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Plasma Secretin Concentrations in Fasting and Postprandial.

States of Normal Korean Subjects
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INTRODUCTION

The history of pancreas physiology and
secretin goes back to the last century. Stimu-
lation of the exocrine pancreas by intraduo-
denal acetic acid was reported as early as
1825 by Lauret and Lassaigne. In 1902, Bay-
liss and Starling showed that infusion of
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hydrochloric acid into a denervated jejunal
loop of an anaesthetized dog stimulated sec-
retion of juice from the panceas. The stimu-
latory factor was named secretin which was
the first hormone to be discovered. With this.
discovery of secretin the entire study of
endocrinology began, in a sense, although
half a century passed before the implications.
of gastrointestinal (GI) hormones in health
and disease were realized.

In 1961, Jorpes and Mutt successfully puri-.
fied secretin from porcine small intestine as
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@ 27 amino acid polypeptide and soon deter-
mined its amino acid sequence (Mutt et al.,
1965), Synthesis of the hormone was achie-
‘ved by Bodanszky and collaborators(1965).

Although an early attempt at a radioim-
‘munoassay for determination of secretin in the
blood was reported (Young et al.,, 1968), it
‘was only 1973 when a couple of groups started
‘measuring secretin in body fluids with any
success (Bloom & Ogawa, 1973; Boden & Chey,
1973). In recent years the sensitivity of the
assay has improved to such a level that the
very low amounts of secretin present in the
systemic circulation can be detected (Fahren-
krug et al.,, 1976; Tai & Chey, 1978). Plasma
immunoreactive secretin concentration was
well known to increase in response to duode-
nal acidification in man(Boden & Chey, 1973;
Bloom & Ward, 1975; Chey et al., 1975;
Rayford et al., 1976; Fahrenkrug & Schaffa-
litzky de Muckadell, 1977: Hanssen & Torje-
sen, 1977) and in dogs (Boden et al., 1974;
Lee et al., 1976; Rayford et al, 1976; Chey
et al., 1979). On the other hand, it has only
recently been observed that a significant
increase of secretin level occurs in the circu-
lating blood after ingestion of a meal in man
(Chey et al., 1978; Pelletier et al.,1978; Sch-
affalitzky de Muckadell & Fahrenkrug, 1978;
Rominger et al., 1981) and dogs(Kim et al.,
1979; Gyr et al., 1984). However, circulating
secretin value has not been yet documented
by means of sensitive radioimmunoassay in
fasting and postprandial states in Korean
subjects.

The study therefore that we report here
was designed to investigate plasma secretin
concentration before and after ingestion of
various test meals in normal Korean subjects.

MATERIALS AND METHODS

Subjects: The subjects in which we studied
included 20 normal healthy adults(17 males
and 3 females) with ages ranging from 20 to
44 years and with a mean age of 26, Twelve
subjects(10 males and 2 females) of them
ingested a hamburger and a rice meal at an
interval of a week to investigate effect of
protein meal on plasma secretin concentration.
In the remaining 8 subjects a sucrose solution
and a physiological saline were ingested at
an interval of a week.

Blood Sempling: After 15 hours of fasting
each subject ingested test meals. One group
(N=12) ingested a hamburger meal consisting
of 150 g of cooked ground beef, 2 slices of
white bread, 180 ml of milk and 50 g vegeta-
bles(protein 44, 1g, fat 12g,
33.8¢g), and the rice meal consisting of 250 g
of boiled rice, 50 g of vegetables and 180 ml

carbohydrate

of barley tea(protein 6.8g, fat 0.5g, carbo-
hydrate 80,5g). The other group (N=8)
ingested a 300 ml of 10% sucrose solution and
a 300 ml of physiological saline. Serial blood
samples were obtained for 30 min in the fas-
ting state and 90 min after ingestion of the
test meal at 15-min or 30-min intervals.
Blood samples were drawn from the forearm
through a needle for pediatric scalp vein
placed in a vein and were kept in heparinized
tubes in ice. Plasma was separated by refri-
gerated centrifugation(4°C) for 15min at
1,500 g, and Trasylol(FBA Pharmaceuticals,
N.Y.) was added to the plasma in a concen-
tration of 500 KIU/ml of plasma. The plasma
was kept frozen at —20°C for future assay.
Radioimmunoassay (RIA) of Plasma Secre-
tin: Plasma secretin concentration were deter-

mined by the radioimmunoassay method
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(Chang & Chey, 1980) with light modifica-
tion. The method was as follows.

Prior to RIA, secretin was purified and
concentrated from plasma by ethanol extrac-
tion (Schaffalitzky de Muckadell & Fahren-
krug, 1977). The extraction with ethanol was
carried out by mixing thoroughly 2 ml of the
plamsa with 2ml absolute ethanol and pla-
cing it in an ice bath for 20 min before cen-
trifugation at 1,500¢ for 20min to pellet
precipitate. An additicral 6 ml of ethanol was
then added into the same tube and mixed
gently with supernatant without disturbing
the pellet, and the mixture is allowed to stay
in the ice bath for another 20 min and cen-
trifuged again for 20min at 1,500g. The
final clear supernatant is then decantated
into another test tube and dried at 40°C un-
der a stream of air, and stored at —20°C
before assay. Extract of hormone-free plasma
samples in 2ml alone or containing known
amounts of authentic secretin(10, 15, 25, 50
and 100 pg/ml), and a control plasma sample
should be included for construction of stan-
dard curve, determination of recorvery factor,
intraassay and interassay variations, respecti-
vely. Immediately before assay the extract
was reconstructed in 1mi 0,05M sodium
phosphate buffer, pH 7.0 containing 0.5%
bovine serum albumin(BSA) and 0, 02% NaN,.

Synthetic porcine secretin was iodinated
with *%°] (Amersham, England) by means of
a modified chloramine T method of Tai and
Chey (1975). Synthetic
dissolved in 104l of 0.4M sodium acetate

secretin(5 ¢g) was

buffer, pH 5.6 and stored in a aliquot at
—60°C, To the secretin aliguot(5 pg/10 ),
30l of 0.5M sodium borate buffer at pH
8.0 and 2041 of Na'?I (2mCi) were added
and immediately followed with 5ul of 5mg/
ml chloramine T (in 0, 05M borate buffer, pH

8.5). After 2min at room temperature(23°
C), the reaction was terminated by adding
20 ul of sodium metabisulfite(0. 5 mg) in the
0.05M borate buffer, pH 8.0, The final
mixture was diluted 1min later with 1004l
of 0.01 M sodium phosphate, pH 7.2 contai-
ning 0.5M sucrose, 0.05M KI, 1,0% BSA,
0.02% NaN, and 50 zg/ml of protamine, and
applied onto a 10ml column of a mixture of
Sephadex G15/G50, fine(7/3,
in a 10 m! disposable pipet and equilibrated

w/w) packed

in 0.05M scdium borate, pH 8.5 containing
0.08M NaCl, 0.5% BSA and 0.02% NaN,.
The column was eluted with the same buffer
and fractions of 0.3 ml were collected. Radio-
activity was monitored by counting 10zl for
0.2min, The
counts higher than 2X10°(per 10 /0. 2 min)
were pooled and diluted with 5 volumes of
0.02 M scdium phosphate, pH 5.5 containing
0.5% BSA and 0.02% NaN,, and chromato-
graphed cn a column of SP-Sephadex C25(10
ml bed) previously equilibrated with 50 ml

128].cecretin fractions with

of the same phosphate buffer containing 0, 02
M NaCl(starting buffer),
washed with 50 ml of the starting buffer and

The column was

then eluted with a gradient of 90 ml each of
the starting buffer in the mixing reservoir
and the diluting buffer containing 0,2M Na-
Cl in the other. Fractions of 3.5ml were
collected from the beginning of the sample
application. The fractions with peak immuno-
reactivity were stored frozen at -20°C,
Since the tracer is stable for 6 weeks when
stored at —20°C, secretin was routinely iodi-
nated every 6 weeks and rechromatography
was biweekly carried out.

Rabbit anti- (synthetic) secretin serum (R-
1-5) was kindly donated by Prof. Chey(Roc-
hester, N.Y.) (Boden & Chey, 1973).

Hormone-free plasma was prepared by tre-
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ating pooled plasma from healthy subjects
with dextran-coated charcoal as below. Char-
coal (90 mg/ml) was first suspended in a
solution of 0, 05M Tris-HCl, pH 7.8 contain-
ing 0.1% BSA and 9mg/ml dextran(M.W.=
79, 400) stirred gently for 2hr at room tem-
perature. Fcr each volume of plasma, 1/2
volume of dextran-coated charcoal was filtered
(Whatman No. 42 filter paper) to obtain solid
charceoal. The solid charcoal was mixed with
pooled plasma and then stirred gently for 2
hr at room temperature. The hormone-free
plasma was then separated from the bulk of
charcoal by filtering three times through
Whatman No. 42 filter paper, followed by
filtration through 5uxm and 0.2 um Milipore
membranes to remove fine charccal particles.
The hormone-free plasma was dialyzed again-
st saline(five volumes, 6 changes over 48
hr) after adding Trasylol to final concentra-
tion of 500 KIU/ml, The hormone-free plasma
was kept at —20°C,

Standard secretin was prepared from syn-
thetic secretin at 5, 10, 15, 25, 50, 100, 150,
250, 500 and 1,000 pg/ml in 0,05M sedium
phosphate buffer, pH 7.0(diluting buffer)
containing 0.5% BSA, 0.02% NaN,, 50 g/
ml protamine-free base and 500 KIU/ml Tra-
sylol, and stored in 0,5 ml aliquots at —60°C.

During assay, the unlabeled secretin(i.e.,
standards or unknown sample) was incubated
first with antibody in a final volume of 1.5
ml consisting of 0.4 ml of reconstituted etha-
nol extract of hormone-free plasma (for stan-
dards), recovery standards or unknown sam-
ples; 0.2ml of standard solution or diluting
buffer (for unknowns), 0.9 ml diluted antise-
rum(l : 107%), in 0.05M sodium phosphate
buffer, pH 7.0 containing 0.1% BSA, 0.02%
NaN,, and 875 KIU/ml Trasylol. After 48 hr
at 4°C, 0.2 ml of '*I-secretin(approximately

:A199 Al 23 1985—

5,000 cpm) diluted in the reconstituting buffer
is then added and incubated for another 48.
hr. All samples were assayed in duplicate
including blanks from each individual subjec--
ts. Separation of bound and free counts was.
achieved by adding 0.4 ml dextran- and plas-
ma-ccated charccal suspensions and centrifu--
gation, and both bound (supernatant) and free-
(pellet) tracers are counted. The charccal
suspension used was prepared by mixing 1.
volume of dialyzed hormone-free human plas--
ma, 1 volume of saline and 2 volumes of
dextran-coated charcoal suspension (90 mg/ml).

All data were calculated via computer pro-
grams loaded to a HP-97 calculator (Hewlett-
Packard), All bound to total ratio of tracer
counts were corrected for corresponding blank.
values. A straight-line standard curve was.
fitted by the method of unweighted least:
squares to the logit transform function of B/
Bo plotted against the logarithm of the con-
centration of added standard secretin (Campfi-
eld, 1983). The logit transform function was.

defined as follows:

logit (B/Bo) =10g< B/Bo )

"1—-B/Bo

where B is the bound to total ratio of each
sample and Bo is the same ratio obtained in
the absence of standard secretin. The regres-
sion correlation coefficient of the standard
curve was usually greater than 0, 99. A correc-
tion factor for recovery of secretin from
samples was determined in each radioimmu-
noassay by measuring the recovery of syn-
thetic porcine secretin added to hormone-free
plasma at four different ccncentraticn, 30,
50, 100 and 200 pg/ml, The average recov-
ery was 59.5x10.6% (M*S.D., n=13) with
a range of 45~74%. The intraassay precision
was expressed by the ccefficient of variaticn
of duplicate determinations and was found to
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Fig.€1, A standard curve of secretin RIA conduc-
ted in ethanol extract of hormone-free
plasma. Ratio(B/T) of antibody-bound (B)
to total (T) labeled secretin is plotted
against the concentration of unlabeled syn-
thetic secretin. Right upper figure shows
a expanded part of the standard curve.

be 3.6% at 30 pg/ml (n=10). The reproduci-
bility, or the interassay precision was calc-
ulated as the coefficient of variation of mean
of duplicate determinations of a pooled rec-
orvery standard, extracted and assayed on
different days. The interassay precision was
14,6% at 30 pg/ml in 7 consecutive assays.

Analysis of Data: The results were expres-
sed as a mean+1 S.E. and analyzed statisti-
cally by Studient’s t test. P values equal to
or less than 0. 05 were considered statistically
significant.

RESULTS

Standard curves for secretin RIA were con-
ducted in buffer containing ethanol extract
of charcoal-treated hormone-free human plas-
ma. A typical standard curve was shown in
Fig. 1.
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or a rice meal in 12 healthy subejcts.
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A: Significantly different from fasting
value (t test),

Fig. 2,

In 20 healthy subjects, fasting plasma sam-
ples were obtained at 15-min intervals for
30 min before the subjects were fed. The
mean fasting plasma secretin concentrations
at each period in subjects were less than 10
pg/ml

The postprandial plasma secretin concen-
trations at 15, 30, 45, 60, and 90 min after the
ingestion of a hamburger meal were 14,51+
1.3(M+S.E.) 13.4-+1.0, 13.9£1.5, 15.5%
2.6, and 12.2+1.1 pg/ml, respectively, in 12
subjects(Fig. 2). These all postprandial sec-
retin concentrations were significantly higher
than the mean fasting value, 8,7+0.9 pg/ml

(p<0. 05—0.01).
secretin concentrations after ingestion of a

The postprandial plasma

rice meal tended to increase compared with
the mean fasting concentration in the 12 sub-
jects(Fig. 2). The postprandial value, 13,4+
1.8 pg/ml, at 30 min after the rice meal was
significantly higher than the fasting value,
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Fig. 3. Mean plasma secretin concentration in
response to ingsstion of a sucrose solution
or a physiological saline in 8 healthy
subejcts. Vertical graduations represent 1
S.E.

A: Significantly different from fasting
value (t test).

Y: Significantly different
value (t test),

from saline

8.4+1.6 pg/ml (p<0.05). As shown in Fig. 2,
the mean postprandial secretin level after
the ingestion of the hamburger was greater
than the level in response to the rice meal
at every time point of sampling. At 60 min
after the ingestion of the hamburger, the
secretin level was almost significantly higher
than the level of the rice meal(p=0.053).
After 60 min the postprandial secretin level
in response to the rice meal returned to the
fasting secretin level, Whereas the secretin
level did not return to the fasting level until
90 min after the ingestion of the hamburger
meal.

Plasma secretin concentrations before and
after the ingestion of a sucrose solution or a
physiological saline in the remaining 8 subjec-

ts were depicted in Fig. 3. The plasma sec-
retin levels increased from 7.54-1,8 pg/ml in
the fasting state to 13.8+2.0, 13.1x2.2,
13.842.3, 9.6+2.0, and 12.2+3.0pg/ml at
15, 30, 45, 60, and 90 min ater the ingestion
of the sucrose solution, respectively. After
15min and 45 min the increases in the secre-
tin levels were statistically significant(p<
0.05). After 60 min the postprandial secretin.
level almost returned to the fasting level.
On the other hand, after the ingestion of the:
physiological saline the mean postprandial
secretin levels were not significantly changed
from the fasting levels. The mean postpran-
dial secretin concentration 60 min after the
ingestion of the sucrose solution was signifi-
cantly higher than that of the physiological
saline (p<0. 05).

DISCUSSION

In the present study, fasting plasma secre-
tin concentrations were generally less than
10 pg/ml in normal Korean subjects. This low
value was obtained by the elimination of an
interfering substance in plasma and compara-
ble to the fasting plasma secretin levels obta-
ined from the Caucasian race(Fahrenkrug &
Schaffalitzky de Muckadell, 1977; Chey et
al., 1978; Hanssen et al., 1978; Rominger et
al., 1981). The elimination of the interfering
substance was achieved by the ethanol extrac-
tion of the plasma before secretin RIA pro-
cedure (Hanssen & Torjesen, 1977; Schaffalit-
zky de Muckadell & Fahrenkrug, 1977). It
therefore appears from the results of this
investigation that there is not any significant
difference between the Caucasian race and
the Korean race in the release of secretin in
the fasting state.

After ingestion of a protein meal, a ham-
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Table 1. Comparison of published mean(or M--S.E.) plasma(or serum) secretin concentrations(pg/ml)
in fasting state or postprandial state after ingestion of a standard protein meal in various

subjects

Authors Subjects Fasting Postprandial
Lee et al.(1976) dog 124~127 (n=10) Not changed
Rhodes et al.(1976) human 38.6 (n=9) Not changed
Fahrenkrug et al.(1977) pig 16.8+8.6 (n=4) Not changed
Fahrenkrug & Schaffalitzky human 4.011.2 (n=7) Not changed

de Muckadell(1977)
Thompson et al. (1978) dog 80+12 (n=7) 129+13 T

Tat 20519 (n=12) 265+20(n=12) 1

Pelletier et al.(1978) human 10.5+1.43 (n=10) 13.741.82
Hicki et al.(1978) human 7.6411.04 (n=9) 15.612.05 T
Chey et al.(1978) human 4.4+0.38 (n=13) >6 T
Schaffalitzky de Muckadell human 5.5(2.4~9.2) (n=7) 11.0(7.9~20.8) 1

& Fahrenkrug(1978)
Kim et al.(1979) dog 5.620.9 (n=38) 55(peak) 1
Rominger et al.(1981) human 6.7310.5 (n=26) >10 1
Gyr et al. (1984) dog 4.0F1.5 (n=15) ca. 9~30 1

1 : Significant increase from fasting value

burger, mean plasma secretin concentration
significantly increased compared with mean
plasma secretin concentration in the fasting
state. Similar observations in man were alre-
ady accomplished by Chey and his colleagues
(1978), Hicki et al.(1978) and Schaffalitzky
de Muckadell & Fahrenkrug(1978) during the
postprandial period after the ingestion of a
protein meal(Table 1). As shown in Table 1,
the postprandial increases in plasma secretin
concentration were also approved in dogs and
rats. Meat meal is the staple fcod of the
Caucasian race, while rice meal is that of the
Korean race. In spite of this difference of
dietary life, it seems that there is not any
significant difference between the two races
in the endogenous release of secretin during
the postprandial period after the ingestion of
a protein meal as well as in the fasting state.

In our investigation, plasma secretin con-
centration also increased during the postpran-

dial period after ingestion of a carbohydrate
meal, a rice meal, or a sucrose solution. The
magnitude of the increase in the postprandial
plasma secretin concentrations was somewhat
lesser than that after the hamburger meal.
These results indicate that the ingestion of
the carbohydrate meal or the sucrose soluticn
might have a facilitatory effect cn the endc-
gencus of release secretin in the Korean sub-
jects. However, the effect seems to be wea-
ker than that of the protein meal. Although
the increase in the release of endogenous
secretin after the ingesticn of the rice meal
has not been yet reported in the Caucasian
race, some observations in respconse to a glu-
cose solution were reported. Even if the met-
hod of secretin RIA was somewhat less sen-
sitive, Young et al. (1968) and Chisholm et
al. (1969) each of them observed the increase
in serum secretin level in man after an oral
ingestion of a glucose solution. While the
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secretin levels were reported not to bech-
anged by an intraducdenal infusion of the
glucose in man (Fahrenkrug & Schaffalitzky
de Muckadell, 1977) and in pigs(Fahrenkrug
et al., 1977) or a sucrcse in dogs(Boden et
al., 1975). It is likely that differences in
the administraticn route of the test meal
resulting from the oral ingestion and the
intraduodenal infusion may have produced
the discrepancy. The reason why the diffe-
rence produced the discrepancy was that the
oral ingestion added the cephalic phase and
the gastric phase to the mechanism of gastric
acid secretion in the intraduodenal infusion.
Therefore, it is inferred from our results and
others that the ingestion of the carbohydrate
tends to facilitate the endogenous release of
secretin during the postprandial period but
its intraduodenal infusion may not contribute
to the release.

As described above, we cbserved in the Kor-
ean subjects through this study that ingestion
of a protein meal resulted in a significant
increase in the plasma secretin concentration,
indicative of an increased release of endoge-
nous secretin. The magnitude of increase in
the plasma secretin concentrations during the
postprandial period was greater after the ham-
burger meal than after the rice meal or
after drinking of the sucrose solution. After
ingestion of a meat meal, Malagelada et al.
(1977), Chey et al. (1978) and Kim et al.
(1979) already observed that pH in the pro-
ximal duodenum which remained above 6.0
in the fasting state decreased below 4.5 inte-
rmittently, and concluded that more acid
was indeed delivered to the duodenum during
the postprandial period. It has been well
established that the endogenous release of
secretin from the duodenum occurs specifically
to hydrogen ions delivered to the duodenum

(Boden et al., 1974; Chey et al., 1974; Boden
et al., 1975; Chey et al., 1975). It therefore
could be concluded that the acid delivered to
the ducdenum was very attributable to the
endogenous release of secretin during the
postprandial pericd after the ingestion of the
protein meal or the carbohydrate meal. More-
over, it looks like that the endogenous release
of secretin after the ingestion of glucose or
sucrose may be attributable to the acid deli-
vered to the duodenum rather than the gluco

se itself in the duodenum.

In our laboratory, the release of gastrin
was recently reported to increase during the
postprandial period after the ingestion of the
rice meal as well as the hamburger meal
(Kim et al., 1981 & 1982). These observations
suggest that the ingestion of the rice meal
as well as the hamburger meal enhance the
secretion of gastric acid. However, further
experiments are needed because acidity or pH
of the duodenal content has not been measured
during the postprandial period after the meals
in the Korean subjects.

SUMMARY

This study was conducted to investigate
fasting plasma secretin and postprandial sec-
retin concentrations after ingestion of a pro-
tein meal or a sucrose solution in 20 healthy
Korean subjects.

In 12 subjects, ingestion of a protein meal,
hamburger resulted in a significant and sus-
tained increase in the mean plasma secretin
concentrations, from mean fasting levels of
less than 10 pg/ml to 12~16 pg/ml, and the
mean plasma secretin concentrations, 9~13
pg/ml, after a rice meal increased significan-
tly but transiently compared with mean fas-

ting levels. The magnitude of postprandial
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increase in the plasma secretin concentration
after the hamburger was greater than that
of the rice meal. In the remaining 8 subjec-
ts, drinking of a sucrose solution resulted
also in a significant but transient increase in
the mean plasma secretin concentrations,
from mean fasting levels of less than 10 pg/
ml to 10~14 pg/ml which were significantly
greater than that after a physiological saline.
Significant increase in the plasma secretin
concentration was not cbserved during the
postprandial period after the physiological
saline.

It is inferred from the above results that
the plasma secretin levels increase significan-
tly after ingestions of a carbohydrate meal
as well as a protein meal in the Korean race.
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