcer patients, considered as a group, were not
significantly different from the control subjects
with regard to either norepinephrine or epineph-
rine excretion.

DISCUSSION

Catechol excretion and urine volume. The
findings of major concern in this report are that
ulcer subjects had lower mean norepinephrine
output than did control subjects under basal con-
ditions, after stimulation with peptone or insulin
(Experiment 1) and at night (Experiment 2).
The possibility was considered that these find-
ings might have been influenced by a correlation
between output of norepinephrine and urine or by
a lower urine volume in ulcer than in control sub-
jects. Analyses using the Spearman rank cor-
relation statistic (4) revealed low positive corre-
lations between output of norepinephrine and
urine in Experiment 1 under basal conditions
(p = + 0.25), after stimulation with peptone
(p = + 0.32) and after stimulation with insulin
(p = + 0.18); in Experiment 2 the correlations
were low and negative at night (p = - 0.09) and
during the day (p = - 0.25). None of these
correlations reached the 0.10 level of significance
using a two-tailed test and all were too small to
be considered consequential.

The mean urine volume of ulcer subjects was
found to be lower than that of control subjects in
Experiment 1 under basal conditions and after
stimulation both with peptone and insulin; how-
ever, the only difference which reached the 0.10
level of significance occurred after stimulation with
peptone broth. In Experiment 2 the mean urine
volume of ulcer subjects was higher than that
of the control subjects both at night and during
the day. The difference in the case of the day
samples was significant at the 0.05 level; that for
the night samples was not significant at the 0.10
level. Because the ulcer subjects in Experi-

ment 1 were found to have lower volumes of urine
output than did the control subjects, additional
analyses were carried out based on an index of
catechol output divided by urine volume. These
analyses indicated that the ulcer subjects tended
to excrete less norepinephrine per unit of urine
than did control subjects under all conditions in
both experiments; the differences were statistically
significant, however, only after stimulation with
insulin in Experiment 1 and during accumulation
of night samples in Experiment 2.

Environmental factors. In the first experiment
the catechol collections were made under a va-
riety of conditions which might have influenced
catechol output. For example, the subjects were
given psychological tests during accumulation of
the first hour basal samples and were intubated
during accumulation of the second hour basal
samples. Analyses failed to reveal any significant
differences between Hour 1 and Hour 2 catechol
output either on Day 1 or Day 2 for either ulcer
or control subjects.

The possibility of a "novelty" or "first-time"
effect in Experiment 1 was examined in two ways.
First, the catechol output of the first experimental
day was compared with that of the second.
These analyses revealed no difference between
Day 1 and Day 2 with respect to norepinephrine
excretion but indicated a significantly greater
mean epinephrine output on the first than on the
second day, both for the ulcer and control groups.
Secondly, the catechol output of the first hour
of the first experimental day was compared with
the mean of the other three basal samples. Both
ulcer and control subjects showed no significant
difference with respect to rate of norepinephrine
output but had significantly higher epinephrine
rates during the first than during the subsequent
three basal periods; in addition both groups
showed lower urine volumes during the first
basal period than during the subsequent basal pe-
riods. The question to be considered is whether
these indications of a "first-time" effect militate
against the conclusion that ulcer subjects have
lower norepinephrine excretory rates than do
control subjects. Two facts suggest that the
answer is negative. In the first experiment the
norepineprhine output of ulcer subjects was found
to be significantly lower than that of control sub-
jects during the last three basal periods as well
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as during the first; in the second experiment it
was the second 12-hour sample (night) rather
than the first (day sample) which showed a sig-
nificant difference between norepinephrine output
of ulcer and of control subjects.

Reproducibility of catechol data in Experimnent
1. Spearman correlation coefficients (4) were
computed to assess the similarity of the Hour 1
and Hour 2 catechol data. The results indicated
good reproducibility in the case of norepinephrine
(p values were + 0.70, + 0.58, + 0.69 and + 0.84)
but poor reproducibility in the case of epinephrine
(p values were - 0.02, + 0.52, - 0.21 and
- 0.01). To determine the reproducibility of the
catechol data on two different days, the Hour 1
and Hour 2 data of Day 1 were summed and cor-
related with the summed data of Day 2. It was
found that the control subjects had good repro-
ducibility both with respect to epinephrine (p =

+ 0.67) and norepinephrine (p = + 0.60) but
that the ulcer subjects had poor reproducibility
both with respect to epinephrine (p = + 0.08)
and norepinephrine (p = + 0.13).

General comments. The most important con-
clusion arising from the investigations presented
above is that ulcer patients have lower norepineph-
rine excretion than do individuals without ulcers;
significant differences were found under "basal"
conditions during the day, at rest during the
night, and after stimulation with peptone broth
or insulin. There were suggestions that the ulcer
subjects might also be lower than control sub-
jects with respect to epinephrine output but most
of the comparisons were not statistically signifi-
cant. Whether this nonsignificance was due to
the generally low reliability (reproducibility) of
the epinephrine data or due to a genuine absence
of difference between ulcer and control subjects
with respect to epinephrine output, cannot be de-
termined on the basis of the present data.

Although there is substantial evidence of a close
correlation between urinary excretion of catechol
amine and sympathetic activity (5), it does not
seem justifiable to assume that the low norepi-
nephrine output of the ulcer patients is an in-
disputable in-dication of low sympathetic activity.
Some metabolic difference, such as activity of de-
aminating enzyme systems or other hormone ef-
fects, could conceivably result in lower free cate-

chol amine excretion in the urine of ulcer patients.

However, pending some definite evidence of such
mechanisms, the assumption that low catechol
amine output in urine of ulcer patients is indica-
tive of low sympathetic activity seems warranted
and perhaps helpful in expanding our approach
to the problems of control of gastric secretion and
duodenal ulceration. It is not proposed that low
sympathetic activity is the only disturbance of
autonomic function underlying the ulcer diathesis
but rather than this is one aspect of a complex
central nervous system dysfunction, probably in-
volving the hypothalamus and associated reflex
centers.

SUMMARY

Two experiments were conducted comparing
urinary free catechol amine excretion of male
ulcer patients and normal control subjects. In
the first experiment urine and gastric secretory
collections were made before and after adminis-
tration of peptone broth, histamine, and insulin.
Urinary excretion of epinephrine and norepineph-
rine was lower in ulcer patients than in control
subjects under "basal" conditions and after stimu-
lation with peptone broth and insulin; all differ-
ences with respect to norepinephrine output were
significant at the 0.05 level or better. The ulcer
patients had higher volume, higher titratable
acidity of gastric juice and lower pH than did the
control subjects, but most comparisons were not
significant at the 0.10 level. The increased out-
put of norepinperhine due to insulin hypoglycemia
was greater (p = 0.10 level) in the control sub-
jects than in those with ulcers. In general,
changes in gastric secretion were not found to be
correlated with changes in catechol output.

In the second experiment a different group of
ulcer patients and normal controls collected day
and night urine samples. The epinephrine and
norepinephrine output of ulcer patients and con-
trol subjects did not differ significantly during
the day. The night urine samples of ulcer pa-
tients contained significantly less norepinephrine
(p = 0.01) than those of the control subjects.

Analyses based on an index of catechol output
divided by urine volume indicated that the ulcer
subjects tended to excrete less norepinephrine per
unit of urine than did control stubjects under all
conditions in both experiments; the differences
were statistically significant, however, only after
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stimulation with insulin in Experiment 1 and
during accunmuilation of night samples in Experi-
ment 2.
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