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Effect of indomethacin on basal and histamine
stimulated human gastric acid secretion
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SUMMARY The effect of acute administration of indomethacin over 24 hours on basal and
histamine stimulated gastric acid secretion was evaluated in seven normal male volunteers.
Augmented histamine tests (0.015 mg/kg/h) infused with the antihistamine diphenhydramine
hydrochloride (25 mg/h) were performed before and after pretreatment with indomethacin or
matching placebo capsules. The dose of indomethacin was 75 mg (sustained release capsules)
taken 12 and 24 hours before and 50 mg taken one hour before a two hour histamine infusion test.
Indomethacin enhanced basal gastric secretion from 3*5±0-5 to 6-4±0-6 mmol/h (p<0.01) and
histamine stimulated secretion from 48±6 to 62±5 mmol/2 h (p<005). Indomethacin
significantly inhibited systemic prostaglandin biosynthesis as measured by urinary excretion
(87±12 vs 41±6 ng PGE/g creatinine/h) and the drug increased platelet aggregation time two,
five, and six fold, respectively, induced by ADP, collagen, and adrenaline. The data indicate that
therapeutic doses of indomethacin augmented basal and secretagogue stimulated gastric acid
secretion in control subjects. The enhancement of gastric acid secretion by indomethacin may be
because of reduced levels of endogenous prostaglandins. Diminished prostaglandin biosynthesis
may play a role in indomethacin induced gastric mucosal damage observed in patients receiving
the drug.

Indomethacin, a potent inhibitor of prostaglandin
biosynthesis, induces the development of gastric
ulcers in animals and possibly gastric and duodenal
ulceration in man. The pathogenesis of indo-
methacin induced gastric mucosal lesions is unclear,
but gastric acid may be necessary. 1-4 The effects of
indomethacin on gastric secretion in animals and
man remain controversial. Indomethacin induced
gastric lesions are inhibited by pretreatment with
antacids, anticholinergics, and by vagotomy.1-4
Histamine H2 receptor antagonists have been
reported to both inhibit2 3 or not prevent gastric
lesions due to indomethacin.5 In patients and
volunteer subects, indomethacin has been reported
to increase,4 decrease,1t or produce no change in
stimulated gastric acid secretion." These studies in
man were all reported over a decade ago and,
unfortunately, prostaglandin measurements were
not performed so that the pathogenesis of the
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alterations or lack of alteration in gastric acid
secretion after indomethacin therapy was predicted
only from the knowledge of the inhibitory effect of
the drug on prostaglandin biosynthesis.
We undertook this study to evaluate the effect of

indomethacin on basal and histamine stimulated
gastric acid secretion in normal subjects. We used
therapeutic concentrations of the drug and
documented inhibition of systemic endogenous
prostaglandin levels in the biological fluids of these
control subjects. We found that indomethacin
increased both basal and stimulated gastric acid
secretion attributable to the drug.

Methods

SUBJECTS
Seven men, mean age 26-7 years (range 18-36 years)
and mean weight 69.8 kg (range 36-90 kg) were
studied. They were randomly chosen from a group
of medical and graduate students. None had any
history suggestive of peptic ulcer disease and all
were considered healthy based on a physical
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examination, ECG, and a laboratory screen. This
investigation was approved on 15 March 1982 by the
Institutional Review Board for the Protection of
Human Subjects of the State University Hospital,
Upstate Medical Center, and informed written
consent was obtained from all subjects.

INDOMETHACIN AND PLACEBO ADMINISTRATION
Indomethacin was administered with meals at 12
and 24 hours before the secretory study in the form
of a single 75 mg slow release preparation of
indomethacin through an osmotic module release
system (Indocin SR, Lot No H5282, Merck Sharp &
Dohme, West Point, PA, USA). This capsule allows
indomethacin to be released slowly at 6-9 mg/h.
This dose was chosen because it is a commonly used
regimen for patients with rheumatoid arthritis and
provides therapeutic blood levels. A standard 50 mg
capsule was also administered (Indocin, Lot No
E6210, Merck Sharp & Dohme, West Point, PA,
USA) one hour before nasogastric intubation and
the onset of the basal secretory study. Matching
placebo capsules were given at the same designated
times as indomethacin administration in a
randomised, double blind, crossover design. The
placebo study was done first in four of seven
volunteers. The time interval elapsed between drug
and placebo studies ranged from three to six days.

MEASUREMENT OF GASTRIC SECRETION
Gastric secretion was measured by standard gastric
analysis as previously described. After an over-
night fast, the subjects were intubated with a
number 16 French nasogastric tube and the tip was
adjusted so as to lie in the most dependent portion
of the stomach. This position was confirmed fluoro-
scopically and adequacy of collection was further
substantiated by the subsequent recovery after two
minutes of at least 80% of an injected volume of
water. With the subject lying semi-reclining on the
left side, aspiration was performed by intermittent
manual suction. Salivary secretions were removed
by suction.

After the stomach was emptied, a saline infusion
commenced and basal secretion was collected on ice
for four consecutive 15 minute periods. Gastric
secretion was then stimulated by a maximal dose of
histamine acid phosphate (Eli Lilly and Co), 0-015
mg/kg/h of the base infused intravenously at a
constant rate by means of a Harvard pump (Harvard
Apparatus Company Inc, Millis, MA, USA). The
secretagogue, histamine, rather than gastrin was
used as most of the previous studies showing an
effect of indomethacin on acid secretion used
histamine stimulation, and because our preliminary
data in isolated rabbit gastric glands showed

enhancement of histamine stimulated acid
production by indomethacin (unpublished results).
The augmented histamine test was carried out for
two hours. The antihistamine diphenhydramine
hydrochloride (25 mg/h) was also infused intra-
venously. Gastric secretion was collected con-
tinuously for two hours after the initiation of
histamine stimulation and separated into 15 minute
collections. Gastric samples were analysed for
volume, pH, and titratible acidity. Gastric acid was
titrated with O-1N sodium hydroxide to pH 7-0 with
a pH meter (Beckman Instruments Inc, Fullerton,
CA, USA). The gastric juice was subjectively
evaluated for the presence of blood, bile, and
mucus.
During the study, subjects were questioned

before, during, and after study to determine the
possible onset of side effects.

PROSTAGLANDIN SYNTHESIS
Urine was collected for one hour after ingestion of
the 50 mg indomethacin capsule. Samples of blood
were taken for platelet aggregation studies at the
end of the one hour basal period just before
histamine stimulation. Immunoreactive urinary
prostaglandins ,PGE) were analysed by radio-
immunoassay,'3 4 with minor modifications of the
methods by Mr Paul Huebner. Platelet aggregation
of ADP, collagen, and adrenaline were determined
by the method of Sagel et al.'5 A Chronolog model
330 single channel aggregometer was used. The
aggregating solutions were 0.046 mM ADP (Sigma
Chemical Company), collagen (Sigma Chemical
Company), and 0.1 mM adrenaline (Park-Davis).
The collagen was prepared by adding 4 g of collagen
to 100 ml normal saline, ground for 30 minutes and
centrifuged at 3000 rpm.

STATI STICS
Calculated secretory measurements after
administration of indomethacin for one hour basal
or two hours histamine stimulation periods were
compared with those obtained after placebo
administration. All data were analysed by using
Student's t test for paired comparisons (each subject
his own control). Data are expressed as
mean ± SEM.

Results

Gastric secretory studies showed a significant
increase in the unstimulated one hour collection of
acid secretion after indomethacin pretreatment
(Fig. 1). Basal pH decreased from 2.1±0.05 to
1-9±0-08 (p<0.05). Basal volume increased from
99*5±14-2 mg/h to 119-5±21-1 ml/h.
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Fig. 1 Effectofplacebo (-I) and indomethacin (+I) on

one hour basal acid output (n= 7). Indomethacin
significantly increased basal acid output (p<OOI).

Histamine stimulation after indomethacin
administration induced a significant increase in acid
secretion whether expressed as peak acid output,
maximal output, or as two hours output, as shown in
Fig. 2. There was minimal variation during the eight
15 minute collection periods. After histamine
stimulation, pH increased from 1*59±002 to
1*50±0 05 (p<005) and volume output increased
from 395-5±50A4 ml/2 h to 441*7±47-9 ml/2 h
(p<OOl).
The results of urinary prostaglandins and platelet

aggregation are shown in Table 1. Indomethacin
pretreatment significantly inhibited both urinary E
prostaglandins and augmented platelet aggregation
induced by ADP, collagen, and adrenaline.
No subjects complained of any deleterious side

effects before, during, or after placebo or indo-
methacin pretreatment or during the augmented
histamine test.

Discussion

Exogenous prostaglandins have been shown to

Fig. 2 Effect ofplacebo (-I) and indomethacin (+I) on

two hour histamine stimulated gastric acid secretion (n= 7).
Indomethacin significantly increased stimulated gastric acid
output (p<O0O5).

Table 1 Effects ofindomethacin on urinary
prostaglandins (PGE) and platelet aggregation in seven
healthy subjects

Urinary prostaglandins (ng PGE/g creatininelh)

-I +1

87±12 41±6 (p<001)

Platelet aggregation (sec)

ADP Collagen Adrenaline

-_ +1 -J +1 -I +1

112*5 2519 494 3125 620 4928
+29 8 ±505 ±22.3 ±665 ±42 6 ±108 0

(p<O.O5) (p<0025) (p<001)

-I=placebo pretreatment; +I=indomethacin pretreatment.
Values are mean ± SEM. Statistical significance shown as p values.
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inhibit basal and stimulated acid secretion in man
and animals. This is the first double blind controlled
trial in man correlating the action of indomethacin
on gastric acid secretion with diminished prosta-
glandin synthesis in human biological fluids. We
have shown that therapeutic doses of indomethacin
enhanced basal and histamine stimulated gastric
secretion in normal volunteers, probably by
inhibiting systemic prostaglandin biosynthesis.

Previous studies performed in normal subjects
and patients with rheumatoid arthritis have
generated conflicting data (Table 2). Moreover, no
prostaglandin measurements were carried out in any
of these studies. The dose and duration of indo-
methacin administered in these studies is shown in
Table 2.

It is possible that indomethacin enhances
histamine stimulated acid output by directly
decreasing endogenous prostaglandin levels in
gastric mucosa. Skoglund et al 16 previously
documented that indomethacin inhibited prosta-
glandin synthesis in isolated canine parietal cells and
showed that pretreatment with 100 AM indo-
methacin abolished the inhibitory effects of the
prostaglandin precursor, arachidonic acid, on

histamine stimulated acid secretion in this system.
Similarly, we have observed in an isolated rabbit
fundic gland preparation that indomethacin
increased histamine stimulated acid secretion three-
fold (unpublished results) using the same concen-
tration of indomethacin (100 uM) as Skoglund et
al16 which, in our preparation, inhibited glandular
prostaglandin synthesis by an average of 74% .7

Rask-Madsen and Bukhave18 have shown that 25 mg
of indomethacin given three times daily reduced
gastric juice PGE2 levels by 60% in two patients
with gastric hypersecretion associated with a variant
of Menetrier's disease (Stempien's type). The
effects on the patients' gastric acidity were not
reported.

Regulation of gastric acid secretion and main-
tenance of the structural and functional integrity of
the gastric mucosal barrier may be influenced by
local production of prostaglandins in the
stomach.19 2() Whether or not gastric acid is
necessary in the pathogenesis of indomethacin
induced gastric mucosal lesions is uncertain. In
animals, Whittle2 and Okabe et a13 observed that
indomethacin induced gastric lesions were inhibited
in the presence of the H2 receptor antagonists
metiamide and cimetidine, but metiamide did not
prevent gastric erosions attributable to indo-
methacin in studies by Bolton and Cohen.5 In
animals there is controversy whether or not gastric
acid secretion is modified by indomethacin pretreat-
ment. Nicoloff2l found that indomethacin induced a

significant decrease in canine gastric acid output
while Gerkens et a122 in the dog, and Main and
Whittle23 in the rat, documented potentiation of
pentagastrin stimulated gastric acid secretion.

Clinical reports indicate that non-steroidal anti-
inflammatory agents including indomethacin
induced gastric lesions in patients with rheumatic
disease.24 Our data would suggest that indomethacin
may play a role in gastric mucosal damage as a result
of the enhanced gastric acid output brought about

Table 2 Reported actions ofindomethacin (I) on human gastric acid secretion stimulated by histamine (H) orpentagastrin
(PG)

Increased Decreased Unchanged

Subject Stimulant Stimulant Stimulant
population n +1 dose Author n +I dose Author n +1 dose Author

Normal
subjects 10 H Lunghetti et a16 5 of 6 PG Bennett et all(

* (1967) § (1972)
6 H Marcolongo7

* (1972)
7 H Present study

t (1983)
Rheumatoid arthritis

patients 8 H Marcolongo7 22 H Winship and
* (1972) Bernhard" (1970)

4 of 5 H Carrozzo et ar
t (1973)

17 PG Adamska-Dyniowska
i: etal" (1975)

n = number of individuals reported.
I dose: * 190-300 mg/day x 25 days; t 200 mg/day; t 50-150 mg/day x 1-2 weeks; § 200 mg rectal suppositories; 75-100 mg/day x 4
weeks.
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by cyclooxygenase inhibition in the parietal cell. We
have not excluded the possibility that indomethacin
may affect gastric acid secretion by a mechanism
other than reduction in gastric mucosal prosta-
glandin levels. Indomethacin may have actions other
than cyclooxygenase inhibition alone. Arachidonic
acid may be shunted into the lipooxygenase pathway
and the metabolites - for example leukotrienes -
could conceivably influence gastric acid secretion.
Whether or not the gastric mucosal lesions

induced in man during treatment with non-steroidal
anti-inflammatory agents are in part because of a
gastric hypersecretory state or solely because of
alterations in cytoprotection is unclear. Further
studies of patients at risk will be required to
elucidate the role of each of these two possible
underlying mechanisms.

We thank Susan Petokas, Autumn Starr, Deborah
Patchin, and Sandra Markowitz for their technical
assistance. This study was supported by a grant
(RR-229) from the General Clinical Research
Centers Program of the Division of Research
Resources, National Institutes of Health, Bethesda,
MD, USA.
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