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Human Secretin

45 The action of synthelic human secretin, which dif-
ors in two amino acid residues from porcine
secretin, was compared with synthetic porcine
Ysecretin in 6 healthy volunteers: Pancreatic sccre-
% lion was assesscd by a marker perfusion technique
nd plasma secrctin concentrations were asscssed
v @ specific radioimmunoassay. Increasing doses
{ cither human or porcine secretin produced in-
reasing bicarbonate oulput {p < 0.01), whereas
trypsin and lipase were not stimulated over basal.
% The highest doses of secretin induced a significant
ncrease in pancreatic amylase secretion. The two
secrctin_preparations were found to bu equipatent
with respect to pancreatic secretion and plasma
\,_klnctics. Significant increases of plasma secretin
82+ wor observed afler a steak meal in 15 voluntecrs (p
< 0.001). When human secretin was infused at
i postprandial concentrations, significant increases
4 in pancreatic bicarbonate output were obscrved (p
e ¢ 1.05). We conclude (a) that the substitution of two
Gl }‘JS\ .amino acids in human secrctin doss not affect
biologic activity and plasma melabolism of the
compound; (b) sccretin does nut stimulate pancre-
alic enzyme secretion at physiologic concenlralions;
and (c) the stimulatory effects of secretin on pancre-
Yatic amylase remain to be elucidated. The study
suggests that human secretin is a true hormone.

he amino acid sequence of porcine seuretin was
first described by Mutt and Jorpes in 1966 (1).
Subsequent synthesis was achieved in the same year
by Bodanszky and coworkers (2). Some 15 yr later
secretin was isolated from two other specics, cow

group of Viktor Mutt succeeded in isolating and
sequencing the primary structure of human secretin
{4]. Human sccretin is composed of 27 amino acid
rosiducs. but differs {rom porcine secretin at posi-
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tions 156 and 16. These positions are Asp and Ser in
pig, and Glu and Gly in human secretin.

The biologic effects of human secrctin have not been
charactetized so far. Therefore, the present study. was . ...
designed to compare the biologic activity and the
plasma kinetics of synthetic human secretin with that
of synthelic porcine secretin in healthy volunteers.
Furthermore, an attempt is made to reevaluate the
effect ol scoretin on pancreatic enzyme secrotion, an
jssue that has remained controversial (3).

Materials and Methods
Peptides

Synthetic human secretin was purchased from Pe-
ninsula Laboratories (Balmont, Calif.). The peplde was
dissolved in 0.9% saline conlaining 0.5% human serum
albumin and prepared under aseptic conditions by thae
University of Basel Hospital Pharnucy. Vials wers slored
in ampoules of 40 ug secretin at ~20°C. Synthetic porcine
secratin {Sekretolin) was purchased from Hoechst Pharma
(Zurich, Switzerland).

Subjects

Six healthy male volunteers (nean age 24 = 1 yr,
mean weight 68 = 2 kg) with no history of gastrointestinal
disorders and no medication were studied. All subjects
gave written informed consent to the studies underisken,
The studies were approved by the local Ethical Humean
Research Committec.

Experimental Proocdure

Each subject was studied on different days and in
random order.

Rapid intravenous infusion. After an overnight
fust, B subjects received 125-ng/kg dosces of eithar synthetic
human or synthetic porcine secrglin, ecach peptide deliv-
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ared over a 15-s period. Blood samples were taken at
intervals of 1-15 min for plasma secratin radioimmunoas-
say.

Y Exocrine pancrectic secretion studies. After an
overnight fast, gastric and duodenal secretions were col-
locted os described previously (6). In brief, a multilumen
tube was positioned under fluoroscopic guidance with the
tip lying at the ligament of Treitz. Gastric and duodenal
gecretions were collected soparately and continuously in
15-min allquots, Polyethylene glycol (PEG) 4000 was
perfused into the duodenum (2 g/L at a rate of 2 mi/min} as
a nonabsorbable marker to correct fur intestinal volume
Josses. After basal secretions had been collected for 485
min. exocrine pancreatic secretion was stimnlated in each
volunteer with graded consecutive doses uf human or
porcine secratin, respactively (15.5, 82.5, 250 ng/kg - h
equaling 5, 20, 82 pmoltkg - h). Each dose was given for 45
min and only one peptide was studied on an experimental
day. The peptides were dissolved in 0.9% NuCl containing
0.1% human serum albumin {wt/vol). The doses were
chosen te produce threshold to near maximal pancreatic
sccretion {6). N

Two blood samples were obtained at buseline and two
further samples during the last 15 min of each dose of
secratin administration for plusma secretin measurements.
Blood was callected in ice-chilled ethylenediaminetatra-
acetic acid tubas cuntaining 5000 KIU aprotinin per § ml
blood. Samples were immediately centrifuged at 4°C and
the plasma was stored at —20°C untit assayed.

Secretory volumes were measured to the nearest milli-
litec: bicarbonate concentration of the duodenal juice was
meusured by the backtitration method (7), trypsin by the
method of Wiggins (8), amylase according to Rick and
Stegbauer (9), lipase by the method of Grenner et al. (10)
uging a commercial kit (a gift of Behring Werke, Zurich,
Switzerland), and PEG turbidimetrically (11)- [svamylase
activities were also measured in the duodenal aspirates
using an inhibitor assay (Boehringer, Mannhaim, F.R.G),
which uses a wheat pratein tu distinguish pancreatic from
salivary isoamylase (12). Polyethylena glycol served as a
volume marker to calculate the duodenal fluid secretion
for a given period by the following equation:

Vo= [F % {PEC) i/ PEG mgnl.

whare V is the calculuted duodenal volume (ml/15 min), I[F
is the flow of the PEG solution perfused (30 ml/15 min),
(PEG)per is the concentrution of the perfusate (2 g/L). and
PEG jnuus torTESpONds to the concentration of PRG in the
duodenal juice collected during 15 min. The recuvery of
the duodenal murker averuged 77% * 3% (mean = SEM]},
whereas the average percentuge of PEG recovered from the
stormach was <1%. The last twa 15-min periods during
basal secretian and during each dose of secretin were used
10 calculute outputs per minute in each volunteer.

Secretin Radiocimmunoussay

Secretin was measured as previously described (6)
and all measurements were done with antibody 20, This
untibody has been characterized previously (13) and was
shown in the present study to react equally with human
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Figure 1. Iphibition curves of synthetic porcine and synthatic
human secretin against binding of '¥%l-lubelad gyn-
thaetic porcine secrelin by antibody 20. Ratio of bound
to total labal is plotted against peptide concentration
{pM in assay tube).

and porcine secretin (Figure 1). The sensitivity of the agsay
was 0.8 * 0.02 pmol/L plasma. The intraassuy varfation
was <10% at 3.3 pmol/L. All samples were assayed in the
sgme ruli.

Cualculations and Statistics

Values from the three 15-min periads during basal
collection and during cach dose of stimulant wera aver-
aged anc| used to calculate output per 1% min for bicarbon-
ate (millimoles), trypsin (KIU), amylase (KIU), isoamylase
(KU}, o- lipase {milligrams}. Basal secretory values were
subtractzd to give ipcremental values. Dose-response
curves cf the two peptides were compared by calculating
the slop=s obtained by regression analysis in each subject.
Differen ces between slopes were tested by Student's t-tesl
for pairsd data according lo Elashoff (14). The relative
molar potencies of both secretin preparations werg com-
pared by computing the rotio of the doses required to
produce the same response. A 3-by-3 parallel line assay

was used (15) and statistical differences between potencies

were lested by one-way analysis of varlance.

Results
Pancrealic Secretory Responses

Pancreatic secretory fluid and bicarbonate
output in rcsponse to gradedidoses of cither syn-
thetic human or synthetic porciie secretin infusions
are depicted in Figure 2. Both peptides produced a
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#doso-dopendenl increase in fluid and bicarbonate
‘secretion. The dose-response curves of the two
-sectetin preparations were parallel and, in addition,
‘nearly identical (Figure 2). A significan! increase in
‘luid and bicarbonale output above {asting secretory

rates was already elicited with the lowest doses used

i (155 ng’kg - h) (p < 0.05). The concentration of
‘bicarbonate increased threefold with increasing

dases of both secretin preparations, which paralleled
increases in fluid output. The highaest doses of

" secretin did not produce maximal pancreatic bicar-

bonate secretion for either peptide.

Tho molar potencics of the two peptides with '
- rospoct to pancreatic fluid and bicarbonate scerclivn
.. wero then compared. The potency of synthetic por-
“cine scerotin was taken as the reference and assigned
“a potoncy of 1.0; the relative molar potencies of

synthelic human secretin with respect to pancreatic

. fluid and bicarbonate secretion were 1.04 (0.82~-1.49)

and 1.02 (0.84~1.40), respectively (95% confidence
intervals are given in parenthieses). The data demon-
strato that equimolar amounts of synthetic porcine
and synthetic human secretin produced responsns
that were almost identical. The characteristics of the
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fgure 2. Puncreatic fluid (left) and bicarbonsle (right) secretion in rosponse to intraveious infusfons of graded doses of either synthetic
porcine or synthetic human secretiv in 6 healthy volunteers, Fluid sczretion is dupicted as miltiliters per 15 min and
bicarbonate output as millimoles pur 15 min. Data are shown as mean = SEM.

responses {6 human secretin were in all respects
{volume, bicarbonate, amylase, trypsin, and lipase
outputs) similar to those with porcine secretin and
no statistically significant differences were found.
Figurc 3 shows the pancreatic enzyme responses
to graded doses of either porcine or human secretin,
Infusion of step doses of either secrotin produced
small increases in trypsin and lipase oulputs that
were not statistically different from basal values.
lHowever, bath sccretin preparations induced a sig-
nificant increase of amylase sccretion, but this in-
crease was only observed at the highest doses of
sccretin (250 ng/kg - h). The mean maximal amylase
secretion observed during the highest dose of secre-
tin was 35% for human secretin and 389 for porcine
secretin, conpared with a maximal dose of caerulein
(25 ng/kg - h) combined with secretin (50 ng/kg - h).
Salivary isvamylase was detected only in one test: in
two 15-min aliquots we measurcd ispamylase con-
centrations that amounted to 15% and 29%, respec-
tively, of lotal amylase outpul in these periods. The
contribution of salivary isoamylase to tatal amylase
output was therefore insignificanlt, suggesting that
the increass in amylase outpul in response to the
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highest dose of secretin was due to increased pan-
creatic amylase secretion.

Plasma Secretin Concentrations

Fasting plasma gecretin-concentrations were
comparable in the different éxperiments (2.4 + 0.8
pmol/L for human secretin and 2.7 = 0,8 pmol/L for
porcine secretin). Exogenous porcine or human
secretin produced dose-dependent increases in
plasma sccretin concentrations (Table 1). The corre-
lations between secretin doses infused and plasma
secretin levels were as follows: y = 1.71 x — 54.5 (r
= (.89, p < 0.001} for human secretin and y = 1.26
x — 36.7 {r = 0.91, p < 0.001) for porcine socretin.
No statistical difference could be detected hetween
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Figure 3. Pancreatic enzyme responses during infusion of graded
doses of porcine and human sacratin. n = 6. Data are
shown ug mean = SKKM.
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Table 1. Incremental Plasma Secretin Concentrations
in Response to Graded Doses of Either
Synthetic Porcine or Synthetic Human
Secretin in 6 Healthy Volunteers

Increment In plasma sacretin levels

Dase of gsacretin Humean secretin Porcine secretin

(ngrkg - h) (pM) (pM)
16.8 1.7 £ 0.4 2.0 x 0.9
62.5 15.1 = 0.8 17.7 = 2.7

250 330.2 = 41.0 2684.0 = 14.1

For each volunteer, the incrernental value (the increase over basal)
reprasents the average of two plasma samples taken at the end of
each dose.

the two curves. The data were used to calculate
melabolic clearance rates of hoth secretin prepara-
lions. Tho metabolic clearance rates were deter-
mined as follows'

MCR = Secrotin infused per minute ,

Mean plasma secretin

where MCR is the metabolic clearance rate and mean
plasma secretin is the mean value of the two samples
taken at 120 and 135 min. The mean (+SEM) meta-
bolic clearance rate of human secratin amounted to
13.5 = 1.7 ml/min. kg and the mean metabolic
clearance rate of porcine secretin was 14, 8 x 07
ml/min - kg, giving almost identical responses.
Plasma secretin concentrations measured after
rapid inlravenous injections of human and porcine
secretin are shown in Figure 4. One- and two-compart-
ment models were fit to decay curves, but somewhat
better results were obtained with the one-compait-

ment model, as attempts to fit a two-compartment -

mode! failed in 2 of 6 subjects becausa of lack of the
iteration procedure. When weights inversely propor-
tional to the secretin levels were used, the one-com-
partment mode! gave half-lives of 2.83 + 0.52 min
for human secretin and 2.84 = 0.62 min for porcine
secretin (mean * SEM).

Far comparison, plasma secretin concentrations
were moasured after a steak meal in 15 volunteers
The meal consisted of 200 g of sleak, 150 g of
potatoes, a salad, and 3 d! of applo juice. No sus-
tained increase of plasma secretin was observed, but
secretin release occurred in spikes confirming our
previous observations with a liquid meal (6), The
muximal postprandial secretin release over basal
levels amounted to 2.6 £ 0.5 pmol/L (p < 0.001,
mean x SEM),

Discussion

The results of the present study indicate that
the biologic activity of synthetic human secretin is
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1y MO/RL Y GItZving Hecee NETRTIE vather carplex: Ihe riesulls
Confirm aar pres s abservations that secratin does

J not stimulate lr)pxm oulpuls avet basal fevels in
humans. Furthermore, we did nut see an increase in
. . 4 PORCINI SLCRLIIN llpase secrotion. which s in agreemeont with
' Niederau et si. (19). but at variunce with the results
of Cullo ¢t &b {201, whou in their study on pure
pancreatic juice obscrved a significant increuse in
lipase secretion in respanse to higher doses uf
secretin. On the other hand. we obscrved a signifi-
cant increase in amylase secretion lar both human
and porcine sccretn. but anly at the highest dose
administered (250 ng/kg - hi. Amnylsse. however, was
not measured by Gullo et al. ft could be argued that
4 contamination of duodenal aspirates with salivary
isoamylase caused the increase in amylase output, as
salivary ainylase was found in duodenal juices after
hormonal or meal stiinulation in 8 variety of studies
(21-23). This possibility would be supported by the
fact that high doscs of intravenous secretin inhibit
o 0 20 30 so gastric acid secretion (24), which could prevent
inactivation of the salivary amyluse (21). In the
above study, selivary amylase was present only in
Figure 4. Disappearanca of imaunoreactive satrutin after rapid trace amounts. muking it unlikely that the significant
intravanous bolus infusions of 125 mykg ol synthetic increase fn duodenal amylase output was due to
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jects. Points are mean values obtained after subtroction

of busal values. Thus, the question whether secratin does stimu-
late pancreatic secrction remalns controversial and

represents an issuc beyond the scope of this paper. If
equivalent to that of synthetic porcine secretin on an ever secretin induces enzyme release. it is cane.mly a
equimolar basis. This equivalence applies to pancre: pharmacologic eveut (6,19.25-27}. s
stic.gecretory responses as well as‘to immunaoreac- In conclusion, the present study hus s_'ovhs xh:st
m&plasma'seozwnconcemmlxonsrwh:ch showsdra- - -syntheuohumsmmbd\synmmmme\seb
“ néarly identical time-course of plasma levels. Fur-  equipotent on a molar basis ‘and displey ldeug)pal
thermore, the calculated plasme half-lives agrced  plasma kinetic characteristics. These ﬁndm gstabd
extmmely well with each other and with values for - - lish that hu.man secretin s 8 trug-hormone: {
synthetic porciné secretin obtained” previously (16 “more, bqth seqm(m prepartmo:w‘mduced'
- i¥ffa different group of voluntotrs: hi"our laborafory ' : TEOHS
The results are-lny the"same order of magnitude 1223
min)’ ‘reported by other groups for porcine secretin
preparations in hunmans (17.18}.
Thé present study shows that low duses ol exoge-

_',deses of; sex:tetxn ‘but no changeﬁ: : Looty 4
Sutputs, respectively. The Mgn{ﬂcence of  these
servations remains to bc defined.
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