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EFFECT OF SECRETIN ON SERUM GASTRIN AS MEASURED

BY IMMUNOASSAY

J. Hansky, M.B.,, M.R.A.C.P., C. SovenNy, axp M. G. Korman, M.B.,, M.RA.CP,

Monash University, Department of Medicine, Prince Henry's Hospital,
St. Kilda Road, Melbourne, Australia

The effect of intravenous secretin on serum immunoreactive gastrin
was studied in 34 subjects during routine secretin tests. Taking the
lowest level to which gastrin fell in each individual patient, it was shown
that Boots secretin (2 U per kg of body weight) caused a significant fall
in serum gastrin from a mean (=4 sem) fasting level of 44 4 7.2 pg per ml
to a level of 17 + 3.8 pg per ml at a mean time of 25 min after injection,
Secretin obtained from the Gastrointestinal Hormone Research Unit,
Karolinska Institutet, Stockholm (1 U per kg of body weight) produced
a fall in serum gastrin from a mean fasting level of 60 + 9.8 pg per ml to
to a level of 15 4+ 5.6 pg per ml at a mean time of 25 min after injection,
Control injection of saline produced no significant change in gastrin
level. This indicates that secretin may act not only as an inhibitor of
gastrin action at a receptor site, but also to suppress the release of gas-
trin from gastrin-secreting cells or to promote the excretion or increased

metabolism of gastrin,

Studies in dogs indicate that gastrin-
stimulated acid secretion is inhibited by
endogenous and exogenous secretin. 4 This
does not hold in the cat,* * while in man,
basal secretion of acid is inhibited in some
subjects® 7 but not in others.® These find-
ings suggest that in some species, including
man, secretin may be one of the duodenal
mechanisms evoked in the inhibition of
both basal and gastrin-stimulated gastric
acid secretion. The mechanism of this inhi-
bition is not known, but the theory has been
proposed of noncompetitive inhibition at
a receptor site.? Other possible mechanisms
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may be interference with release of gastrin,
neutralization of gastrin after its release, or
increased excretion of gastrin. This study
has explored the effect of exogenous secre-
tin injection on circulating immunoreactive
gastrin to ascertain whether there is any
change in serum gastrin.

Materials and Methods

Thirty-four patients, 18 males and 16 females
whose ages ranged from 18 to 64 years, were
studied after an overnight fast. A double lumen
Dreiling tube was positioned under fluoroscopic
control to obtain proper separation of gastric and
duodenal contents. Aspiration was performed
by continuous suction at 5 mm Hg, with frequent
interruptions, by means of a Clements pump
(Clements, Sydney, Australia) and the contents
were collected into flasks under ice for 30 min
before and for four consecutive 15-min periods
after the injection of secretin.

Twenty-six patients had an intravenous in-
jection of 2 U of Boots secretin (Boots, Notting-
ham, United Kingdom) per kg of body weight,
and 8 patients has an intravenous injection of 1
U of pure natural secretin [(GIH) Gastroin-
testinal Hormone Research Unit, Karolinska
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[nstitutet, Stockholm, Sweden] per kg of quy
weight. Twelve subjects had a control injection
of 0.9 sodium chloride.

A 19-gauge needle was inserted into a fore-
arm Vein and patency ensured by frequent
flushing with a solution of heparin, 1000 U in 20
ml of 0.9% sodium chloride. This solution has
been shown not to affect serum gastrin levels.
Blood was drawn for gastrin assay 30 min before,
at the time of, and 5, 10, 15, 20, 30, 45, and 60
min after the injection of secretin or sodium
chloride.

Duodenal contents were analyzed individually
for volume, and bicarbonate concentration was
analyzed with a Van Slyke manometer.

Gastrin concentration in 0.5 ml of serum was
estimated in duplicate by immunoassay,'® but
gince the original report some modifications have
improved sensitivity and reproducibility so the
current method of immunoassay is described.
Antibodies to synthetic human gastrin I (Im-
perial Chemical Industries, United Kingdom)
were obtained from rabbits 3 months after im-
munization. Synthetic human gastrin I (HG 1)
was iodinated'! and the labeled peptide sepa-
rated from free iodide on a Sephadex G-10
column.'? A volume of 200 uliters of a 1:1000
dilution of antiserum was incubated with 200
dliters of '2°I-HG I tracer (3000 counts per min)
and 0.5 ml of serum at 4 C. Initially, the incuba-
tion period was 24 hr and this gave 40% binding
in the absence of unlabeled gastrin. More re-
cently a 72-hr incubation period has given 50%
binding in the absence of unlabeled gastrin.
Standard curves (fig. 1) were obtained by as-
saying from 0 to 500 pg of HG I in 0.5 ml of
serum freed of gastrin by prior charcoal adsorp-
tion.'* After incubation, the “free” '2sI.HG I
was adsorbed to dextran-coated charcoal (2.5%
Norit-A charcoal, 0.5% dextran 500 in 0.1 M
phosphate buffer), the antibody-bound **I-HG
I was separated by aspiration, and the “free”
'*I.HG I was counted in a + scintillation counter
(N\)ICIear-Chicago Corporation, Des Plaines,

The sensitivity of this assay system is 5 pg per
ml, that is, 2 to 2.5 pg can be readily detected
and this level produces a change of 2% in the
:)reircentage of bound radioactivity from “0” gas-

n.

Reproducibility of determinations was as-
sessed by freezing aliquots of serum with a
Rastrin concentration in the middle of our nor-
mal range (= 50 pg per ml). These were assayed
serially in lots of five triplicates over a number
of weeks so that eight sets of 18 determinations
each were made. For each group of five tripli-
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Fic. 1. Calibration curve for radioimmunoassay
with antibody diluted 1:5000 showing percentage of
antibody-bound !#**I-gastrin plotted against increasing
amounts of unlabeled gastrin.

cates, coefficient of variation in serum gastrin
level was 2.65; (within assay variation) and for
the eight sets of sera assayed at 3-day intervals
the coefficient of variation in serum gastrin level
was 7.3% (between assay variation).

Cross reactivity with cholecystokinin (CCK)
occurs above levels of CCK of 10° pg, which is
presumably well above fasting levels in human
serum, ** and no cross reactivity has been dem-
onstrated with other peptide hormones including
secretin.

Statistical analysis of group means was per-
formed by Student’s t-test on an Olivetti com-
puter using standard formulas.!* Coefficient of
correlation (r) was determined using standard
formulas.'*

Results

Boots secretin: The effects of Boots secre-
tin on serum immunoreactive gastrin are
shown in table 1. There is a fall in serum
gastrin from a mean basal level of 44 pg per
ml to 28 pg per ml at 10 min, followed by a
slight rise to 33 pg per ml and then a further
fall to 25 pg per ml at 45 min (difference
significant at P < 0.025).
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TaBLE 1. Serum gastrin after intravenous Boots secretin
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Time after secretin

(min) ........... 0 5 10
Serum gastrin (pg/ml)
Range . ........... 0-160 0-110 0-100
Mean ............. 44 40 28

,,,,, . 5.7 4.6

................ 26
.................. >0.1

26
>0.05

15 20 30 45 60
0-96 0-140 0-78 0-100 0-82
29 33 30 25 28

[

pg/ml
58 8

GASTRIN

I

=

Se#tliu

s Difference from fasting basal level (< 0.05 significant).

e——e post sceretin

o==—o past saline

[} 0 20
MINUTES

FiG. 2. Serum gastrin response to the intravenous injection of 2 U of Boots secretin per kg of body weight or

0.9% sodium chloride.

Figure 2 compares these results with
those obtained in 7 subjects given a control
injection of saline. Fasting gastrin levels in
the two groups are different, but, whereas
there is a significant fall in gastrin after
secretin, the levels after saline are not sig-
nificantly different from basal levels at any
time during the hour postinjection and
range from 35 to 33, 31, 30, 33, 39, and 32
pg per ml.

GIH secretin: The effects of GIH secretin
on serum immunoreactive gastrin are shown
in table 2. There is a fall in serum gastrin
from a mean basal level of 60 pg per ml to
22 pg per ml at 15 min and 19 pg per ml at
30 min, these levels being significantly dif-
ferent from basal levels at P < 0.01 and
P < 0.02, respectively.

Figure 3 compares these results with
those obtained in 5 patients from the group

0 45 60

given a control injection of saline. Fasting
levels are similar, but, whereas secretin
caused a marked fall in gastrin levels, the
levels following saline are not significantly
different from basal levels at any time
during the hour postinjection and range
from 65 to 65, 62, 62, 62, 60, 58, and 60 pg
per ml.

The time at which serum gastrin fell to
its lowest level varied from patient to pa
tient. Four patients, all tested with Boots
secretin, showed no significant change it
gastrin levels. In the remaining 30 subjects,
1 had the maximal fall at 5 min, 5 at 10 mi#,
6 at 15 min, 5 at 20 min, 7 at 30 min, 5 at 4
min, and 1 at 60 min after injection.

Because of this variability in time of fal
of serum gastrin to lowest levels after secr¢
tin, the results have been analyzed in a dif
ferent manner to enable a more accura
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TaBLE 2. Serum gastrin after intravenous GIH secretin®
___\
5 60 Time after sfacretin (min) . .. 0 5 10 15 20 30 45 60
Gerum gastrin (pg/ml)
T 28-98 | 20-112 | 10-110 0-60 0-56 0-40 0-56 2-94
100 0-82 Rang
28 Mean e 60 54 44 22 23 19 29 42
8 4.9 Standard error ......... 9.8 12.6 11.9 7.4 6.8 5.7 10.9 12.3
' NO. . e o8 8 8 8 8 8 8 8
9 Pr e >0.3 | <0.2 | <0.01 | <0.01 | <0.002 |<0.05 [ <0.15
025 | <0.05 . . . . .
e Obtained from the Gastrointestinal Hormone Research Unit, Karolinska Institutet, Stockholm, Sweden.
T ——

body weight or

» Difference from fasting basal level (< 0.05 significant).

(

GASTRIN  pg/ml
B8 % %

3

Stc‘rclin

———— st secretin

o= = sl saline

(7 6 26
MINUTES

30 4‘5 60

Fic. 3. Serum gastrin response to the intravenous injection of 1 U of secretin obtained from the Gastrointesti-
nal Hormone Research Unit per kg of body weight, or 0.9% sodium chloride.
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i
line. Fasting assessment to be made. Analysis is in terms  ferences between patients with normal (B) :
eas secretin of comparison of fasting gastrin levels, the or abnormal (C) pancreatic function with .
n levels, the lowest level of gastrin attained after secre- respect to age, fasting gastrin levels, lowest 4 e
significantly tin, and the time at which this occurred in  gastrin level reached after secretin or time {
it any time each patient, to reach this lowest level. !
1 and range Boots secretin: Table 3 compares the GIH secretin: Table 4 compares the mean ’
8, and 60 pg mean age of the patient, fasting gastrin age of the patient, fasting gastrin level, !

astrin fell to

atient to pa- occurred, and peak bicarbonate concentra- and peak bicarbonate concentration of pan-

| with Boots tion for the group as a whole (A) and the creatic juice. Serum gastrin fell from 60 + :
it change in group is divided into those with a pancreatic 9.8 pg per ml to 15 + 5.6 pg per ml at a
: 30 subjects, Juice bicarbonate of over 80 mEq per liter mean time of 25 min postinjection, and this ;
, 5at 10 min, (B) and those with a low bicarbonate con-  fall is significant at P < 0.0005. i
'min, 5 at 49 centration (C). There was no correction between peak i
ction. € group as a whole had a mean fasting  bicarbonate concentration and fasting '

1 time of fall
s after secre
zed in a dif
ore accuraté

leve!, lowest gastrin level reached after se-
cretin, time at which this lowest level

zas_trin concentration of 44 + 7.2 pg per ml
which fell to a mean concentration of 17 &+
3.8 pg per ml at a mean time of 25 min
P < 0.005). There were no significant dif-

lowest gastrin level reached after secretin,
time at which this lowest level occurred,

serum gastrin (r = 0.26) nor between bicar-
bonate concentration and lowest serum
gastrin attained after secretin (r = 0.03).

Serum gastrin fell to levels which could
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TasLE 3. Comparison of fasting serum gastrin with lowest serum gastrin and time achieved after boots secrety,

Age

Fasting Lowest gastrin Time of lowest

gastrin after secretin gastrin Peak HCo,

A. Total group®
Range
Mean
Standard error
No.
B. Normal bicarbonate concentration
in juice®
Range
Mean
Standard error
No.
C. Low bicarbonate concentration in
juice®
Range 23-60
Mean 45
Standard error 3.3
No. 11

pr/ml pg/ml min mEq/liter

0-160 0-72 17-98
44 17 25 70

7.2 3.8 2.9 75
26 26 26 26

80-98
90

1.4
15

15-108 0-72 5-60
40 ! 19 26
8.5 6.2 5.4
11 11 11

2 Difference between fasting gastrin and lowest gastrin after secretin: ¢

3.27, P < 0.005.

¢ Difference between fasting gastrin and lowest gastrin after secretin: ¢ = 2.59, P < 0.01.
t

¢ Difference between fasting gastrin and lowest gastrin after secretin:

TasLE 4. Comparison of fasting serum gastrin with
lowest serum gastrin® and time achieved after
GIH secretin®

Lowest gas-| Time of
trin after lowest
secretin gastrin

Peak
HCO,

Fasting
gastrin

pg/ml pg/mi min mEq/liter
Range 28-981 0-40 15-45 | 57-101
Mean 43 60 15 25 86
Standard 2.7] 9.8 5.6 3.8 4.8
€error
No. 8 8 8 8 8

2 Difference between fasting gastrin and lowest
gastrin after secretin: t = 3.75, P < 0.005.

® Obtained from the Gastrointestinal Hormone
Research Unit, Karolinska Institutet, Stockholm,
Sweden.

not be detected by this assay in 11 of the 34
subjects and only 1 subject had an elevated
fasting gastrin level (160 pg per ml) above
the upper limit of normal for this laboratory
(120 pg per ml).

Discussion

These studies suggest that, in most sub-
jects, exogenous secretin causes a signifi-
cant fall in serum gastrin as measured by

1.96, P < 0.05.

radioimmunoassay. The fall in serum
gastrin is more marked with GIH secretin
than with Boots secretin, but this may re-
flect the higher fasting levels in the group
studied with the former drug because the
level to which gastrin falls is similar in both
groups. However, it has been shown that
GIH secretin is about 10 times as powerful
on a unit basis as Boots in terms of pan-
creatic response'® so this may be another
factor. Serum gastrin fell to immeasurable
levels in 335 of subjects and did not fallin
9%. This indicates that there may be in-
dividual variation in terms of dose respon-
siveness to secretin, and a study with higher
doses of secretin may resolve this problem.
The time of maximal fall in gastrin follow-
ing secretin varied from subject to subjed
but with both brands of secretin it occurred
at a mean time of 25 min following injection.
GIH secretin produced a mean fall of 75%
in serum gastrin and Boots secretin pro
duced a mean fall of 615 at 25 min if max\
mal falls in individual patients are com
pared. )

The reason for the fall in serum gastrin
is not readily apparent from this study but
a number of possibilities exist. These aré
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inhibition of release of gastrin from gastrin-
cecreting cells, neu!:rahzatlon of gastrin in
he blood, and the increased destruction or
excretion of gastrin. Secretin added to
gastrin-containing solutions does not alter
the levels of ga§trin, SO neupralizati(_)n is
probably an unlikely mechanism. Urinary
excretion of gastrin has not been studied in
this project and, although the kidney is one
of the sites of gastrin destruction, '¢ the ef-
fect of secretin on this aspect is as yet
undetermined. Other sites of gastrin excre-
tion are as yet unknown and the possibility
exists that secretin may act on one of these
sites to promote excretion of gastrin. The
most probable mode of action of secretin
under the conditions of this study is to in-
hibit the release of gastrin. Little informa-
tion is available on the degradation and
metabolism of gastrin but the half-life has
been reported as varying from 7 min!” to 9
to 11 min.!® Boots secretin produced a fall
of 38¢; in serum gastrin and GIH secretin a
fall of 43% in serum gastrin in 10 min and
this suggests that interference with release
of gastrin is one of the mechanisms opera-
tive in diminution of gastrin following
secretin.

The finding of a decrease in serum gas-
trin after secretin is not only seen in subjects
with normal levels of gastrin as in the pres-
sent group, but also in those with hypergas-
trinemia of pernicious anemia. In the latter
group, significant decrease of serum gastrin
occurs with both single injection and con-
stant infusion of secretin'® and further
§trengthens the concept of a role of secretin
in the inhibition of gastrin-stimulated acid
secretion. The characteristics of the inhi-
bition have been studied by Johnson and
Grossman?° and they suggest that secretin
acts by noncompetitive inhibition at some
receptor site, This effect of secretin, al-
though applicable to the dog and perhaps to
man, is not seen in the cat. This is not sur-
Prising, as the effects of various gastroin-
lestinal hormones, particularly gastrin and
cholecystokinin, are different in dogs and
Cats. Grossman?® has advanced the theory
that gastrin, cholecystokinin, and secretin
act on the receptor which has two inter-
acting sites, one with an affinity for gastrin
and cholecystokinin and one with an

affinity for secretin. With this hypothesis,
simultaneous action of secretin with either
gastrin or cholecystokinin leads to noncom-
petitive inhibition if one site is inhibitory or
to noncompetitive augmentation if both
sites are stimulatory. Secretin would inhibit
the action of gastrin on the acid-producing
cell in a noncompetitive manner.

This study has not explored this hypoth-
esis but indicates that secretin may well
have another inhibitory effect on gastrin.
This is most probably interference with its
release, but increased metabolism, degra-
dation, or excretion cannot be completely
discarded.
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