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CASE REPORTS

UNUSUAL EFFECT OF SECRETIN ON SERUM GASTRIN, SERUM
CALCIUM, AND GASTRIC ACID SECRETION IN A PATIENT WITH

SUSPECTED ZOLLINGER-ELLISON SYNDROME

JoN I. IsenBErG, M.D., Joun H. WaLsH, M.D., Epwarp Passaro, Jr., M.D.,
EbpwarbD W. MoORE, M.D., AND MorToN 1. GRossMaN, M.D., PH.D.

Department of Medicine and Surgery, Veterans Administration Hospital ( Wadsworth)q
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Previous studies in normal man demonstrated that secretin inhibitg
pentagastrin-stimulated gastric acid secretion. This report dé
scribes a patient with suspected Zollinger-Ellison syndrome (i.e3§
elevated serum gastrin and hypersecretion of gastric acid) in whomk
secretin produced significant increases in serum calcium and gastri
and in gastric acid secretion. The mechanism of this effect ig

unknown.

Secretin inhibits pentagastrin-stimu-
lated gastric acid secretion in normal
man.! This report describes a patient with
suspected Zollinger-Ellison (ZE) syn-
drome in whom secretin increased gastric
acid secretion, serum gastrin, and serum
calcium.

Case Report

Mr. T, a 4i-year-old black male, was ad-
mitted to Wadsworth General Hospital with
complaints of epigastric pain, diarrhea, and a
30-1b weight loss over the preceding 8 months.
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Family history was unremarkable. Physic
examination was unrevealing. -
Serum calcium values were repeatediyg
greater than 11.5 mg per 100 ml and serung
phosphorous less than 2.5 mg per 100 mf

Fasting serum gastrin, determined by radig
immunoassay,? ranged from 450 to 800 pg pé
ml (fig. 1). Normal in our laboratory is less thal
200 pg per ml. Routine hematologic, hepaf
and renal studies were within normal limig
Upper gastrointestinal series showed largg
gastric folds, irregularity of the mucosal foldgl
of the duodenum and jejunum, and rapid il
testinal transit. Basal gastric acid secretig
ranged from 13.3 to 35.1 mEq per hr (fig. .28

measured in simultaneously obtained pe!
eral venous serum. After resection ofj

creased to a low of 9.3 mg per 100 ml
the subsequent 8 months, calcium
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. Basal and betazole-stimulated gastric acid

from 9.5 to 10.2 mg per 100 ml. Serum
tous increased to 4.2 mg per 100 ml.
“s’e of hypergastrinemia, hypersecre-
gastric acid, and low pH in the distal
l; a clinical diagnosis of ZE syndrome

Special Studies

secretion. After an overnight
ric juice was collected with a
ump through either a fluoro-
placed nasogastric or double
astroduodenal tube. During the
8 «When a double. lumen gastroduo-
Y be was in place, duodenal juice
Imultaneously collected. Gastric
¢ _Was measured and acid concen-
1 determined by titration to pH 7.0
0, automatic titrator. Pepsin con-
10n was determined by the method
88man and Marks.?
Bastric secretory studies were per-
t betazole (1.5 mg per kg sub-
8ly) stimulation (fig. 2). Mean
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prebetazole acid concentration was
108 mEq per liter (range 98 to 117 mEq
per liter). After betazole, mean peak acid
concentration was 147 mEq per liter
(range 134 to 154 mEq per liter): basal
acid concentration +~ peak acid concentra-
tion = 0.73. Mean.- prebetazole gastric
acid output was 22 mEq per hr (range 15
to 35 mEq per hr). During the 1st post-
betazole hr gastric acid secretion in-
creased to 44 to 82 mEq per hr (fig. 2).
After parathyroidectomy, there was no

apparent change in acid secretion. Feed- .

ing a standard meal of two eggs, toast,
and orange juice failed to increase serum
gastrin in our patient. In normal subjects
this standard meal produced at least a
2-fold increase in serum gastrin.* This
standard meal failed to increase serum
gastrin in 4 other subjects with ZE syn-
drome (unpublished observations). Four
secretin infusion tests were performed:
two before and two after removal of the
parathyroid adenoma. In addition, two
control tests with isotonic saline alone
were performed after removal of the
parathyroid adenoma.

After at least four 15-min basal collec-
tions, 3 U per kg-hr of Gastrointestinal
Hormone (GIH) secretin (Karolinska
Institutet, Stockholm, Sweden) were
added to an isotonic saline infusion, 25
ml per hr.

During each secretin infusion test
gastric acid secretion increased signifi-
cantly (P < 0.05) above basal and saline
control tests (fig. 3). Concentration of
titratable acid did not change signifi-
cantly above basal during secretin infusion
(fig. 4). .

The effect of graded doses of secretin
(3, 6, and 9 U per kg-hr), given on a single
day was studied. Acid secretion increased
to a plateau during the 6 U per kg-hr infu-
sion. There was no evidence of inhibition
of acid secretion during the 9 U per kg-hr
infusion (fig. 5).

Mean pepsin secretion increased from
approximately 11 kilounits per 15 min
basally to a mean peak of 47 kilounits per
15 min during secretin infusion.

Calcium gluconate (Ca**, 5 mg per

kg-hr) produced an increase in gastric—




628 CASE REPORTS

1—— NaCl 015 M 2Sm|/hr—1

rsscmm 3 u/kg-hvl
6 I
. L

V SECRETIN

s * = p0.05

V “« = p0.01

4] 1 o
1¥I\x/ s

H' OUTPUT (mEq/15 min)
-]

1 SALINE
By
4‘\6_—1‘_5__51’ hF S {

3 -2 1 0 1 2 3 4 5 6

15 min PERIODS

Fic. 3. Mean gastric acid output during secre-
tin infusion and during isotonic saline alone. Each
point represents the mean; vertical bar, 1 SE.
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Fic. 4. Mean (+ sE) hydrogen ion concentration
during secretin infusion tests and during isotonic
saline alone.

acid secretion to levels similar to those
seen with betazole or secretin (fig. 6).
Since glucagon is structurally similar to
secretin, the effect of graded doses of
glucagon (1, 4, and 16 ug per kg-hr) was
studied. During glucagon infusion gastric
acid secretion decreased from a basal of
2.1 mEq per 15 min to 0.1 mEq per 15 min.
In addition, during glucagon infusion,
pepsin secretion decreased from 11 kilo-
units per 15 min to a low of 1.5 kilounits
per 15 min.
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The effect of a rapid (30 sec) intravenous
injection of GIH secretin, 2 U per kg, was
studied in Mr. T, 3 other unoperated
patients with ZE syndrome, and 8 cont.rol
gubjects. In Mr. T the secretin injection

roduced a prompt, brisk increase in
gerum gastrin (fig. 7). In the 3 other ZE
subjects serum gastrin decreased (fig. 7).
In the 8 control subjects serum gastrin
did not change significantly (P > 0.05)
(fig- 7)-
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FIG 7. Serum gastrin response to rapid intra-

s 1njection of (2 U per kg of secretin) in: (4) Mr.

B) 3 other unoperated patients with ZE syn-

me, (C) 8 control subjects.
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measured by atomic absorption spectrom-
etry. During the test with graded doses
of secretin, serum calcium increased sig-
nificantly (P < 0.05) above basal and also
above a control test with isotonic saline
alone (fig. 8).

During a secretin infusion test ionized
calcium, measured with an ion exchange
electrode,® increased significantly (P <
0.001) above basal (fig. 9). Thirty minutes
after discontinuing secretin, ionized cal-
cium had returned to basal level. There
was no significant (P > 0.05) change in
serum calcium during either the glucagon
infusion test or the saline control test.

Discussion

Brooks and Grossman demonstrated
that in man pentagastrin-stimulated gas-
tric acid secretion was inhibited by secre-
tin.! Berstad and Petersen’ showed that
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this inhibition followed competitive Kki-
netics in man. The increased acid secre-
tion observed in our patient after the ad-
ministration of secretin was therefore
unexpected.

The paradoxical acid secretory response
to intravenous secretin in our patient was
due at least in part to the release of gastrin,
probably tumor gastrin. Two additional
patients with ZE syndrome (without hyper-
parathyroidism) have also shown an in-
crease in serum gastrin concentration
after secretin administration (J. C.
Thompson, P. H. Jordan Jr., personal
communications). Secretin does not induce
gastrin release in all patients with ZE
syndrome. In the 3 other ZE patients we
studied, secretin failed to produce an
increase in serum gastrin. Rapid intra-
venous injections of secretin have. been
reported to decrease gastrin concentra-
tions in patients with pernicious anemia,®
and in normal subjects.?

The increase in serum calcium concen-
tration which occurred during secretin
infusion is of special interest. It is possible
that changes in serum gastrin were medi-
ated by changes in the serum calcium.
After parathyroidectomy, our patient’s
serum gastrin decreased, but infusion of
calcium produced an increase in serum
gastrin and acid secretion similar to that
produced by secretin infusion. Calcium
infusion studies were not done before re-
moval of the parathyroid adenoma. Tru-
deau and McGuigan'® reported a patient
with ZE syndrome whose blood gastrin
decreased markedly after removal of
three hyperplastic parathyroid glands,
but was restored to high levels by calcium
infusion. Calcium infusion has produced
modest increases in serum gastrin and
gastric acid secretion in normal subjects
and patients with duodenal ulcer disease.!*
Basso and Passaro'? presented further
evidence to suggest gastrin release from
ZE tumors by calcium infusion. In 4 pa-
tients with ZE syndrome they found that
calcium infusion produced a marked in-
crease in acid secretion, approaching the
response to maximal betazole stimulation.
In Mr. T, calcium infusion produced
greater than a 3-fold increase in serum

gastrin and gastric acid secretion.

addition, calcium has been shown td
potentiate pentagastrm -stimulated gas
tric acid secretion in ferrets.'? It is nof]

known whether calcium augments gastrinij

stimulated acid secretion in man.

Calcium is thought to play a role in t
second messenger system, cyclic adeno:
sine monophosphate, and to produ
degranulation of some hormone-containi
cells.’® Calcium infusion has produc

hormone release from other endocrinég

tumors including calcitonin from medu}
lary carcinoma of the thyroid!* and
serotonin from malignant  carcinoig
tumors.!® :

An increase in serum calcium as a resuI .

of secretin infusion has not been report
previously, and the mechanism is urf
known. The effect of secretin on pard

thyroid hormone release has not beel8

studied. Cushard et al.’® reported tha
two other polypeptide hormones, gld
cagon and adrenocorticotropin, increaseg

circulating parathyroid hormone con¥

centration in man. Recently, Care and]
Bruce'” reported that cholecystokinifg

or the octapeptide of cholecystokinig¥

produced an increase in calcitonin secrg

tion in pig. In addition, Cooper et aligl

observed that an intravenous injection g
infusion of pentagastrin produced %
marked increase in thyrocalcitonin secrg
tion in pig. Therefore, there is evidence i
suggest that the gastrointestinal hog
mones may play a role in calcium homeQ

stasis. It is poss1ble that secretin produceds

hypercalcemia in our patient by releasiff
parathyrmd hormone. The role of secretll
in calcium homeostasis deserves furth
study. 1
The patient who is the subject of f“

study has not had surglcal exploratlon‘

the absence of direct demonstration of &

pancreatic islet cell gastrinoma,

remains presumptive.
Addendum

Since submitting the manuscript, %@
have studied another patient with the d&¥
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m ) s
manuscript,
tient with the ¢

agnosis of Zollinger- Ellison syndrome in
whom secretin (3 U per kg-hr intrave-
nously) produced an increase in serum
gastrm serum calcium, and gastric acid
gecretion. During secretin infusion, fast-
ing serum gastrin increased from a mean
pasal of 695 to a peak of 1290 pg per ml.
Serum calcium increased from a mean
pasal of 9.14 to a peak of 11.95 mg per 100
ml, and gastric acid secretion increased
from a mean basal of 11.4 to a peak of 17.9
mEq per 15 min.
.Secretin-induced increase of serum gas-
trin, serum calcium, and gastric acid se-
cretion in some patients with Zollinger-
Ellison syndrome does not appear to be
uncommon. The frequency of this phe-
nomenon in patients with Zollinger-Ellison
syndrome deserves further study. Secre-
tin infusion may be of diagnostic value in
patients with suspected Zollinger-Ellison
syndrome.
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