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Disappearance half-time of endogenous and
exogenous secretin in dogs1
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SUMMARY We have used a sensitive and specific radioimmunoassay to measure the disappearance
half-times of exogenous porcine secretin and endogenous canine secretin in the dog and found them
to be 2-45 and 2-85 minutes, respectively.

Since the discovery of secretin in 1902 by Bayliss and
Starling, quantitative estimations of secretin activity
have been based on the ability of the hormone to
stimulate flow of bicarbonate-rich pancreatic juice.
Since about the time of the initial isolation of the
hormone from hog intestine by Jorpes and Mutt
(1959), there have been refinements in bioassay tech-
nique (Ivy and Janecek, 1959; Mutt and Soderberg,
1959; Heatley, 1968) which have produced con-
siderable standardisation of results. Unfortunately,
these techniques lacked specificity and precision, and
were incapable of measuring basal levels of secretin
in the circulating plasma of animals and man.
Calculations of the disappearance half-time (TI) of
secretin were, however, made in laboratory animals
using pancreatic secretion as an index of secretin
activity (Clark et al., 1967; Lehnert et al., 1969;
Hubel, 1972).
We have recently validated a radioimmunoassay

which is both sensitive and specific and can ac-
curately measure concentrations of secretin of less
than 20 pg/mi in plasma (Rayford et al., 1976).
Using this assay technique, we have measured

plasma levels of secretin in dogs after an infusion of
pure natural porcine hormone and have calculated
its disappearance half-time. We have also measured
basal and stimulated levels of endogenous secretin
in dogs and have calculated its disappearance half-
time.

Methods

DISAPPEARANCE HALF-TIME OF EXOGENOUS
SECRETIN
Eight fasting, adult, mongrel dogs weighing ap-
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proximately 20 kg were placed in Pavlov stands and
an intravenous catheter placed in a foreleg and a hind
leg of each dog. After collecting two 5 ml basal
blood samples, 10 minutes apart, each dog received
an infusion of pure natural secretin (Professor V.
Mutt, Gastrointestinal Hormone Laboratory [GIH],
Karolinska Institute, Stockholm), 1.5 unit/kg body
weight, dissolved in 50 ml 0-9% NaCI. This secretin
preparation contains 3500 clinical units/mg. The
infusion was delivered over 30 minutes into a foreleg
vein using a Harvard syringe pump. Blood samples
were collected from the hind leg catheter at five-min-
ute intervals during the infusion. The infusion was
then terminated and samples collected at one-minute
intervals for 10 minutes, then at two-minute intervals
for 10 minutes.

DISAPPEARANCE HALF-TIME OF
ENDOGENOUS SECRETIN
A further six fasting, adult, mongrel dogs were
anaesthetized with intravenous sodium pentobarbital
,(25,mg/kg), and the abdomen opened. A segment of
bowel, comprising the whole of the duodenum and
the proximal 50 cm of the jejunum, was prepared for
stimulation of secretin release by ligation of the
pylorus, ligation of the superior pancreatico-
duodenal vein at its entry into the portal vein, and
division of the jejunum and its mesentery 50 cm
distal to the ligament of Treitz. A cannula was
introduced into the proximal duodenum for infusion
of acid, and the distal end of the segment of bowel
was left open to allow free drainage of the infusate
into a basin. The venous drainage of this segment of
bowel flowed caudally in the inferior pancreatico-
duodenal vein and jejunal veins to enter the superior
mesenteric vein. A ligature was passed loosely
around the entire vascular pedicle of the isolated
segment of bowel and was left untied.
Two basal blood samples were collected at an

interval of 10 minutes from a catheter in a jugular
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vein, after which 0-1 N hydrochloric acid was in-
fused into the isolated duodenojejunal loop at the
rate of 1-5 mEq/min using the Harvard syringe
pump. Five-millilitre blood samples were collected
at five-minute intervals during the infusion, and
after its termination, at one-minute intervals for 10
minutes and then two-minute intervals for 10
minutes. After exactly 20 minutes of stimulation
with HCI, the perivascular ligatures were quickly
tied, suddenly and completely occluding the venous
drainage of the stimulated segment of bowel.

In all studies, 5 ml blood samples were collected
in chilled tubes containing 2000 kallikrein in-
activator units (k.i.u.) of trasylol (Aprotinin) and
125 u sodium heparin. Samples were centrifuged at
4°C and the plasma stored at - 20°C for subsequent
radioimmunoassay for secretin. Estimations of
secretin were performed in duplicate and the mean
value used. Results are expressed as mean values
plus or minus the standard error. Statistical signifi-
cance of differences was assessed by means of
Student's t test for paired data; P values of less than
5% were taken to be significant. Disappearance
curves of secretin were subjected to linear regression
analysis.

RADIOIMMUNOASSAY TECHNIQUE
The assay was developed by Rayford et al. (1976).
Details of the method will be presented for clarity.
The secretin immunoassay employs antibodies raised
in white New Zealand rabbits to pure natural porcine
secretin (GIH). The antibody binds 30% to 40% of
1251 secretin at a final dilution of 1:50,000. Synthetic
6-tyrosyl secretin (Schwarz-Mann) was radioiodi-
nated by the method of Greenwood et al. (1963); the
labelled hormone was separated from contaminants
by gel filtration. The double antibody technique
described by Odell et al. (1967) was used to separate
bound from free hormone. Graded amounts of
pure natural porcine secretin (GIH) were used to
prepare a standard curve, and dose interpolation
was performed using the log-logit transformation
method of Rodbard (1971). When the curve is
calculated by this method, we find that we can de-
tect quantities of secretin as small as 5 pg/assay tube
with 95% confidence. Since the assay is conducted
using 300 ,ul of sample, the lower limit of detection in
the system is about 15 pg/ml of sample. The varia-
tion of results within each assay was less than 5%
and that between assays was less than 13 %.
There is no cross-reaction in the assay system

with synthetic human gastrin I, glucagon, gastric
inhibitory peptide, or 99% pure cholecystokinin
(GIH). Minimal cross-reaction was seen with vaso-
active intestinal peptide (GIH) presumably because
of contamination with secretin.

Results

DISAPPEARANCE HALF-TIME OF EXOGENOUS
SECRETIN
The basal level of secretin was 35 ± 19 pg/ml and
rose to a mean plateau level of 632 ± 41 pg/ml
over the last 15 minutes of secretin infusion. After
the termination of the infusion at 30 minutes,
secretin levels fell sharply, reaching 144 ± 27 pg/ml
at 36 minutes and attaining basal levels at 42 minutes
(Fig. 1).
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Fig. 1 Concentration ofsecretin in plasma before,
during, and after constant rate intravenous infusion of
pure natural secretin, 1 5 U/kg body weight, over 30
minutes. Asterisks denote significant elevations above
basal (p < 005).

In calculating the disappearance half-time, the
basal level of secretin was subtracted from all sub-
sequent values. The postinfusion levels were then
expressed as a percentage of the mean plateau level,
and these values were converted to their natural
logarithms. When examined by linear regression
analysis by the method of least squares, it was found
that the linear relationship between secretin con-
centration and time could be expressed by the equa-
tion used by Goldstein et al. (1968):

y = a + bx
where: y = the natural logarithm of the con-

centration (pg/mi);
a = the intercept;
b = the slope of the regression line;

and x = the time (minutes).
The correlation coefficient of the regression line was
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- 0 997 and its slope, - 0276 (Fig. 2). The dis-
appearance half-time was determined bydividingthe
slope of the regression line into 0-693 (the natural
logarithm of 2). The half-time of exogenously in-
fused natural secretin in these dogs was 2-48 minutes.

DISAPPEARANCE HALF-TIME OF ENDOGENOUS
SECRETIN
The mean basal secretin level in the six dogs was
112 ± 14 pg/ml. At the onset of duodenal perfusion
with HCl, levels rose rapidly to a mean value of
349 ± 98 pg/ml at 10 minutes, 368 ± 69 pg/ml at 15
minutes, and 470 ± 125 pg/ml at 20 minutes. The
levels at 10, 15, and 20 minutes were not significantly
different and, therefore, the mean of the values at
these three times was calculated and considered as a
plateau. The choker was then abruptly occluded and
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Fig. 3 Concentration of secretin in plasma before,
during, and after irrigation ofduodenum andproximal
jejunum with 0 1 N hydrochloric acid, 1.5 mEq/min,
for 20 minutes, followed by occlusion of veins draining
the stimulated area. Asterisks denote significant
elevations above basal (p < 005).
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Fig. 2 Regression line ofplasma secretin after a
constant infusion ofpure natural secretin, 1 5 U/kg
body weight.

secretin levels fell rapidly to 190 ± 33 pg/ml at 26
minutes and reached basal values by 32 minutes
(Fig. 3). When the postperfusion secretin concentra-
tions were plotted in a semilogarithmic fashion
against time, a linear relationship was again found;
the line had a slope of - 0-243 and a correlation co-
efficient of - 0-985 (Fig. 4). The disappearance half-
time was 2-85 minutes.

Discussion

The data from these experiments show that both
exogenous natural porcine secretin and endogenous
canine secretin are rapidly removed from the
circulation of dogs. The two half-lives calculated,
2 45 minutes for infused porcine secretin and 2-85
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Fig. 4 Regression line ofplasma secretin after occlusion
of veins draining secretin-releasing segment of bowel.

minutes for endogenous secretin, are in general
agreement with the half-time of 2-8 minutes for in-
fused secretin in three dogs calculated by Boden et
al. (1974) from radioimmunoassay data.

I~~~~~~~~~~~~~~~~~~~~~ I
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Bioassay methods of quantitating secretin, em-
ploying pancreatic secretory response, have shown
the disappearance half-time in the dog to be 3-2
minutes (Lehnert et al., 1969), in the cat 3-3 minutes
(Clark et al., 1967), and in the pig three to four
minutes (Hubel, 1972). In each of these investiga-
tions, either pure porcine or synthetic secretin was
infused to determine the half-life of the hormone.
Lagerlof et al. (1962) calculated the half-life of
secretin in man to be 17 minutes, as judged by pan-
creatic response.
The plasma secretin levels generated by infusion

of secretin or by duodenal perfusion with HCI are
greatly in excess of levels so far measured in physio-
logical circumstances, and this should be taken into
account when assessing the half-life times. Previous
work has shown the metabolic clearance rates to
vary with the dose of hormone administered and the
serum levels achieved (Clendinnen et al., 1973), but,
in the present investigation, secretin levels after in-
fusion of exogenous hormone were higher than after
release of endogenous secretin (632 ± 41 pg/ml
against 389 ± 56 pg/ml) and the Ti was slightly
shorter (2 45 minutes against 2-85 minutes).
By allowing the plasma concentration to reach a

near-plateau state before starting disappearance
half-time studies, we hoped to avoid errors due to
mixing phenomena occurring after termination of
the infusion or isolation of the secreting segment of
bowel.

Disappearance half-time measurements of each of
the different molecular forms of gastrin available in a
pure state are related to their molecular size: tri-
decapeptide gastrin (G-13-I, MW 1647, Ti = 1 8
minutes (Debas et al., 1974)); heptadecapeptide
gastrin (G-17-I, MW'2096, Ti = 2-1 minutes (Reeder
et al., 1972)); big gastrin (G-34-I, MW 3839, Ti = 9
minutes (Straus and Yalow, 1974), Ti = 15 minutes
(Walsh et al., 1974)). The disappearance half-time
of endogenous antral gastrin in dogs measured by
Thompson et al. (1975) was 8-6 minutes, which pre-
sumably represents the half-time of the mixture of
molecular forms of gastrin circulating in peripheral
blood.

Straus et al. (1975) subjected extracts of duodenal
mucosa to gel fractionation on columns of Sephadex
G50, and found two peaks of secretin immuno-
reactivity, one appearing in the same position in the
elution pattern as synthetic human secretin (27
amino acids), and a second peak appearing near the
void volume, suggesting the presence of a larger
molecular form of the hormone. These findings have
been extended by Boden et al. (1975) who fraction-
ated duodenal extracts by a similar method and
found a 'small' secretin, probably the 27-amino
acid form, a 'big' secretin, eluting between human

growth hormone and insulin, and also secretin im-
munoreactivity eluting in the void volume.

Pure natural porcine secretin (GIH) has been
shown to consist of one molecular form with 27
amino acids (Jorpes, 1968). The close correlation
between the half-lives of this hormone and endo-
genous canine secretin suggests that the hormone
released from the duodenum by mucosal acidifica-
tion and measured in the radioimmunoassay
of only one molecular form, or that the half-lives of
variant forms of secretin are similar to that of 27-
amino acid secretin (S-27), or that, for some reason,
our antibody does not recognize other forms of
secretin.
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