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A B S T RA C T To study possible physiologic relation-
ships between somatostatin and the gastric interdiges-
tive contractions (GIC), gastric motor activity, and
plasma somatostatin-like immunoreactivity (SLI) con-
centration were determined simultaneously in four
conscious dogs, each of which was studied on two sep-
arate occasions. Plasma SLI level was highest during
the GIC period and lowest 60 and 80 min after the
cessation of the GIC; the mean difference in plasma
SLI was 41+6 pglml. When synthetic motilin, a known
stimulus of GIC, was infused at a physiologic rate
during the period in which plasma SLI levels were low,
SLI rose to approximately the same values observed
during the contraction period and GIC similar to those
that occur spontaneously were observed. When syn-
thetic somatostatin, a known inhibitor of endogenous
motilin release, was infused at a rate that raised the
plasma SLI to approximately the levels observed dur-
ing the contraction period (0.1 gg/kg per h), the ap-
pearance of the subsequent GIC was significantly
delayed.

These results are consistent with a physiological
role for somatostatin in the regulation of GIC in dogs
and suggest an interrelationship between motilin and
somatostatin.

INTRODUCTION

In the fasted state the human (1, 2) and canine (3-5)
gastrointestinal tract exhibits a type of motor activity
called the "interdigestive contractions" or "phase
III" of the interdigestive myoelectric complex. The
contractions are observed only in the conscious state
and occur after a post-prandial interval the length of
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which depends upon the amount and nature of the
food (6). They have a fixed duration and they recur
at regular intervals (3, 4). Duodenal interdigestive
contractions occur simultaneously with those of the
stomach and migrate aborally along the small intestine
to the terminal ileum (3, 5).

Somatostatin in pharmacological doses has been
reported to inhibit the regular occurrence of the con-
traction in the stomach and upper intestine, but not
in the lower intestine (7), but the physiological role
of the somatostatin, if any, on the gastric interdiges-
tive contractions has not been studied.

The purpose of the present study was to look for
evidence of a physiologic relationship of somatostatin
to the gastric interdigestive contraction (GI).1

METHODS
10 mongrel dogs weighing 12-17 kg were used in the
present study. Laparotomy was performed under pentobar-
bital anesthesia (30 mg/kg). A strain gauge transducer was
sutured on the serosal surface of the gastric antrum, so as to
record the circular muscle contractions. Two silicone catheters
(OD = 2.2 mm, Dow-Coming Corp., Midland, Mich.) were
implanted. One was inserted through the extemal jugular vein
to the superior vena cava and was used for blood sampling;
the other was threaded through the femoral vein to the in-
ferior vena cava and was used for infusion (8). All surgical
procedures were done under sterile conditions. The outer
pieces of the lead wire and the tubing were shielded from
scratching and chewing by a canvas protector. The precise
details of construction and implantation of the transducer
have been reported previously (9).

The lead wire of the transducer was plugged into the strain
gauge coupler (MTT Co. Ltd., Takasaki, Japan). The output
of the coupler was put into the main amplifier of a physio-
graph (Narco Bio-Systems, Inc., Houston, Tex.), which was
generously loaned by Dr. C. T. Richardson and Dr. M. Feld-
manof the Gastroenterology Section, Veterans Administration

' Abbreviations used in this paper: GIC, gastric interdiges-
tive contraction; SLI, somatostatin-like immunoreactivity.
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Medical Center. Motility of the stomach was traced by the
pen-writing oscillograph of the physiograph with a paper
speed of 1.5 or 0.15 cm/min.

Dogs were kept on a constant feeding schedule and were
not used for more than two experiments per week.

A group of four dogs was used for experiments designed
to examine the relationship between plasma levels of endog-
enous somatostatin and the GIC. Blood samples were ob-
tained at 5-min intervals during at least two consecutive
GIC on separate occasions.

Another group of five dogs was used to observe the effect
of exogenous somatostatin on the intervals of GIC. Synthetic
cyclic somatostatin (a gift from Dr. Jean Rivier, Salk Insti-
tute) was infused at a rate of 0.1 ,ug/kg per h. Either soma-
tostatin or saline was infused beginning at 40 min after the
GIC had stopped and continued until the next GIC was com-
plete. Blood samples were not collected in these initial ex-
periments that were intended only to identify a biologically
effective dose of somatostatin.2 Time intervals from the end
of the previous GIC to that of the next GIC were measured
and were compared with those observed during the infusion
of saline or somatostatin. Exogenous somatostatin infusion
was discontinued when a GIC appeared. If no GIC ap-
peared, somatostatin infusion was stopped after 240 min,
which is twice as long as the interval between GIC in the
saline control study.

The third group of four dogs was used to examine the
effect of exogenous motilin (a gift from Dr. H. L. Beyerman,
University of Delft, The Netherlands) on the levels of endog-
enous somatostatin-like immunoreactivity (SLI) in the
quiescent phase during the interdigestive period. An in-
fusion of synthetic motilin was started 40 min after the cessa-
tion of the GIC and continued for 40 min, and blood samples
were taken at -5,0, 5, 10, 15,20,25,30,35,40,45, 50,55, and
60 min. A few samples were also taken during the GIC.

Blood samples were collected in chilled tubes containing
6 mgof EDTAand 500 kallikrein inhibition units Trasylol/ml
of blood and centrifuged immediately at 2,500 cpm for 30
min. Plasma was separated and stored in a freezer at -200C
until the time of assay. Somatostatin was measured by a
modification (10) of the methods of Kronheim et al. (11) and
Arimura et al. (12). This procedure has been validated for
use in unextracted dog plasma (13-15).

In eight experiments motor tracings were subdivided into
20-min periods to facilitate the study of plasma SLI levels
during the various phases of gastric activity. The period of
interdigestive motor activity ("period 0") was defined as the
20-min period ending at the point of cessation of the gastric
interdigestive contraction. Each 20-min period immediately
after period 0 was numbered from 1 to 6. Additional periods
were examined to determine the effect of initiation of GIC
on plasma SLI levels. The 20-min period immediately be-
fore the beginning of GIC was designated "period X" and
the 20-min period immediately after the initiation of GIC
"period Y". The mean SLI value in each time period was
compared with every other period. An example of this sys-
tem of subdivision appears in Fig. 1.

2 After it had been established that 0.1 ,ug/kg per h was
effective in delaying the onset of GIC, the concentration of
plasma SLI produced by somatostatin at this rate of infusion
was determined in three of the same group of dogs. Blood
samples were obtained at -15, -10, -5, 0, 5, 10, 15, 20, 25,
30, 35, and 40 min and synthetic cyclic somatostatin was in-
fused from 0 to 40 min starting at 40 min after the cessation
of the GIC in two experiments in each of three dogs. A few
samples were also obtained during the contraction period and
compared to the SLI level during the infusion.

Gastric motility tracings were analyzed quantitatively as
follows. Each contraction was rated as percentage of the
maximum contraction of the interdigestive period for each
day. After a period of quiescence, the interdigestive con-
traction was considered to have begun when motor activity
having >10% of the maximal contraction was observed.

In the motilin infusion study the motility index was cal-
culated in two different ways for different purposes. To eval-
uate the biological potency of the synthetic motilin, 20-min
periods were selected because the average spontaneous GIC
lasts 20 min. The sum of the amplitude of contractions
during each period was calculated in two experiments in
each of four dogs during an infusion of 0.1 gg/kg per h of
motilin and in two experiments in each of three dogs of this
group during an infusion of 0.2 ,ug/kg per h. The value ob-
tained from each experiment was regarded as the motility
index during the period of maximum contraction and a com-
parison of natural GIC and motilin-induced GIC was made.

In order to examine closely the relationship between
gastric contraction and the rapidly changing peripheral SLI
levels, a motility index was calculated on the basis of 5-min
intervals from the start to the end of the infusion. The
sum of the amplitude of every contraction in each period was
calculated and was divided by the amplitude of the maxi-
mumcontraction of the previous spontaneous GIC so as to
standardize the motility index in different dogs. The relation-
ship of the motility index to the mean increase of peripheral
SLI level was evaluated in the eight experiments in which
motilin was infused at the low rate.

The data was treated by analysis of variance (16) and by
the Newman-Keuls procedure for multiple comparisons (17).
Data in Fig. 6, comparing a preinfusion value to each other
value, was analyzed by Dunnett's test (17). The level of 0.05
was considered significant for all tests.

RESULTS

Duration of gastric motor activity and quiescent
intervals during blood sampling. During blood sam-
pling at 5-min intervals the mean quiescent period
(+SEM) was 102+20 min (n = 8) and the mean dura-
tion of the subsequent GIC was 75 +12 min (n = 8).
The mean interval between two consecutive contrac-
tions was 176±+15 min (n = 8).

Relationship of plasma somatostatin levels to the
interdigestive motor activity. In Table I the plasma
SLI concentrations in period 0 of the first episode of
GIC were compared to those in periods 1 through 6.
Mean SLI levels in periods 2, 3, 4, and 5 were sig-
nificantly lower than those in period 0 (P < 0.05); but
periods 1 and 6 did not differ significantly. Plasma SLI
concentration reached its lowest value of 114+9 pg/ml
in period 4.

In four of the eight experiments the gastric motility
of the next episode of GIC began in period 5. To
determine if the beginning of the second episode of
GIC is associated with a change in SLI levels, the
mean value in the 20-min period immediately before
the onset of the second GIC (period X) and that in the
first 20 min of the second GIC (period Y) were com-
pared. The mean SLI value in period X (118±+12
pg/ml) was significantly lower than that of period Y

Plasma Somatostatin-like Immunoreactivity during Interdigestive Period 207
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FIGURE 1 The relationship between gastric movement and the plasma SLI levels in one of eight
experiments. At the top of this figure is shown an example of time divisions based on the motility
tracings at the bottom, for the comparison of the concentration of plasma SLI in eight experiments.
Vertical axis for the gastric movement represents the amplitude of contraction and horizontal
axis represents time-course.

(133±16 pg/ml; P < 0.05), the subsequent period 0
(146±12 pg/ml; P < 0.05) and the previous period 0
(155±14 pg/ml; P < 0.05) (Table II).

To determine whether there was a relationship be-
tween the SLI levels and the amplitude of antral con-
tractions, the amplitude of the largest contraction
during 2.5 min before and after each blood sampling
point was quantitated as percentage of the highest
contraction in the entire experiment. The SLI values
associated with contractions of large amplitude (80-
100%) were compared with those associated with con-
tractions of small amplitude (10-60%). The mean SLI
value during contractions of large amplitude, 151+13
pg/ml, was significantly higher than that associated
with contractions of small amplitude, 136+10 pg/ml.
They were also significantly higher than those in period
X (118±12 pg/ml) (Table III).

The effect of exogenous somatostatin on the inter-
vals between gastric interdigestive contractions. So-
matostatin infusion significantly delayed the occurrence
of the next GIC compared with saline infusion in all
five dogs studied. During saline control infusion the
intervals between contractions averaged 137±12 min
in the five dogs. During somatostatin infusion at a rate
of 0.1 ,ug/kg per h it increased to 215±7 min (P < 0.01
for each dog), as shown in Table IV. This rate of
somatostatin infusion raised the plasma SLI level be-
tween 5 to 25 min by only 20-15 pg/ml (Fig. 2), and
the values did not differ significantly from the peak
SLI value of the previous GIC.

The effect of synthetic motilin infusion on the gastric
motility. As reported previously (18), a characteristic
GIC appeared within 5 min after the start of the in-
fusion of motilin at a rate of 0.1 and 0.2 ,ug/kg per h,
but not during the saline control infusion. During the
low rate infusion of motilin, the motility index during
the period of maximum contraction was significantly
less than that of spontaneously occurring GIC. But at
the high infusion rate the motility index was sig-
nificantly greater than that of natural GIC, as shown
in Table V.

The effect of motilin infusion on plasma SLI level.
The infusion of motilin at 0.1 ,g/kg per h during the
quiescent period was associated with an increase of

SOMATOSTATIN
0.l)g/kg/h

* NS NS NS NS NS * * NS

130

el 90.

80-

Period 0 0 5 10 15 20 25 30 35 40 (mmin)
MINUTES

FIGURE 2 The effect of somatostatin infusion on peripheral
plasma SLI levels (n = 6). *', significant difference of P < 0.05
from period 0.
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TABLE I

Mean Plasma SLI Values (Picograms per Milliliter) during the Interdigestive Period

Plasma SLI value (pg/ml)

Period... 0 1 2 3 4 5 6

Dog
1 185+9 163+13 143+11 141+8 136+8 140+6 188+20

4 4 4 4 4 4 4

159+6 145±+14 125+6 113+3 95+4 148+24 125+9
4 4 4 4 4 3 4

2 177±+12 163+6 133+8 144+4 121+8 156±+12 180+4
3 4 4 4 4 4 4

121±4 113+6 98+3 100±2 100+4 115+8 121±4
4 4 4 4 4 4 3

3 150+10 125+6 98±9 112+11 114±14 121±11 121+10
4 4 2 4 4 4 4

178±3 168±12 152±7 141±10 127±6 133±6 168+24
4 5 4 4 4 5 4

4 78± 77±3 74±8 60±4 68±8 75±9 80±2
2 3 3 5 3 3 4

194±11 189±10 171±10 160±3 150±5 198±23 193±28
4 4 4 4 2 2 2

Mean 155 ± 14* 142±12* t 124±11§ 121±11§ 114±9§ 136±13t 147±14* t

Period 0 was defined as 20-min period ending at the point of cessation of the first GIC, and
the following 20-min period was numbered from 1 to 6. Values presented are mean±SEM in
each period in two experiments in each of four dogs. Figures under each value indicate the
number of samples in each period. A different superscript indicates that values differ significantly
from one another (P < 0.05); i.e., if there are two values with the same letter, they are not
different.

plasma SLI to a peak of 122+±6 pg/ml, a value that was
significantly higher (P < 0.05) than the preinfusion
value. With the 0.2 ,ug/kg per h motilin infusion, the
mean SLI level rose to a peak of 159±38 pg/ml; how-
ever, this was not significantly above the preinfusion
value because of greater variation (Fig. 3).

The Inean SLI value in the period of maximum
contraction during both doses of motilin did not differ
statistically from those observed during natural GIC
(Table VI). However, mean SLI levels from 15 to 30
min after the start of saline infusion (this was the
period when the mean motility index was at a peak
level in eight experiments with the low rate infusion
of motilin) were significantly lower than during the
maximum contraction period before the saline in-
fusion (P < 0.005). The SLI levels during saline
infusion period did not differ significantly from those
during motilin infusions.

To determine the relationship between the in-
crease of gastric motility and the change of peripheral
SLI levels, the mean motility index and the mean
increase of SLI from the preinfusion value were com-

pared in eight experiments in which motilin was in-
fused at a rate of 0.1 ,ug/kg per h in four dogs. The
peak SLI value was observed at 30 min after the start
of infusion, and the peak motility index occurred at
15-20 min after the start of the infusion, but this
difference in time was not statistically significant
(Fig. 4). There was no correlation between the mean
motility index and the mean increase in SLI.

DISCUSSION

This study is the first attempt to determine if a
relationship exists between the plasma somatostatin
level and spontaneous and motilin-induced GIC.
Plasma somatostatin levels were found to rise in close
relation to spontaneous GIC, and to decline during the
ensuing quiescent period. The mean increase in
peripheral SLI was -40 pg/ml, which is about half the
rise observed during a protein meal (15).

Various phenomena have been reported to accom-
pany the GIC. These include increased levels of plasma
motilin (19-22) and pancreatic polypeptide (22), and

Plasma Somnatostatin-like Immunoreactivity durinig Itnterdigestive Period 209



TABLE II
Comparison of Plasma SLI Levels (Picograms per Milliliter)

among Period 0 of the First GI, Period X, Period Y,
and Period 0 of the Second GIC

Plasma SLI value (pg/ml)

Period 0 of Period 0 of
Dog 1st GIC Period X Period Y 2nd GIC

1 185+9 152+4 160+9 192±16
4 3 4 4

159+6 112±+14 123±12 139±7
4 3 3 5

2 177±12 121±5 165+7 172±8
3 4 4 4

121+4 98±1 111±7 147±5
4 4 3 4

3 150± 10 102±8 100±2 123± 12
2 3 5 3

178±3 124±3 125±5 153±3
2 3 5 3

4 78± 63±5 70±7 80±5
2 4 4 4

193±11 170±5 215±5 159±12
4 2 2 2

Mean 155±14* 118±12t 133±16§ 146±12*.§

Period 0 was defined as the same as in Table I in both first
and second GIC. Period X was defined as 20-min period
ending at the point of initiation of the second GIC and the
following 20 min was named as period Y. Values presented
are mean±SEM in two experiments in each of four dogs.
Figures under each value indicate the number of samples
in each period. Mean values with a different superscript
differ significantly from one another (P < 0.05).

increased secretion of gastric acid (23), pancreatic
enzymes and bile (22, 24). There is a simultaneous
occurrence of interdigestive duodenal contractions that
migrate aborally along the whole intestine as a strong
band (3, 5), increasing the intestinal flow rate (25).
Therefore the interdigestive phase is a period of change
in endocrine, exocrine, and muscular activities of the
digestive system. Plasma SLI can be added to the list
of parameters that change during the interdigestive
period. It should be noted that the minimal level of
somatostatin was present only between 20 and 80 min
after a GIC. This fact may account for variations in
base-line values of plasma peripheral SLI observed in
the fasting state (15, 26).

Motilin has been suspected as a possible initiator
of these cyclic phenomena in the interdigestive period
(18, 20). Plasma motilin levels are the highest during
GIC (20) or in phase III of the duodenal interdiges-

TABLE III
Comparison of the Mean SLI Values among the Period

of Small Amplitude Contractions and Large
Amplitude Contractions and the Period X

Plasma SLI value (pg/ml)

Small Large
Dog Period X amplitude amplitude

1 152±4 151±7 190+7
3 4 9

112±+14 132±7 146±6
3 13 8

2 121±5 148±13 173+6
4 2 10

98±+1 125±6 137±4
4 6 13

3 102±8 129+9 125+6
3 7 12

124±3 156±5 179+7
3 23 8

4 63±5 75±3 80±3
4 12 12

170±5 174+8 181±+11
2 15 7

Mean±SEM 118±12* 136±10t 151±13§

Period X was defined as 20-min period ending at the point
of initiation of the second GIC. Values presented are mean
±SEMin two experiments in each of four dogs. Figures under
each value indicate the number of samples. Mean value with
a different superscript differ significantly from one another
(P < 0.05).

tive myoelectric complex (19, 22). Exogenous motilin
in a physiological dose induces a motor pattern re-

TABLE IV
The Effect of Synthetic Somatostatin on the Intervals of GIC

Intervals (min)
P value saline vs.

Dog Saline Somatostatin somatostatin

1 151+6 236±12 <0.01
2 99+2 198±16 <0.01
3 129±14 207±6 <0.01
4 172±6 229±8 <0.01
5 132± 13 207± 14 <0.01

Mean±SEM 137±12 215+7

The values presented are the meantSEM of five experi-
ments in each of five dogs. Both somatostatin and saline were
infused from 40 min after the first GIC until the end of the
next GIC. Intervals were defined as the time period between
the end point of the first GIC to the second GIC, or to the
end point of somatostatin infusion.
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TABLE V
Motility Index (Millimeter) during Natural and Motilin-induced GIC in

Two Separate Experiments in Four Dogs

Motility index (mm)

Low dose (0.1 Ag/kg/h) High dose (0.2 ag/kg/h)

Natural Motilin-induced Natural Motilin-induced
Dog Expt. GIC GIC GIC GIC

5 1 1,198 622 950 1,562
2 1,059 907 1,309 1,926

6 1 949 1,093 791 981
2 1,249 1,004 1,049 1,336

7 1 873 582 1,209 1,138
2 1,354 515 742 984

8 1 868 641
2 1,177 760

Mean+SEM 1,091+65 766±75 1,008+92 1,321±229

P value L <0.05 I L <0.05 J

The values presented are sum of the amplitude of the contractions during the 20-min period
that yielded the largest sum for each GIC. Motilin infusion was started at 40 min after the
preceding natural GIC.

sembling spontaneous interdigestive contractions (18,
19, 27), a fact confirmed in the present study. The
lower dose of synthetic motilin (0.1 ug/kg per h) used
in the present study seemed to be in a physiologic
range in that the GIC produced by its continuous in-
fusion was quantitatively similar to naturally occur-
ring GIC. Moreover, this low dose of motilin increased

the peripheral SLI levels to those that occur during
a spontaneous GIC. This suggests that the rise of so-
matostatin during natural GIC is somehow related to
the rise of endogenous motilin.

Exogenous somatostatin, infused in doses that pro-
duced plasma SLI levels that did not exceed the peak
values of endogenous SLI observed during the inter-
digestive phase, delayed significantly the intervals be-
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FIGuRE 3 The effect of exogenous motilin or saline on the
peripheral level of SLI. 0), significant difference ofP < 0.05 vs.
0 value. 0- 0,0.2 .Ag/kg per h (n = 6); * *, 0.1 ,g/kg
per h (n = 8); 0--- 0, saline (n = 4).

5.

3.

2-

1-

01 0 5 10 15 20 25 30 35 40
MINUTES

FIGURE 4 Motility index (MI) and SLI during infusion of 0.1
,ug/kg per h of motilin. Broken line represents mean+SEM
of SLI and histogram indicates the meantSEM of motility
index in two experiments in each of four dogs.
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TABLE VI
Mean Plasma SLI Value (Picograms per Milliliter) during Natural and Motilin-induced GIC

Plasma SLI value (pg/ml)

Natural Natural Motilin 0.1 Natural Motilin 0.2
Dog GIC Saline GIC ±g/kg per h GIC j.&g/kg per h

5 106+5 69+5 132±11 121±3 114±7 110±7
5 4 3 4 3 4

145±6 111±8 205±5 171±28
5 4 3 4

6 194±11 158±6 113±4 104±5 97±9 144±19
4 4 4 4 4 4

115±8 115±5 146±26
5 4 5

7 126±7 90+5 127±6 93±6 100±5 104±4
4 4 4 4 4 4

117±6 112±+11 123+8 114±1
5 4 4 4

8 119+6 90±2 119±4 116±4
4 4 5 5

133±5 138±6
5 4

Mean 136±20 102±19 125±4 114±5 128±20 132±11

P value L <0.005 1 L NS I L NS I

Values presented are mean±SEMin 20-min period that was selected for each GIC to yield the
largest sum of the amplitude of the contraction except during saline infusion. In the saline
infusion study they are the mean SLI value from 15 to 30 min after the start of saline infusion.
Figures under each value indicate the number of samples in each period.

tween the two consecutive GIC. This suggests that
somatostatin may function as an inhibitor of the
cyclic occurrence of the GIC in the interdigestive
period in dog. Pharmacological doses of somatostatin
inhibit both natural and motilin-induced GIC (7) and
also suppress the endogenous release of motilin in the
interdigestive period (28) and after meals (29). A small
rise of somatostatin during the quiescent period could
delay the next GIC by inhibiting release of motilin,
whereas a reduction in plasma SLI during the quies-
cent period may be important for recurrence of the
GIC. A positive-negative feedback relationship be-
tween motilin and somatostatin can be envisioned as
regulating the frequency, duration and amplitude of
GIC. Whether these findings in dogs are applicable to
other species remains to be determined.
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