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Effect of Low-Dose Exogenous Secretin on
Pentagastrin- and Meal-Stimulated Gastric
Acid Secretion in Humans

JOHN CHRISTIANSEN, MD, BJARNE HANSEN, MD, LINDA HILSTED, MD, and OVE B.
SCHAFFALITZKY DE MUCKADELL, MD

Intravenous infusion of secretin in a dose of 0.05 CU/kglhr inhibited pentagastrin-
stimulated (100-nglkglhr) acid secretion by 42% (P < 0.05) abd meal-stimulated (10%
peptone, pH 5.5) acid secretion by 33% (P < 0.05) in 10 healthy subjects. Median serum
gastrin concentration during peptone stimulation was reduced by 24% (P < 0.05) during
secretin infusion. Median plasma secretin concentrations were 6.0 and 5.2 pmollliter,
respectively. Since these secretin concentrations are of the same magnitude as those seen
after duodenal acidification, it is concluded that secretin may participate in the physio-

logical inhibition of gastric acid secretion.
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It has previously been shown that exogenously
administered secretin inhibits gastric acid secretion
in man (1-6); whether this action of secretin has any
physiological importance in the regulation of gastric
acid secretion is still obscure. Not until recently,
when reliable radioimmunoassays for secretin be-
came available, were physiological plasma secretin
concentrations known (7, 8).

Plasma secretin concentrations in healthy indi-
viduals following physiological stimulation of secre-
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tin release, ie, meal-stimulation or acidification of
the duodenum, are below 10 pmol/iter (7, 9-12).
Plasma secretin concentration approaches a level of
9 pmol/liter when gastric acid secretion is maxi-
mally stimulated by insulin-induced hypoglycemia
(9). Reproduction of these plasma concentrations
by exogenous administration is a prerequisite for
any conclusions on the possible physiological sig-
nificance of the observed actions. These doses have
been established in studies on the effect of secretin
on pancreatic bicarbonate secretion and plasma
secretin and were found to be below 0.1 CU/kg/hr
(12). With doses in this range, linear correlations
were found between infusion dose and plasma
secretin concentration, as well as between log in-
crement in plasma secretin concentration and pan-
creatic bicarbonate secretion, suggesting that these
infusion doses of secretin probably reflect physio-
logical conditions. ‘

The aim of the present study was to investigate
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the effect of these physiological doses of secretin on
meal-and pentagastrin-stimulated acid secretion in
healthy subjects.

MATERIALS AND METHODS

Subjects. Ten healthy volunteers, four women and six
men, ages 2142 years, were studied. The study was
approved by the regional ethical committee and informed
consent was obtained from all persons.

Experimental Procedure. In each subject the effect of
secretin on pentagastrin-stimulated and on meal-stimu-
lated acid secretion was studied in randomized order on
four separate days.

After an overnight fast a double-lumen tube was placed
in the stomach under fluoroscopic control. Meal-stimu-
lated acid secretion was measured for 3 hr by an intra-
gastric titration method using an automatic titration sys-
tem (Radiometer, Copenhagen, Denmark) for titration to
pH 5.5 with 0.5 mol NaHCO;. The intragastric stimulus
was 300 ml 10% solution of Bacto peptone (Difco Lab.,
Detroit, Michigan) adjusted to pH 5.5 and circulated
through the stomach via the biluminal gastric tube by a
peristaltic pump with an amount sufficient to keep the
titration chamber filled. The amount of acid secretion was
estimated by continuous titration by the pH-stat method
and was recorded on a titigraph pen writer (Titigraph,
Radiometer). A sudden horizontal deflection in the titra-
tion curve was taken as an index of duodenogastric
reflux, and when it occurred the study was discarded and
repeated on another day.

In the pentagastrin study, pentagastrin in a dose of 100
ng/kg/hr was administered as a continuous intravenous
infusion for 150 min. With this dose of pentagastrin, a
secretory plateau is reached after 90 min, and no fade
occurs within the next 2 hr (13).

Gastric secretion was collected for each 15 min period
by intermittent mechanical suction, producing a pressure
of 150 mm Hg. The volume of gastric secretion was
measured and the concentration of H* was determined by
titration to pH 7.0 with an autotitrator (Radiometer).
Osmolarity as an index of duodenogastric reflux was
determined by freezing-point reduction (14). Validation
studies in our laboratory have shown that reduction in
gastric juice osmolarity correlated well with the degree of
reflux calculated according to Faber et al (15) during
approximate plateau secretion. Osmolarity as an indica-
tor of duodenogastric reflux is in contrast to estimations
based on Sodium concentration independent of the secre-
tory rate. During the gastric acid stimulation with peptone
and pentagastrin, secretin or saline (control study) were
infused intravenously with a flow of 50 ml/hr in random-
ized order on separate days, starting at time 0. Pure
natural secretin (KABI Vitrum) was infused in a dose of
0.05 CU/kg/hr. The peptide was dissolved in 0.9% NaCl
with 2% human albumin added.

Plasma secretin was measured after extraction with
ethanol as previously described (7, 8). Antiserum 5595-3
was used, and all samples were assayed in duplicate. The
assay variation was calculated from 16 samples and
included duplicate control plasmas.
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Fig 1. Gastric acid output during infusion of pentagastrin (100

ng/kg/h &—e) and pentagastrin + secretin (0.05 CU/kg/hr, %—
%). Median and Interquartile range.

Interassay (16 assays) and intraassay variations (SD)
were 0.7 and 0.4 pmolliter, respectively, at a mean
concentration of 9.8 pmol/liter. Detection limit was 0.8
pmol/liter, and ID 53 was 10 pmol/liter. Measurement of
serum gastrin was performed as previously described (14,
15) using monoiodinated gastrin-17 tracer and Ab 2604.
Component-1, gastrin-34, and gastrin-17 (sulfated as well
as nonsulfated) are bound with equimolar potency to this
antiserum (16, 17). The standard curves were prepared in
charcoal-treated human plasma. Results are given as
median and interquartile range. Differences were ana-
lyzed by the Wilcoxon test for paired differences; P
values less than 0.05 were considered significant.

RESULTS

The effect of secretin on pentagastrin-stimulated
acid secretion is shown in Figure 1. Secretin inhib-
ited median dcid output (90-150 min) from 5.4 to 3.1
meq/15 min‘(42%; P < 0.05). Plasma secretin con-
centrations during the combined infusion of secretin
and pentagastrin were in the range 5.0-8.5 pmol/
liter (Figure 2 with a median of 6.0 pmolfliter.
Median osmolarity of gastric juice (90~150 min) was
287 mosm/liter (332-265) in the control study and
279 mosm/liter (324-259) in the secretin study (P >
0.05). Horizontal deflections of the titration curve
as a sign of duodenogastric reflux occurred in two of
the secretin studies and in one of the control stud-
ies. The median volume of peptone used in the
secretin study to maintain the titration chamber
filled was 190 ml/hr (range 118-242) and in the
control study 207 ml/hr (143-280) (P > 0.05). Me-

Digestive Diseases and Sciences, Vol. 33, No. 10 (October 1988)

BRI

SECRET

Pi
pi

Fig 2. Plas
trin (100 1
secretin (0

dian cun
inhibitec
(Figure
tions (1!
0.05) (F
during tl
infusion
(Figure :
In nor
of penta,
+ saline
icantly.
a modes
and mea

5(
4(
3
2(

1

Fig 3. Cun
saline infi
CU/kg/hr,

Digestive D



ET AL

trin (100
hr, *—

ns (SD)
1 mean
was 0.8
ment of
sed (14,
b 2604.
as well
7 to this
sared in
iven as
re ana-
1ces; P

wlated
1 inhib-
4to3.1
in con-
ecretin
i pmol/
ol/liter.
in) was
dy and
ly (P>
1 curve
1two of
5l stud-
in the
hamber
in the
5). Me-

ober 1988)

SECRETIN AND ACID SECRETIN

Pl -secretin
pmol/l

30 60 90 120 150 min
Fig 2. Plasma secretin concentration during infusiondf pentagas-
trin (100 ng/kg/hr) + saline (%—%) and ®—e pentagastrin +
secretin (0.05 CU/kg/hr, —e). Median and interquartile range.

’

dian cumulative meal-stimulated acid secretion was
inhibited from 45 to 31 meq H* (33%; P < 0.05)
(Figure 3), and median serum gastrin concentra-
tions (15-180 min) from 42 to 31 pmol/liter (P <
0.05) (Figure 4). Plasma secretin concentrations
during the combined meal stimulation and secretin
infusion was in the range of 3.2-7.1 pmol/liter,
(Figure 5) with a median of 5.2 pmol/liter.

In none of the control studies, ie, during infusion
of pentagastrin + saline or during meal stimulation
+ saline infusion did plasma secretin change signif-
icantly. Pentagastrin infusion, however, resulted in
a modest increase in plasma secretin concentration
and meal stimulation in a decrease (P > 0.05).

meqH*

30 60 S0 120 150 180 min
Fig 3. Cumulative meal-stimulated gastric acid secretion during

saline infusion (8—e) and during infusion of secretin (0.05
CU/kg/hr, %—%). Median and interquartile range.
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Fig 4. Plasma gastrin concentration during meal stimulation and

infusion of saline (8-—e) and infusion of secretin (0.05 CU/kg/hr,
*—%k).

DISCUSSION

The present study shows that secretin in a dose
resulting in plasma concentrations in the same
range as seen after duodenal acidification inhibits
meal- and pentagastrin-stimulated acid secretion
and meal-stimulated serum gastrin concentration.
This observation corresponds well with the findings
by Chey et al that elimination of meal-induced
endogenous secretin by anti-secretin antiserum in-
creased acid secretion in dogs with an innervated
gastric pouch (18).

In a previous study, in which the effect of duo-
denal acidification and injection of secretin were
compared, no effect of secretin injection on acid
secretion could be demonstrated, although plasma

Pl-secretin
pmol/l

L T T T L] T

30 60 90 120 150 180 min

Flg 5. Plasma secretin concentration during meal stimulation and
infusion of saline (¢—) and infusion of secretin (0.05 CU/kg/hr,
*—x%).
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secretin concentrations greatly exceeded those
found after duodenal acidification which inhibited
acid secretion significantly (19). The lack of effect of
secretin injection could be due to the fact that acid
secretion was stimulated with a supramaximal dose
of pentagastrin (6 p/kg/hr). This does of course not
explain the dissociation between the effect of duo-
denal acidification and secretin injection, which
must be explained either by release of some addi-
tional substance with acid inhibitory properties, by
duodenal acidification, or by insufficient biological
activity of the secretin preparation used.

In contrast, Londong et al (6) found a correlation
between plasma secretin concentrations after dif-
ferent doses of secretin and gastric acid inhibition.
The concentrations were, however, greatly above
physiological levels, the lowest dose administered
being 0.5 wg/kg/hr. There was, however, no propor-
tionality between plasma secretin concentration
and acid inhibition (a fourfold increase in secretin
dose only increased acid inhibition by 20%), which
explains why Londong et al found 55% inhibition of
acid secretion compared to 22% in our study al-
though the secretin dose was 10 times higher.

Kleibeuker et al (20) found that meals of low pH
inhibited gastric production of acid by 30-50% and
produced secretin levels of 3.2-3.9 pmol/iter. In
contrast, exogenous secretin producing plasma lev-
els of 3.5 pmol/liter did not inhibit gastrin release
and acid secretion during a meal of pH 5.5. The
authors concluded that factors other than secretin
are the mediators of acid-induced inhibition of gas-
tric secretion. This discrepancy with the present
results can hardly be explained by the slightly
higher, but still physiological, secretin concentra-
tions in our study; only a dissociation between the
bio- and immunoactivity of the secretin preparation
used by Kleibeuker et al might provide a reasonable
explanation. Furthermore, the two antisera may
react differently with human and porcine secretin,
and porcine secretin is used for standards in both
assays. Hence, the levels of endogenous secretin
may be underestimated by Kleibeuker et al and the
infusion rate of porcine secretin therefore too low
(or too high in the present study).

In a previous study from this institution (13) 0.5
CU/kg/hr of secretin inhibited acid secretion stimu-
lated by 150 ng/kg/hr of pentagastrin by only 12%.
This discrepancy with the present study may be due
to the fact that no albumin was added to the secretin
infusion, so that an unknown and possibly variable
amount of secretin reached the blood stream. This
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may also explain why the same amount of secretin
exerted an increased acid inhibition when higher
doses of pentagastrin were used (1 and 6 pg/kg/hr).
In this study secretin induced reflux in two of five
studies during 150 ng/kg/hr of pentagastrin and in 0
of 3 studies when 6 pg/kg/hr of pentagastrin was
used.

In a recent study using the same dose of secretin
as in the present study, inhibition of spontaneous
acid secretion was demonstrated (21). Decrease of
acid output could, however, only be demonstrated
in one of four 30-min periods during secretin infu-
sion. The authors point to the problem of duodeno-
gastric reflex when studying the effect of secretin on
acid secretion, since the same study performed with
secretin in a dose of 0.25 pg/kg/hr was uninterpret-
able due to massive reflux. Their criteria for
duodenogastric reflux was an increase in pH over 2
units from one gastric sample to another. In our
study, reduction in osmolarity due to dilution when
NaHCO; reacts with HCl, measured by freezing-
point reduction, was taken as an indicator of reflux;
this is a sensitive technique which, in cases with
reduced gastric secretory volume, tends to overes-
timate rather than underestimate reflux (14). The
fact that no significant difference in osmolarity was
found during the interval 90-150 min between con-
trol and secretin study indicates that reflux is un-
likely to be responsible for the observed acid inhi-
bition. Furthermore, during meal stimulation, reflux
could not explain the observed difference in acid
secretion. The fact that plasma secretin increased
moderately during pentagastrin stimulation and de-
creased during meal stimulation is probably due to
the higher pH of the little, but unknown, amount of
gastric content which empties into the duodenum
during stimulation with peptone (pH 5.5) rather
than during pentagastrin stimulation, where pH is
between 1 and 2.

In conclusion, this study has shown that an
amount of secretin which may be released from the
duodenumunder physiological circumstancesis suffi-
cient to inhibit stimulated gastric acid secretion.
Consequently, secretin may participate in the phys-
iological regulation of gastric acid secretion.

REFERENCES

1. Kamionkowski M, Grossmann S, Fleshler B: The inhibitory

effect of secretin on broth-stimulated gastric secretion in 3

human subjects. Gut 5:237-240, 1964

2. Wormsley KG: Gastric responses to secretin and pancreo- "

zymin in man. Scand J Gastroneterol 3:632-636, 1968

Digestive Diseases and Sciences, Vol. 33, No. 10 (October 1988) ‘:

SECRETIM

11.

12.

. Chey W

secretin ¢
secretion

. Berstad

effect of
J Gastro«

. Brooks ¢/

stokinin .
Gastroen

. Londong

Gastric e
Regul Pe

. Schaffalir

noassay
37:155-1t

. Schaffalit

Westpha,
man. Effi
988, 1981

. Schaffalit

pattern ¢
19:812-8

. Chey W*

Plasma s
state in n
Pelletier

sient seci
ogy 75:11
Schaffalit
sen S, W

& Digestive Disea



NV ET AL

secretin
1 higher
v/kg/hr).
) of five
and in 0
rin was

secretin
taneous
-ease of
1strated
in infu-
10deno-
retin on
ed with
terpret-
ria for
over 2
In our
n when
eezing-
reflux;
s with
yveres-
1. The
‘ty was
:n con-
is un-
d inhi-
, reflux
.n acid
reased
nd de-
due to
wunt of
enum
rather
pH is

1at an
ym the
ssuffi-
-etion.
phys-

1ibitory
stion in

ancreo-
18

er 1988)

SECRETIN AND ACID SECRETIN

10.

11.

12.

. Chey WY, Hitamant S, Hendrichs J, Lorber SH: Effect of

secretin and cholecystokinin on gastric emptying and gastric
secretion in man. Gastroenterology 58:820-827, 1970

. Berstad A, Petersen H: Dose-response relationship of the

effect of secretin on acid and pepsin secretion in man, Scand
J Gastroenterol 5:118-125, 1970

. Brooks AM, Grossman MI: Effect of secretin and cholecy-

stokinin on pentagastrinstimulated gastric secretion in man,
Gastroenterology 59:114-119, 1970

. Londong W, Londong V, Hanssen LE, Schwanner A:

Gastric effects and side effects of synthetic secretin in man.
Regul Peptides 2:231-244, 1981

. Schaffalitzky de Muckadell OB, Fahrenkrug J: Radioimmu-

noassay of secretin in plasma. Scand J Clin Lab Invest
37:155-162, 1977

. Schaffalitzky de Muckadell OB, Fahrenkrug J, Nielsen J,

Westphall I, Worning H: Meal-stimulated secretin release in
man. Effect of acid and bile. Scand J Gastroerterol 16:981-
988, 1981 :

. Schaffalitzky de Muckadell OB, Fahrenkrug J: Secretion

pattern of secretin in man: Regulation by gastric acid. Gut
19:812-818, 1978

Chey WY, Lee YH, Hendrichs JG, Rhodés RA, Tai H-H:
Plasma secretin concentrations in fasting and postprandial
state in man. Am J Dig Dis 23:981-988, 1978

Pelletier MJ, Chayvialle JA, Minaire Y: An even and tran-
sient secretin release after a liquid test meal. Gastroenterol-
ogy 75:1124-1132, 1978

Schaffalitzky de Muckadell OB, Fahrenkrug J, Watt-Bool-
sen S, Worning H: Pancreatic response and plasma secretin

Digestive Diseases and Sciences, Vol. 33, No. 10 (October 1988)

14.

20.

21.

concentration during infusion of low dose of secretin. Scand
J Gastroenterol 13:305-311, 1978

. Petersen B, Christiansen J, Kirkegaard P, Olsen PS: The

stability of gastric acid secretion during prolonged pentagas-
trin stimulation in man. Clin Sci 66:99-101, 1984

Henriksen FW, Jorgensen SP, Méller S: Interaction between
secretin and cholecystokinin on inhibition of gastric secre-
tion in man. Scand J Gastroenterol 9:735-740, 1974

. Faber RG, Russell RCG, Royston CMS, Whitfield P, Hobs-

ley M: Duodenal reflux during insulin-stimulated secretion.
Gut 15:880-884, 1974

. Rehfeld JF, Stadil F, Rubin B: Production and evaluation of

antibodies for the radioimmunoassay of gastrin. Scand J Clin
Lab Invest 30:221-232, 1972

. Stadil F, Rehfeld JF: Determination of gastrin in serum: An

evaluation of the reliability of radioimmunoassay. Scand J
Gastroenterol 8:101-112, 1973

. Chey WY, Kim MS, Lee KY, Chang TM: Secretin is an

enterogastrone in the dog. Am J Physiol 240:G239-G244,
1981

. Ward AS, Bloom SR: The role of secretin in the inhibition of

gastric secretion by intraduodenal acid. Gut 15:889-897,
1974

Kleibeuker JH, Eysselein VE, Maxwell VE, Walsh JH: Role
of endogenous secretin in acid-induced inhibition of human
gastric function. J Clin Invest 73:526-532, 1984

Waldum HL, Walde N, Burhol PG: The effect of secretin on
gastric H* and pepsin secretion and on urinary electrolyte
excretion in man. Scand J Gastroenterol 16:999-1004, 1981

1281




