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Gastric acid secretion and mucosal appearances in
Addison's disease and hypopituitarism
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SYNOPSIS Studies of gastric acid secretion and mucosal appearances have been made in a group

of 14 patients suffering from hypopituitarism. Achlorhydria was found in six of the patients suffering
from Addison's disease but in only one patient suffering from hypopituitarism. In both groups

the mean gastric secretion of hydrochloric acid was considerably lower than in a group of control
subjects and replacement therapy with cortisone and DOCA in Addison's disease and cortisone
and thyroid extract in hypopituitarism failed to restore gastric function to normal. A constant
correlation was not found between gastric acid secretion and mucosal appearances.

Since Grawitz (1907) reported that the gastric acid
secretion in Addison's disease was depressed various
other workers have found achlorhydria in approxi-
mately half of such patients (Rowntree and Snell,
1931; Sorkin, 1949; Soffer, 1956). Card and Sircus
(1958) pointed out, however, that no consistent
changes in gastric acid secretion had been observed
in Addison's disease using the augmented histamine
secretion test (Kay, 1953). Hypochlorhydria or
achlorhydria is also said to be a feature of hypo-
pituitarism (Escamilla and Lisser, 1942; Soffer, 1956),
and Card and Sircus (1958) have reported one patient
suffering from hypopituitarism who had achlor-
hydria in response to the maximal histamine secretion
test and another in whom the output of hydrochloric
acid did not rise after histamine stimulation.

Feyrter and Klima (1952) noted that achlorhydria
in Addison's disease may be associated with exten-
sive gastric atrophy but apart from this observation
very few studies have been made of the histology of
the gastric mucosa in this disease or in hypopitui-
tarism. Animal investigations, however, suggest that
in such conditions the gastric mucous membrane
undergoes atrophy and that there may be a diminu-
tion in the number of parietal cells. Haeger,
Jacobsohn, and Kahlson (1953) found atrophy of
the gastric mucosa in cats after removal of either
the pituitary or the adrenals and concluded that the
maintenance of the mucosa was a function of the
pituitary gland and that this was dependent at least
partially on the adrenal glands. Other workers state
that in adrenalectomized (Baker and Bridgman,
1954) or hypophysectomized (Baker and Abrams,
6 1

1954) rats the zymogenic cells of the gastric mucosa
are reduced in size and degranulated but there is
relatively little structural change in the parietal cells.
Friedman (1953), on the other hand, found that the
parietal cell count was reduced by 50% in the gastric
mucosa of rats that had been subjected to hypo-
physectomy.
Card and Marks (1960), using the modified

augmented histamine secretion test (Kay, 1953;
Card and Sircus, 1958), have shown that the output
of hydrochloric acid by the stomach can be related
to the parietal cell mass. Most of the previous
reports on gastric secretion in Addison's disease and
hypopituitarism have been based on less reliable and
less exact methods. In view of this and because of
the paucity of reports on gastric histology in these
patients, it was decided to reinvestigate the question
of gastric secretion by means of the augmented
histamine secretion test and to correlate the results
with the appearances of the gastric mucosa obtained
by peroral biopsy.

MATERIALS AND METHODS

Fourteen patients suffering from Addison's disease, with
an average age of 43 years, and 10 patients suffering
from hypopituitarism with an average age of 52 years,
were included in the study and they represented a succes-
sive series of patients who presented for admission to
hospital or review at the endocrine clinic. These patients
all had the classical features of Addison's disease or
hypopituitarism and the diagnosis was confirmed by the
usual laboratory investigations which included, when
necessary, the measurement of urinary ketosteroids and
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ketogenic steroids, a glucose tolerance test, an insulin
sensitivity test, radioactive iodine studies, and an
A.C.T.H. stimulation test. In the 14 Addisonian patients
the disease was considered to be of tuberculous origin in
six (Table I, Cases 3, 4, 5, 7, 9, and 11) and of the idio-
pathic variety in the remaining eight. Three were un-
treated or had received treatment for only a few days;
the remaining 11 had received replacement therapy in
the form of cortisone for periods varying from four to
seven years and all except Case 6 (Table I) had received
DOCA in addition, often for much longer periods.

All of the patients suffering from hypopituitarism were
women. The disease followed surgical removal of a
chromophobe adenoma from the pituitary in three
(Table II, Cases 2, 3, and 6) but was considered to be
consequent upon postpartum haemorrhage in five of the
remaining seven patients (Cases 1, 4, 5, 7, and 10). In
two (Cases 8 and 9), there was no obvious cause. Three
of the 10 patients were untreated at the time of investi-
gation but the remaining seven had received cortisone
for periods varying from six months to eight years,
supplemented by thyroid extract in most cases.

In each case the modified histamine secretion test
(Kay, 1953; Card and Sircus, 1958) was carried out.
After histamine stimulaticn the gastric juice was collected
by continuous suction for the next hour and achlorhydria
was considered to be present when the pH did not fall
below 6. Gastric biopsies were performed with a Wood's
gastric biopsy tube or the biopsy capsule of Crosby and
Kugler (1957). The tip of the instrument was positioned
in the body of the stomach under fluoroscopic control in
every instance except one (Table II, Case 10).

RESULTS

GASTRIC SECRETION IN ADDISON S DISEASE The
relevant clinical and laboratory data are shown in
Table I. Achlorhydria was found in five of the 14
patients and in one further patient (Case 5) no acid
was found by titration but the pH fell to 5.5. The
average secretion of hydrochloric acid in the post-

histamine hour was 5 mEq. for the whole group
(5.9 mEq. for men and 3-5 mEq. for women). The
treated group had an average output of 3-1 mEq. of
hydrochloric acid in the post-histamine hour. The
untreated group contained only three representatives,
but it is of interest to note that it included the patient
with the highest secretion of all.

GASTRIC SECRETION IN HYPOPITUITARISM Details of
the cases are shown in Table IL. There was only one
instance of complete achlorhydria. This patient was
re-examined after six months' treatment with corti-
sone and achlorhydria was still present. The average
output of hydrochloric acid in the post-histamine
hour for the whole group was 6.6 mEq.

The mean values for gastric acid secretion in the
group of patients suffering from Addison's disease
and the group suffering from hypopituitarism are
shown in Table III. It will be seen that in both groups
the figures are considerably lower than those
obtained from control subjects (Card and Sircus,
1960). In neither group was there any obvious
correlation between the duration of the disease or
the duration of treatment and the changes in acid
secretion.

GASTRIC BIOPSIES Specimens were obtained from
12 patients with Addison's disease and from nine
patients with hypopituitarism. They were fixed in
corrosive-formol and stained with haematoxylin and
eosin, also by Zimmermann's method for the
differential staining of gastric mucosa, as modified
by Marks and Drysdale (1957).

Addison's disease Eight of the 12 patients had
abnormal gastric mucosa. In one patient (Case 1)
there was glandular atrophy, viz., complete absence
of body glands and isolated parietal cells, but no

BLE I
ADDISON'S DISEASE

Case Age Sex Duration of Duration of Treatment
Disease (years)
(years)

Cortisone DOCA

Maximal Histamine
Response (mEq. in
post-histamine
hour)

Gastric Biopsy Findlings

Atrophy
Chronic gastritis and partial glandular atrophy
Normal
Not done
Chronic gastritis and partial glandular atrophy
Chronic atrophic gastritis
Chronic gastritis and partial glandular atrophy
Normal
Chronic gastritis and partial glandular atrophy
Chronic gastritis and partial glandular atrophy
Normal
Chronic atrophic gastritis
Not done
Normal
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2
3
4
5
6
7
8
9
10
11
12
13
14

30
60
60
38
40
53
38
17
38
46
41
57
42
40

M
M
m
m

M
M

F
F
F
F

141
9
121
10k
10k
4k
5
0

15
16
8
7
4

7
6k
7
7
7
4
4
0
0
5
5k
7
4
0

14
8

12
10
10
0
4
0
0
13
16
7
6k
0

0
0-2
0
12-2
0 (pH 55)
0
12-8
27.5
04
0
5.3
0
3.5
8-7
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TABLE II
HYPOPITUITARISM

Case Age Sex Duration Duration of Treatment
of Disease (years)
(years)

Cortisone Thyroid

Maximal Histamine Response
(mEq. HCI in post-histamine
hour)

Gastric Biopsy Findings

2
3
4
5
6
7
8

55
56
42
47
50
63
42
62

F
F
F
F
F
F
F
F

9 53 F
10 45 F

23
31
13
16
22
11
19j
20

24
21

3
3
3
4
7
8
5
0
1
0
0

7
0
3
2
61
8
5
0
0
0
0

6.1
6-2
9
3.7
142
144
18
0
0
2-9
7.5

Normal
Failed
Normal
Atrophy
Normal
Normal
Normal
Partial atrophy
Not repeated
Normal
Atrophy

TABLE 111
ACID SECRETORY RESPONSE IN PATIENTS SUFFERING FROM ADDISON'S DISEASE OR HYPOPITUITARISM COMPARED WITH

NORMAL SUBJECTS

Mean Males
Age

No. of Maximal Histamine
Patients Response (mEq. HCI in

post-histamine hour)

Range Mean

Mean Females
Age

No. of Maximal Histamine
Patients Response (mEq. HCI in

post-histamine hour)

Range Mean

Addison's disease 42
Hypopituitarism
Normals (Card and Sircus, 1960) -

9

29

0-27-5 5.9 45
- - 52
101-41*5 22-65 -

5
10
28

0-8-7 3.5
0-14-4 6-6
6-2-34-6 17-2

STATISTICAL ANALY'

Normals
Addison's disease
Hypopituitarism

STATISTICAL ANALY'

Normals-Addison's disea
Males
Females

Normals-hypopituitarisn
Females

inflammatory signs,
and 12) the appei
atrophic gastritis, v

of mild to moderate
atrophy. In five pal

TABLE IV chronic gastritis was present with only slight
SIS OF ACID SECRETORY RESPONSE glandular atrophy; the mucosa in these patients con-

tained body glands and parietal cells were generally
Makes Females conspicuous; the inflammatory signs were mild to
No. Mean±SD No. Mean ±SD moderate except in one patient where they were

29 2411±1 53 28 17.20±1.36 fairly severe; in two patients (Cases 2 and 4), mitotic
9 590±3.24 5 3 30±1.65 figures were conspicuous in the necks of the glands,

11 598±152 a feature indicating active regeneration. Intestinal
metaplasia was present in only one of the eight

TABLE V patients (Case 6) with an abnormal gastric mucosa.
In the remaining four patients, the gastric mucosa
had a normal histological structure. Body glands

Difference Degrees t p were numerous and regularly arranged and no
of inflammatory signs were present. It is of considerableFreedom

interest, however, that one of these patients (Case 3)
1821 36 556 001 had achlorhydria.
13.70 31 4.11 < 001 Hypopituitarism In three patients, the gastric

mucosa was abnormal while in the other six patients
11-22 37 4-70 <-001 it was normal.

In two patients (Cases 4 and 10) the histological
appearances were those of complete gastric atrophy,

while in two others (Cases 6 the mucosa being thin and containing only glands of
arances were those of chronic pyloric type; parietal cells were absent and there were
viz., chronic inflammatory signs no inflammatory signs. Intestinal metaplasia was
c degree in addition to glandular also absent. In another patient (Case 8), there was
tients (Cases 2, 5, 7, 9, and 10) partial gastric atrophy.
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DISCUSSION

This study has confirmed the previous observations
of diminished gastric secretion of hydrochloric acid
in Addison's disease and hypopituitarism, and it has
shown that the high incidence of achlorhydria is
frequently associated with atrophic and inflam-
matory changes in the gastric mucosa, particularly
the former. In most cases there was good correlation
between the degree of pathological change and the
level ofacid secretion but there were some exceptions,
and it is of particular interest that in one case of
Addison's disease (Table 1, Case 3) complete achlor-
hydria was associated with a normal gastric biopsy.
This finding is not entirely unexpected since it is
reasonable to assume that gastric secretion is
governed not only by size of the parietal cell mass,
but also by the reactivity of the parietal cells present
and the level of circulating blood hormones.
These functional and structural changes were

found more commonly in Addison's disease than in
hypopituitarism and this may be a reflection of the
relatively greater depression of adrenal function
which usually occurs in the former condition. One
case only of achlorhydria in hypopituitarism was
noted and this persisted after six months' therapy
with cortisone. It is, of course, possible that a
higher percentage of patients suffering from hypo-
pituitarism in this present investigation would have
been achlorhydric had all 10 patients been untreated,
but it is significant in this respect that the mean
gastric secretion of the whole group was considerably
lower than that for control subjects. Spence and
Witts (1939) and Kyle (1955), however, have each
described a case of hypopituitarism with achlor-
hydria and gastric atrophy, as judged through a
gastroscope in which there was a response to treat-
ment. The first patient was treated with an extract of
pig pituitary gland and human urine of pregnancy
and the second with cortisone and thyroid extract;
in both cases the gastric secretion and gastroscopic
appearances returned to normal.

Despite therapy with cortisone for four years or
more, six of the 14 patients with Addison's disease
in the present series remained achlorhydric. Soffer
(1956) related the presence of achlorhydria or
hypochlorhydria in Addison's disease to the clinical
status of the patient and concluded that the distur-
bance was one of body fluids and electrolytes which
was reversible. It has been shown, moreover, that
cortisone administration to normal individuals
increases greatly the secretion of hydrochloric acid
(Gray, Benson, Spiro, and Reifenstein, 1951);
Kirsner, Klotz, and Palmer, 1952) and that there is a
diminished excretion of uropepsin in Addison's
disease which returns to normal or higher than

normal with glucocorticoid replacement therapy
(Gray, 1959). Stempien and Dagradi (1954) reported
one patient with adrenal insufficiency and normal
gastroscopic appearances whose gastric acid 3ecre-
tion was markedly impaired on histamine stimulation
which rapidly improved following treatment with
cortisone, and Welbourn and Code (1953) demon-
strated that prior adrenalectomy of pylorus-ligated
rats produced a significant decrease of gastric acid
secretion which was restored to normal with cortisone
therapy. Such reports have led to the formulation of
the 'permissive' theory by Krakauer, Ramsey, and
Gray (1955) which suggests that the adrenal corticoid
hormones play a permissive role so that in the
presence of excess adrenal hormones the stomach or
duodenum may be sensitized to respond by secretory
hyperactivity and/or ulceration to stimuli which
would normally be innocuous.
The failure of cortisone to restore the acid

secretion in six of our patients with Addison's
disease and one with hypopituitarism may indicate
that in humans some factor or factors other than
DOCA in Addison's disease and thyroid extract in
hypopituitarism is required for full replacement
therapy or that the gastric mucosa had undergone
irreversible change before treatment began. It should
be noted, however, that in Cases 6 and 12 (Table I),
where treatment was begun within a matter of
months after;the development of symptoms, there
was no return of gastric acid secretion on maximal
histamine stimulation.

MWe wish to thank Sir Derrick Dunlop for permission to
investigate these patients, and we are very grateful to
Dr. W. I. Card and Di. W. Sircus for their generous help
in supplying figures of normal gastric secretion levels.
Dr. Barnet Woolf gave generous help with the statistical
analysis.
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